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Foreword 

The Lyndon B. Johnson School of Public Affairs has established interdisciplinary 

research on policy problems as the core of its educational program. A major part of this 

program is the nine-month policy research project, in the course of which one or more 

faculty members direct the research of ten to twenty graduate students of diverse 

backgrounds on a policy issue of concern to a government or nonprofit agency. This 

―client orientation‖ brings the students face to face with administrators, legislators, and 

other officials active in the policy process and demonstrates that research in a policy 

environment demands special talents. It also illuminates the occasional difficulties of 

relating research findings to the world of political realities. 

During the 2010-2011 academic year, Austin Energy funded a policy research project to 

explore ―clean‖ energy technologies and make recommendations regarding the use of 

these technologies. The timing of this policy research project comes at a critical stage of 

developing solutions to mitigate climate change. The development and deployment of 

―clean energy‖ technology has become increasingly important in addressing climate 

change and energy independence. International treaties and federal policies to reduce 

carbon in the atmosphere have been difficult to articulate and slow to implement. 

Approaches to addressing climate change now include the development and 

implementation of both old and new technology. This paper addresses several of these 

technologies through in-depth case studies: energy storage and electric vehicles, 

combined heat and power, energy efficiency, distributed solar photovoltaics, carbon 

capture and sequestration, coal bed methane, ethanol, natural gas from shale, nuclear 

power, and solar water heating. Further, specific clean energy policy studies have been 

conducted over feed-in tariffs and renewable portfolio standards as they relate to wind 

energy. Each section of the paper provides an overview and assessment of the technology 

in the United States and policy recommendations going forward.  

The curriculum of the LBJ School of Public Affairs is intended not only to develop 

effective public servants, but also to produce research that will enlighten and inform 

those already engaged in the policy process. The project that resulted in this report has 

helped to accomplish the first task; it is our hope that the report itself will contribute to 

the second. 

Finally, it should be noted that neither the LBJ School of Public Affairs nor The 

University of Texas at Austin necessarily endorses the views or findings of this report. 
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1 

Chapter 1.  Introduction 

The development and deployment of ―clean energy‖ technology has become increasingly 

important in addressing climate change and energy independence. International treaties 

and federal policies to reduce carbon in the atmosphere have been difficult to articulate 

and slow to implement. Approaches to addressing climate change now include the 

development and implementation of both old and new technology. This paper addresses 

several of these technologies through in-depth case studies that primarily focus on the 

United States‘ role in the mitigation of climate change. These case studies are energy 

storage and electric vehicles, combined heat and power, energy efficiency, distributed 

solar photovoltaics, carbon capture and sequestration, coal bed methane, ethanol, natural 

gas from shale, nuclear power, and solar water heating. Further, specific policy case 

studies have been conducted over feed-in tariffs and renewable portfolio standards as 

they relate to wind energy. 

Carbon dioxide makes up close to 80 percent of the world‘s anthropogenic greenhouse 

gas emissions.
1
 The United States matches this trend, with about 80 percent of the 

nation‘s greenhouse gas emissions coming in the form of carbon dioxide.
2
 About two-

thirds of these carbon emissions are produced by the top ten emitters.
3
 As of 2007, the 

United States is the number two emitter of carbon dioxide in the world, as seen in Figure 

1.1. 

 

Figure 1.1 

Top 10 Emitters of Carbon Dioxide 

(Thousand Metric Tons of CO2) 

 

Source: United Nations, Millenium Development Goals Indicators. Online. Available: 

http://mdgs.un.org/unsd/mdg/SeriesDetail.aspx?srid=749&crid=. Accessed: March 10, 2011.  
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Figure 1.2 demonstrates how carbon dioxide emissions are generated in the United States. 

The majority of carbon emissions in the United States come from electricity production, 

followed by transportation. This paper addresses policies and technologies that can lead 

to cleaner production of electricity, and also addresses technologies to shift the 

transportation sector‘s reliance on oil to cleaner burning fuels. 

 

Figure 1.2 

2008 United States Carbon Dioxide Emissions by Sector 

 
Source: United States Energy Information Administration, Emissions of Greenhouse Gases Report. Online. 

Available: http://www.eia.doe.gov/oiaf/1605/ggrpt/index.html. Accessed: March 10, 2011. 
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The case studies on Renewable Portfolio Standards, Ethanol, Energy Efficiency, and 

Solar Hot Water all showed how mandates were effective as a component of a policy 

approach. Furthermore, the case studies on Carbon Capture and Sequestration and 

Nuclear Power both recommended that one particular mandate—carbon cap and trade 

legislation—would be very helpful in establishing those technologies.  In the case of 

ethanol, mandates have produced outcomes that some view as desirable farm policy 

but undesirable energy policy, such as the current apparent competition between fuel 

and food for corn. 

3. Research and development funding and tax credits worked across many technologies 

and were instrumental in bringing the technology to market, especially when applied 

consistently over a reasonable period of time.  Results have been less far successful 

for federal tax credits where they have been available episodically. 

Funding for R&D was important, even critical, in almost of the technologies—as 

discussed in the case studies on CCS, photovoltaics, nuclear, energy efficiency, and 

energy storage. However, such funding was sometimes not sufficient to lower the cost 

to the point of market adoption. 

Tax credits were also instrumental in moving many of the technologies to market 

adoption, as demonstrated in the case studies on Natural Gas-Shale, Coal Bed 

Methane, Photovoltaics, Renewable Portfolio Standards, Energy Storage and Ethanol. 

Again, tax credits were not sufficient to overcome market resistance in some cases, as 

discussed in the case studies on Combined Heat and Power, Photovoltaics, CCS and 

Nuclear Power. 

4. Failures in policy often occurred because the appropriate level of regulation was not 

addressed. 

We found cases where the level of regulation and conflicts in regulatory policies 

among federal, state and local entities was not adequate to overcome barriers created 

by other levels of regulation. The case studies in Combined Heat and Power, 

Renewable Portfolio Standard and Photovoltaics are examples. 

5. Sometimes policies succeed in the deployment of the technology, but stated economic 

or environmental goals were still not met. 

Corn Ethanol production in the U.S. is the best example of successful deployment of 

a technology through policy actions, yet not achieving the stated environmental goals 

of the policies. In addition, a case study on Germany demonstrates that feed-in tariffs 

have accomplished solar photovoltaic deployment, but had higher economic costs and 

produced fewer economic benefits than expected. 

6. Sometimes even the strongest voluntary policy incentives are not sufficient for mass 

adoption of the technology. 
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In the case of CCS and Nuclear Power, R&D funding, tax incentives, loan guarantees 

and other policies have still not been able to foster mass adoption of the technologies. 

Technologies 

Policymakers have an immense responsibility to mitigate climate change, and a central 

tool will be the adoption of clean energy technologies. Public policy has the ability to 

impede specific technologies, as well as encourage their adoption. Each case study 

involves an exploration of those policies which have worked to encourage adoption, 

those which have not, and policy mechanisms that ought to be implemented. Further, 

policy governing each technology is not explored in a vacuum; considerations over the 

inherent benefits and challenges of each technology are also explored. The following is a 

summary of the central policy conclusions from each case study. 

Energy Storage and Electric Vehicles 

Although the energy storage and electric vehicles category is broad and varied, there are 

three particular policy initiatives from which the category can benefit: funding for 

research and development, funding for manufacturing and production, and consumer 

incentives. In recent years, the United States government has provided significant support 

for these three categories. Most recently, energy storage and electric vehicles benefited 

from the American Recovery and Reinvestment Act (ARRA). 

Those technologies in an experimental stage benefit significantly from increased research 

and development; R & D also plays a role in those technologies that have been partially, 

but not fully, developed. Consumer incentives and restructuring energy markets may also 

serve to promote energy storage technology. 

Further, energy storage can benefit from the introduction and establishment of a mandate; 

the presence of such a policy could give states the push they need to engage further and 

more substantively with new energy storage technologies. 

Combined Heat and Power  

Combined heat and power (CHP) refers to a set of mature technologies involving the 

generation of both electricity and thermal products (e.g., heat, steam, or distilled water) 

through the burning of a single fuel that can be used directly or for the generation of 

additional power. This technology may provide important gains in efficiency for niche 

markets. Policies that have been implemented to promote CHP include federal loan 

guarantees, investment tax credits, bonus depreciation, clean renewable energy bonds, 

and federal grants. The time-frames for many of these national policies were too short to 

effect major change, or did not provide adequate incentive. Currently, policy changes at 

the local level have the potential to effect great adoption of this technology. The inclusion 

of CHP in renewable portfolio standards or energy efficiency resources standards, net 

metering practices, and standard grid interconnection rules are all policies that can be 

used to promote CHP at the local level.  
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Energy Efficiency  

Energy efficiency is the application of technologies or management so as to yield 

outcomes that use less energy. Specific policy recommendations in this category are 

focused on Light Emitting Diode (LED) lighting, an energy efficient technology, and 

Energy Star, a federal policy tool that promotes energy efficiency.  

Light Emitting Diodes are a more efficient lighting technology that will likely replace 

conventional lighting. Policies for LED technology are designed to increase consumer 

demand. Department of Energy (DOE) funded research and development is essential in 

overcoming technological barriers that slow the widespread adoption of LED lighting. 

Federal mandates that establish minimum efficiency standards in lighting are an effective 

tool in transitioning the lighting industry away from conventional technologies toward 

LEDs. In addition, government-sponsored consumer education programs are a valuable 

tool in the promotion of LED technology.  

Policies such as utility give away programs, where LED bulbs are given to consumers 

free of charge, should be avoided, as they may undermine normal distribution routes like 

retail sales. Incentives are more effective if directed at manufacturers rather than 

consumers. Finally, deploying the technology in government affiliated niche markets 

such as traffic lights or parking garages is an effective way to encourage a widespread 

transition to LED lighting.  

The Energy Star program is a federal labeling system that informs consumers about 

energy efficiency in products. Though the Environmental Protection Agency must 

improve its certification process, the Energy Star program is an effective policy tool for 

promoting energy efficiency in the United States. 

Distributed Solar Photovoltaics 

Solar Photovoltaic technology is a decades-old set of renewable energy technologies that 

generate power by converting light into electricity. Distributed solar photovoltaics 

currently face inherent cost disadvantages. As a highly scalable zero-emissions power 

generator, distributed solar photovoltaic technology is well positioned to meet the needs 

of a carbon-neutral energy landscape. Currently, as the high cost of solar photovoltaic 

systems prevents it from effectively competing with other renewable energy resources, 

significant incentives are still required to promote its deployment. However, the cost of 

solar energy continues to drop as the technology becomes more sophisticated and cost-

effective.  

Carbon Capture and Sequestration 

Carbon Capture and Sequestration (CCS) is the process of capturing carbon dioxide 

(CO2) from point sources above the ground and injecting the gas into underground 

repositories for indefinite disposal. CCS faces both cost- and technology-based market 

challenges. While in the early stages of implementation, carbon capture and sequestration 

has the potential to reduce the negative consequences of coal-based electricity generation. 
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With the exception of enhanced oil recovery opportunities, the private sector is unlikely 

to significantly invest in carbon capture and sequestration without monetary incentives 

large enough to offset the technology‘s high capital demands. Monetary incentives could 

take the form of a carbon tax, an emissions mandate, or a cap-and-trade program, and will 

be necessary to fully deploy this technology. 

Coal Bed Methane 

Coal bed methane is an auxiliary source of energy for an already established energy 

production infrastructure. Its utilization depends on the economic feasibility of extraction 

when compared to its competitors: conventional natural gas production and shale 

methane production. While the market is the primary driver of Coal Bed Methane (CBM) 

extraction and use, federal tax credits, in the form of the Alternative Fuel Production 

Credit (AFPC), were an effective policy approach that facilitated the initial development 

of the CBM industry. Tax credits were offered from 1980 through 2002 and succeeded in 

stimulating the growth of the CBM industry, allowing it to reach a self-sustaining level 

driven exclusively by market forces. In addition, outreach programs and research and 

development initiatives were led by the Environmental Protection Agency (EPA) in the 

1990s, and were an effective policy tool used to promote the use of CBM domestically 

and internationally.  

CBM production is subject to environmental regulations at the federal and state levels. 

Conflicts between state and federal authorities regarding these regulations have the 

potential to slow the production of CBM. In addition, costly water treatment processes 

mandated by environmental regulations affect the profitability of gas extraction. While 

these regulations increase the costs associated with CBM production, it is necessary to 

address legitimate environmental concerns through regulatory policies.  

Ethanol 

Ethanol is a liquid fuel primarily produced from annually grown plant feedstock that can 

be used as a supplement or substitute for gasoline in transportation applications. It faces 

four main barriers to entry: (1) Competition with food crops, (2) Review of land-use 

limits of scale-up, (3) Infrastructure requirements of scale-up, (4) Likely opposition from 

incumbents. Additionally, limited access to ethanol has significantly hindered its 

adoption in the United States. 

In the United States, ethanol significantly benefits from policies that encourage research 

and development, tax incentives, and mandates. These policies exist both at the state and 

federal level. All 50 states, as well as the District of Columbia, have ethanol legislation in 

place that promotes production. However, these programs differ significantly; thus, it is 

impossible to compare them effectively to ascertain which is most efficient and effective. 

Types of incentives include tax credits, research and development grants, demonstration 

grants, educational program grants, and loan guarantees. 
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Natural Gas from Shale 

Over the past decade, firms that produce natural gas have developed and implemented 

methods to explore and extract natural gas from within shale rock. Federal tax credits 

implemented from 1980-2002 effectively increased drilling and extraction of natural gas 

from nonconventional formations, including shale. Since the expiration of these tax 

credits in 2002, the shale gas industry has continued to grow and is now driven by market 

forces. Extensive funding of research and development aimed at improving shale gas 

extraction techniques and reducing environmental impacts has aided in the establishment 

of a mature, self-sustaining shale gas industry. Federally funded research continues to 

optimize shale gas extraction technologies to increase efficiency and reduce 

environmental risk.  

The regulatory framework for shale gas drilling and extraction is based on federal, state, 

and local regulations. The shale gas industry is subject to most federal laws, regulations, 

and permits that apply to conventional oil and gas. Further research is currently being 

performed by the EPA to determine the extent of environmental risk associated with 

fracturing fluid. Additional federal regulations are capable of moving the shale gas 

industry to environmentally safe techniques if conclusive evidence is found indicating 

significant environmental risk.  

Nuclear 

Energy generated from nuclear power has faced contested adoption in the United States 

despite the fact that it is a clean-burning alternative to fossil fuels. There are two main 

policy initiatives that could aid further development of nuclear facilities in the United 

States. Nuclear technology and facilities could benefit significantly from higher loan 

guarantees, particularly to private companies contracted to build and maintain the 

facilities. Additionally, other countries have mandated that all nuclear facilities are 

constructed and run on the same guidelines, not currently the case in the United States. 

While the United States has not followed this model in the past, the country could benefit 

from issuing a mandate for the consistent construction and maintenance of nuclear 

facilities. 

Solar Hot Water 

Solar hot water heating has been stymied by competition from traditional gas and electric 

hot water heaters. Solar water heating‘s challenges include high up-front costs with long 

payback periods, a lack of public education and awareness, and regulatory issues. While 

the United States has promoted solar hot water through tax-based incentives, mandates 

have also proven successful abroad and could be considered to further this technology. 

Policies 

Specific policy solutions that have had success in implementing clean energy technology 

have also been examined.  
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Feed-In Tariff 

Feed-in tariffs provide financial incentives to the producers of renewable, or clean, 

energy. As a policy designed to promote the installation of and production from 

renewable energy resources, feed-in tariffs show a great deal of promise when 

customized to fit the circumstances of a given geographic area or economic environment. 

There is room to modify existing laws, such as the Federal Power Act of 1935 (FPA) or 

the Public Utility Regulatory Policies Act of 1978 (PURPA) to better accommodate feed-

in tariffs, and the European experience suggests that feed-in tariffs can be very effective 

in encouraging renewable energy resources.  

Renewable Portfolio Standards 

Renewable Portfolio Standards (RPS) refers to the policy in which energy retailers are 

required to derive portions of their electricity from renewable energy sources. RPS 

realizes particular success through the use of tax and consumer incentives; tax credits and 

incentives have encouraged business development and investment in RPS. It also 

encourages the continued building and expansion of wind farms, and allows citizens to 

lease their land to wind farms without losing money to lost property values. States have 

also noted some success by imposing financial penalties on those who do not reach their 

RPS mandate. RPS also benefits from research and development that addresses related 

issues with energy storage (see above). Finally, a mandate may become increasingly 

important in encouraging RPS initiatives throughout the nation. 
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Chapter 2.  Energy Storage and Electric Vehicles 

Executive Summary 

Advancements in a variety of energy storage technologies could help Austin Energy 

provide cleaner and more reliable electricity. Currently, most reliability and power 

quality issues at the transmission level are addressed by increasing or decreasing 

generation, but that option becomes less viable as a larger percentage of electricity is 

generated from intermittent sources like solar and wind. A considerable amount of 

electricity from solar and wind on the grid will be difficult to manage without energy 

storage to smooth out the power quality issues caused by the intermittency characteristic 

of wind and solar.
1
 With storage, electricity generated from intermittent sources during 

low demand can be corrected quickly or stored and output during periods of high demand 

or during periods when wind and solar are unable to provide electricity. By supporting 

renewable generation, energy storage helps reduce greenhouse gas emissions. Electric 

vehicles powered by batteries can also reduce emissions while additionally reducing the 

need for petroleum-based fuels. Electric vehicles could even play the same role as storage 

to the grid.  

The power quality and load shifting applications of energy storage mentioned above are 

tremendously advantageous regardless of the presence of renewable sources. Storage can 

be used to balance the overall daily load on the electric grid by absorbing power during 

time periods of low demand and releasing power during periods or high demand. A more 

balanced load leads to cheaper and more reliable electricity. From a utility standpoint, 

energy storage can be controlled to predict and flatten the demand throughout the day, 

allowing the utility to rely less on forecasting efforts and power from peaking plants, 

while delivering less expensive electricity. On a large scale, energy storage systems could 

reduce the need to build new generation or run existing peaking plants powered by fossil 

fuels that have high operating costs and are inherently inefficient because they rarely run 

at full capacity.
2
 The same storage concepts of load shifting can be applied to address 

grid congestion issues and reduce the need for highly expensive transmission projects. 

Along with this concept of shifting and balancing load, energy storage increases the 

availability of the overall grid by adding backup sources of generation, some with 

capacity to produce power for several hours. Storage is already being used for power 

quality applications to correct frequency and voltage level to improve power quality 

during short disruptions.
3
 

There are several factors that can aid implementation of energy storage technologies. 

Some would benefit from funding for demonstrations or research and development. 

Government standards for energy storage will be an important driver of how much 

energy storage will be implemented. Market standards to define the role for storage in 

electricity markets need to be established. On the technical side of regulation, 

establishing industry standards will be crucial to wide-scale implementation, as many 
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energy storage technologies will be new to the market and developed by a variety of 

companies. For electric vehicle battery technology, research and development still needs 

to take place to reduce cost and improve performance. Developing a vehicle charging 

infrastructure will be a challenge that faces all economic and regulatory obstacles. As 

research and development into electric vehicles and battery manufacturing continues, 

electric vehicle battery costs are expected to decrease significantly as well. 

Overview of Storage Technology 

The Hawaiian Islands have seen increased funding for a variety of energy storage 

projects over the past few years. With an abundance of wind and sunlight, the islands 

hope to reach high goals of more than 50 percent electricity from renewable sources.
4
 

Hawaii is also seeking these new power generation options to gain more energy 

independence because it previously relied heavily on expensive imported oil and gas to 

fuel power plants and transportation and bears the high costs of these fuels due to its 

isolation from supply. A shift to more renewable generation along with the already high 

prices of fuel imports cause high electricity prices in the range of 40-50 cents per kilowatt 

hour (kWh), nearly five times the average price of electricity on the US mainland.
5
 With 

a desire to rely less on imported fuels for security, economic, and environmental reasons, 

increased electricity production from renewable sources like hydro, geothermal, solar, 

and wind have begun to take up significant percentages of Hawaii‘s electricity generation 

over the past decade. Currently these sources make up just over 30 percent of the 

electricity generation on the islands.
6
 In Hawaii, without the inherent stability of a large 

transmission network, energy storage is absolutely necessary for power quality, stability, 

availability, and energy management. Storage may even be the most economic option in 

certain applications.
7
 Many of the issues faced in Hawaii (price volatility of fossil fuels, 

negative environmental impacts of fossil fuels, fuel security, rising electricity prices, 

increased generation from intermittent renewable sources, power quality issues, and 

having a microgrid) exist in some form on the mainland United States, so Hawaii and 

other isolated areas represent useful cases studies to analyze the success and failure of 

various storage systems. 

 

Table 2.1 

Applications of Energy Storage Systems 

Application Description 

Support of Renewables Reduce fluctuations in power caused by wind and photovoltaic (PV) 

output, allow sale of renewable energy at high-value times 

Reliability and Power Quality Allow load to operate through outages 

Reactive Power Control, Power 

Factor Correction, Voltage 

Control 

Power electronic interfaces provide the ability to rapidly vary 

reactive and active power 

Load Leveling Storage is charged during light-load periods, using low-cost energy 

from base-load plants, and discharged during high-load times, when 

the energy value is higher. The benefits are improved load factor, 
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deferred generation expansion, and reduced purchase at peak times 

and generation by peaking units 

Load Following Storage with power electronic interfaces can follow load changes 

very rapidly, reducing the need for generating units to follow load 

Bulk Energy Management Bulk power transfers can be delayed by storing the energy until it is 

needed, or until its value increases 

Spinning Reserve Because of its ability to rapidly change the output, storage with 

power electronic interfaces can act as spinning reserve, reducing the 

need for conventional spinning reserve units 

Deferral of New Transmission 

Capacity 

Properly located storage units can be charged during off-peak times, 

reducing peak loading of transmission lines and effectively 

increasing transmission capacity 

Deferral of New Generating 

Capacity 

Fewer peaking units are needed when storage reduces peak demand 

Support of Distributed 

Generation (DG) and Microgrids 

Storage allows for smaller more distributed sources of power, such 

as microturbines and fuel cells, to be operated at constant output at 

highest efficiency, reducing fuel use and emissions. Discharging 

during peak demand times also reduces the needed capacity of the 

DG 

System Stability Power and frequency oscillations can be damped by rapidly varying 

the real and reactive output of storage. The improved stability 

margin is obtained by electronic controls for the DES 

Black Start Capability Stored energy can be used to start an isolated generating unit 

Reduced Fuel Use Use of less efficient peaking units is reduced by charging storage 

with energy from more efficient base load generating units. Because 

peaking units often burn natural gas, this also offers natural gas 

conservation benefits. By improving the system power factor, losses 

will be reduced, and there is a reduction of energy use 

Environmental Benefits Reduced fuel use results in reduced emissions and natural gas 

conservation 

Increased Efficiency and 

Reduced Maintenance of 

Generating Units 

Load following by storage units allows prime movers to be operated 

at more constant and efficient set points, increasing their efficiency, 

maintenance intervals, and useful life 

Increased Availability of 

Generating Units 

During peak periods, charged energy storage added to available 

generation increases total system capacity 

Source: Piyasak Poonpun and Ward T. Jewell, ―Analysis of the Cost per Kilowatt Hour to Store 

Electricity,‖ IEEE Transactions on Energy Conversion, vol. 23, no. 2 (June 2008), p. 529. 

 

Table 2.1 outlines many useful applications of electricity storage. ―If you want a greener 

grid, you not only need renewable energy, you also need storage,‖ declared Imre Gyuk, 

the Department of Energy program manager for energy storage research, at a professional 

engineering conference in January 2010.
8
 His words ring true, as there are already a few 

areas around the United States like Texas where renewable penetration into the grid is 

becoming somewhat significant. Independent system operators are running into a variety 

of issues, particularly with reliability, that can be addressed with energy storage.
9
 Within 

the next few years, as the Competitive Renewable Energy Zones (CREZ) transmission 

lines and more wind plants are built out, the total capacity of wind generation in Texas 

will be around 18,000 megawatts (MW), nearly 25 percent of the current peak demand.
10

 

Voltage and frequency issues are caused by wind and solar generation because wind is so 

intermittent solar can experience dramatic shifts in power output during brief periods of 
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heavy cloud cover. However, solar is more commonly distributed than installed in large 

plants, so the distributed nature can reduce these issues.
11

 In most on-land wind 

generation sites, wind blows more at night than during the day, a trend that is opposite of 

the pattern of electricity demand. Solar power obviously can only generate electricity 

during the day when there is sun. These intermittent sources represent an opportunity for 

storage systems to shift some of this electricity to times of higher demand, or to reserve 

energy for periods when there is no wind or sunlight. 

Looking at transmission needs, wind generators pay negative money (they profit) to stop 

producing electricity when transmission networks are congested, incentive to use energy 

storage to store this free energy and sell it for a profit later.
12

 If storage reduces 

congestion and increases wind prices, this can also benefit wind generators.
13

 Energy 

storage can also be used to substitute portions of large transmission projects that address 

congestion such as the CREZ transmission projects in Electric Reliability Council of 

Texas (ERCOT), which have an overall capital cost of nearly $5 billion.
14

 

Figure 2.1 shows the generation in ERCOT by fuel type for one week in April 2009 when 

there was enough wind to produce much of the power normally generated by natural gas 

peaking plants. Looking at this figure, it becomes clear that there is so much wind being 

purchased in the ERCOT market that even base load sources like coal plants may be 

backed down. Coal plants are used for base load because they are inherently inefficient 

while ramping up and down or generating below a certain threshold. With the 

organization of the electricity market, backing down plants also increases costs because 

all generators are accepted into the market to produce a specific amount of power and 

must be compensated if they are forced to decrease. Being able to store the wind energy 

would allow the coal plants to run at a constant output. The first ERCOT case is with 10-

15 percent of overall generation coming from wind. Once the CREZ transmission 

projects from West Texas are completed, there will be over 18,000 MW of wind capacity 

on the ERCOT system, as shown in the 2013 predicted case.
15

 Not only will this cause 

issues with choosing generators to dispatch, but there will be a clear need for technology 

to address reliability issues.
16

 This can be some combination of energy storage 

technologies and a more flexible fleet of thermal generators. 

Several companies in the wind and solar business argue that penetration of intermittent 

renewable generation has to reach nearly 20 percent of total generation in order to elicit 

the need for energy storage.
17

 Stanley Blazewicz, vice president and global head of 

technology at the New England utility, National Grid, and other utility experts seem to 

agree that energy storage capacity to assist renewable generation needs to be at least 20 

percent of installed renewable capacity.
18

 That means states that hope to achieve 

standards of 20-30 percent renewable sources of electricity within the next decade must 

increase storage capacity on the grid.  
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Figure 2.1 

ERCOT Typical Spring Week Generation by Fuel Type (actual) and 

ERCOT 2013 High Wind Week Generation by Fuel Type (projected) 

 

 
Source: Class Presentation by Mark Dreyfus, Head of Regulation and Public Affairs, Austin Energy, 

Austin, Texas, October 5, 2010. 
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The intermittent nature of renewable sources heightens the need for storage, but energy 

storage is necessary for several applications regardless of the percentage of generation 

capacity that comes from renewable sources. Unlike other technologies, energy storage 

has roles at all points in the electricity system: homes, commercial buildings, generation, 

and the transmission and distribution networks that connect them all. For example, 

flattening out daily electricity demand by shaving the peak and shifting the load makes 

electricity dispatch more predictable and reliable. Moreover, this reduces the need to 

purchase additional, often expensive, power from the market to meet demand.
19

 Energy 

costs less when the demand is predictable. 

Energy storage can not only provide bulk energy management options, it can also address 

more specific power issues on the grid. One example is enhancing power quality and 

reliability by allowing loads to continue operating when part of the transmission goes out 

during an event like a storm. Another use for energy storage is providing ancillary 

services, or services used to accurately match generation and demand while maintaining 

quality and reliability. Some of these services include addressing short-term issues like 

stabilizing voltage and frequency or using power electronics to vary reactive power 

levels.
20

 On a larger scale, storage can provide ancillary services to provide generation 

following steep changes in load or provide power while other forms of generation are 

slowly ramping up their generation.
21

 

Most ancillary services are currently provided by thermal generators that are fueled by 

coal and natural gas. For these ancillary applications, energy storage technologies have 

the advantages of responding faster, ramping up and down more quickly, and reaching 

their dispatch target faster than thermal generators. Also, storage systems have the ability 

to receive or send power, while thermal generators can only send power. If energy 

storage provided some of the needs being addressed by thermal generators, there would 

be more thermal generation available for other purposes.
22

 The lifetime and efficiency of 

these units would also be increased if they did not have to perform as many ancillary 

services. This also reduces fuel needs and greenhouse gas emissions. Then it becomes a 

matter of comparing the capital cost of the storage system to the capital and operational 

costs (fuel) for a thermal peaking plant. Electric vehicles are another way of decreasing 

dependence on fossil fuels and greenhouse gas emissions, and electric vehicle charging 

patterns can also help stabilize the grid. 

If energy storage became cost-effective at some point, then storage could substitute 

current and future peaking thermal generators. Similarly, if energy storage can be used to 

address transmission issues and avoid transmission congestion by shifting the load to 

different times, fewer transmission upgrades would be needed in the future.  

At some point, energy storage may become cost-effective enough for storage units to bid 

into the electricity market through simple arbitrage by purchasing and storing power 

while electricity is at low prices and dispatching the stored power when prices rise. With 

more stable gas prices and little increase in electricity prices, storage costs will have to 

decrease significantly in order for arbitrage to become economically appealing. 
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Many utility experts also believe that energy storage will play an important role on the 

electricity grid, which will see a decrease in large generators and long transmission 

networks.
23

 While existing transmission networks will still remain active, generation will 

increase through smaller distributed sources connected through interconnections known 

as microgrids. Combining storage with the right power electronic control system, power 

quality can also be increased by granting microgrids or individual loads the ability to 

―island‖ from the grid during outages and run off of stored energy.
24

 Many applications 

of energy storage will require a network of communications on the transmission and 

distribution grid to control the flow of electricity.
25

 With these types of ―smart grid‖ 

technology, which are currently being developed and installed all around the world by 

companies and utilities, utilities and system operators could use energy storage to control 

load and generation (see Figure 2.2).  

 

Figure 2.2 

Example of Distributed Generation System with Communication 

Infrastructure 

 

Source: National Renewable Energy Laboratory (NREL), Benjamin Kroposki et al., Renewable Systems 

Interconnection: Executive Summary (Feb. 2008), p. 8. Online. Available: http://www.nrel.gov/ 

docs/fy08osti/42292.pdf.  Accessed: October 6, 2010.  
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How It Works 

While electricity cannot be stored simply in electrical form, its energy can be stored in 

other common forms of chemical, kinetic, and potential energy. It is important to note 

that energy storage devices can act as both a load and a generator, making them different 

from other sources. Basically, generation sources like solar and wind are taking resources 

and converting them into electricity while energy storage is taking energy that has 

already been created by other sources and holding it until it needs to be used, at which 

point the storage unit would appear to be just another generator. No extra energy is 

created through the storing and dispatching process, and advances in technology hope to 

minimize losses that may occur during the storage time. 

When it comes to energy storage, there is no such thing as a ―one size fits all‖ solution; it 

depends heavily on the application. Some applications require the ability to quickly 

charge and discharge storage units, while other situations may call for a slower, steadier 

flow of energy. Response time can be divided into three categories: seconds, minutes, and 

hours/days. There are many more options to store smaller amounts of electricity versus 

larger. That brings up the discussion of classifying energy storage based on size, where 

storage can be broken into 3 classes. Utility-scale storage of 10 megawatts (MW) to 1000 

MW usually focuses on storage at the generation and transmission level. The medium 

level of storage ranges from 100 kilowatts (kW) to 10 MW, sited at the transmission and 

distribution level. And finally, there is small-scale storage form 1 kW to 100 kW used 

primarily at the distribution level and for individual site application for smaller loads and 

generators. Currently, almost all of the storage response is taken care of by power plant 

ancillary service providers. Figures 2.3 and 2.4 illustrate the applications of energy 

storage and the choices of technologies based on power rating and storage capacity (in 

time). 

Energy Storage Technologies 

The following sections provide brief descriptions and potential technological advances 

for many types of energy storage in a general order of utility-scale to small-scale storage: 

Pumped Hydro is actually one of the oldest forms of energy storage, dating back to the 

1800s. Nearly two centuries later, pumped hydro power is still one of the only economic 

utility scale storage techniques and contributes to almost all of the current electricity 

storage capacity worldwide. Pumped hydro is only economical at this very large scale 

(usually over 1000 MW), and it could really be considered in a class of its own in terms 

of storage capacity in the range of thousands of megawatts.
26

 The basic concept of 

pumped hydro energy storage is using low cost electricity (during low demand) to pump 

water from a lower elevation reservoir to a higher elevation reservoir, giving the water 

potential energy. Then, when demand increases and thus electricity prices increase, the 

water can flow back down to the lower reservoir with the force of gravity and be directed 

through a turbine on its way to generate electricity. This technology is currently in use at 

150 sites in the United States, and it has proven to be very useful for long duration energy 

storage of 10 or more hours, up to a few days.
27

 Pumped hydro plant energy efficiencies 
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range between 70-85 percent.
28

 Extremely high capital cost and lengthy construction time 

along with geographical restraints are limiting the amount of new pumped hydro plants. 

Because of this, there have been few new pumped hydro storage installations in the past 

few decades.
29

  

 

Figure 2.3 

Energy Storage Applications: System Power Rating vs. Discharge Time 

 

Source: Electricity Storage Association, Technology Comparisons. Online. Available: http://www. 

electricitystorage.org/ESA/technologies/technology_comparisons/. Accessed: November 12, 2010. 
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Figure 2.4 

Energy Storage Technologies: System Power Rating vs. Discharge Time 

Source: Dan Rastler, ―New Demand for Energy Storage,‖ Electric Perspectives, vol. 33, no. 5 (Sept./Oct. 

2008), p. 40. 

 

Compressed Air Energy Storage (CAES) is the only other utility-scale energy storage 

technique currently deployed. The idea behind compressed air storage is similar to 

pumped hydro, but potential energy is stored in the form of compressed air. In a 

conventional gas peaking plant, about two-thirds of the natural gas fuel is used to 

compress air during electricity generation, but with CAES, air is compressed and stored 

during off-peak times using low cost electricity at those times.
30

 This compressed air can 

be heated and used with gas fuel to produce electricity when needed during periods of 

peak generation, using 40 percent less fuel during peak to produce the same amount of 

electricity.
31

 Ideal areas for creating reservoirs to store compressed air are salt caverns, 

depleted mines, and tapped-out gas fields deep in the earth, typically at least 1500 ft. 

below the surface.
32

 Large reservoirs could take more than 8-10 hours to fill, meaning 

with high efficiency, the stored compressed air could then be used to help power a 300 

MW generator for nearly 10 hours.
33

 Figure 2.5 demonstrates the operation of a typical 

CAES system. During off peak periods, the motor and compressor compress the air, and 

it is pumped into the limestone cavern at a temperature of 2200 degrees. At peak demand, 

the compressed air is drawn out of the limestone cavern and used in the typical natural 

gas combustion process to generate electricity. 
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Figure 2.5 

Diagram of Compressed Air Energy Storage Facility 

 

Source: Electricity Storage Association, Compressed Air Energy Storage. Online. Available: 

http://www.electricitystorage.org/ESA/technologies/caes/. Accessed: October 17, 2010. 

 

Due to shorter construction times, less geographic restrictions, lower capital costs, and 

generally lower cost per megawatt hour (MWh), CAES looks to be a promising near-term 

solution for utility-scale energy storage in comparison with pumped hydro.
34

 

Geographically, CAES plants are an attractive option in areas where there are depleted 

mines or gas fields because excavation would be too costly through the dense rock below 

much of the surface in areas without those existing formations.
35

 Other options for 

storage space include above-ground tanks or abandoned gas pipelines, but natural and 

previously existing underground formations are the least costly.
36

 

Table 2.2 lists estimates for the cost of CAES plants based on power output and the 

geological formation from which they are created. Porous rock formations created from 

aquifers or depleted gas/oil fields are the least costly option, and Texas has an abundance 

of these formations in various sizes around the state.
37

 In a 2005 report created for the 

Texas State Energy Conservation Office, Ridge Energy Storage & Grid Services L.P. 

identified several areas in Northwest Texas and Oklahoma that would be suitable for 

CAES facilities.
38

 Figure 2.6 shows areas of the United States with geological formations 

appropriate for CAES. Not only does West Texas have the proper geological formations 

to make CAES attractive, but also an abundance of wind farms which produce off-peak 

electricity that could be used for CAES applications.
39

 There simply arises an issue of 

ownership because a storage facility of this magnitude would best be used by multiple 

parties, and capital costs for a CAES project are still not quite as attractive as the current 

http://www.electricitystorage.org/ESA/technologies/caes/
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ancillary options of peaking gas plants.
40

 As expected, many citizens are concerned with 

the idea of storage under the ground, but all of these reservoirs are similar to those that oil 

and gas companies have been storing hydrocarbon-based fuels in for over 80 years. 

 

Table 2.2 

Compressed Air Energy Storage Geography and Associated Capital 

Costs 

Type of Formation Method of Creation 
Cost 

($/kWh produced) 

Salt caverns  Solution mining 1 

Salt caverns  Dry mining 10 

Rock caverns  Excavating hard and impervious rock 30 

Porous rock formations (e.g. 

sandstone, fissured limestone) 

Porous rock aquifers or depleted gas/oil 

fields 

0.10 

Abandoned mines Former limestone or coal mines 10 

Source: United States Department of Energy Electric Power Research Institute (EPRI-DOE), Handbook of 

Energy Storage for Transmission and Distribution Applications, Compressed Air Energy Storage: 

Section 15 (Dec. 2003), p. 26. Online. Available: www.sandia.gov/ess/Publications/Conferences/ 

2008/PR08_Presentations/gotschall_techins.pdf. Accessed: October 14, 2010. 

 

Figure 2.6 

Compressed Air Energy Storage Geography throughout the United 

States 

Source: United States Department of Energy Electric Power Research Institute (EPRI-DOE), Handbook of 

Energy Storage for Transmission and Distribution Applications, Compressed Air Energy Storage: 
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Section 15 (Dec. 2003), p. 10. Online. Available: www.sandia.gov/ess/Publications/Conferences/ 

2008/PR08_Presentations/gotschall_techins.pdf. Accessed: October 14, 2010. 

CAES technology can be described as a secondary innovation with uncontested launch.
41

 

Existing CAES storage facilities include a 110 MW plant near McIntosh, Alabama and a 

290 MW plant Huntorf, Germany, although CAES storage options to harness electricity 

from wind may need to be larger in scale.
42

 

Thermal Energy Storage refers to diverse ways to use off-peak electricity for heating 

and cooling to these needs during periods of peak demand. For example, heat storage 

systems made primarily of magnesite with an insulated core use night-time off-peak 

electricity to heat the core unit to extremely high temperatures.
43

 With high specific heat 

capacity and temperature stability, these systems efficiently store heat for hours and then 

distribute it to meet nearby heating needs when electricity demands are higher. Another 

example of thermal storage is using excess off-peak electricity to cool water or create ice 

to meet future air conditioning needs at peak demand.
44 Air conditioning typically 

composes 40-50 percent of the electricity use during peak daytime for an average 

commercial building, and offsetting this demand by cooling ice or water at night can 

offset this demand nearly 95 percent.
45

 

With thermal storage, proximity to the end user is highly important, as thermal properties 

cannot travel long distances like electricity. Some microgrids, such as universities and 

large office complexes, already make use of thermal storage technologies, and these same 

technologies could be adjusted for optimal use in densely populated downtown areas and 

subdivisions.
46

 

Solar thermal plants concentrate reflected sunlight onto pipes containing heat-absorbing 

solutions. Currently, many solar thermal plants use a molten salt solution that stores heat 

efficiently for a period of up to several days
47

. Research is currently being done to 

improve this process, primarily by improving the heated solution. Combined heating and 

power (CHP) applications are also discussed in this report, and many CHP concepts are 

very similar to the concepts used in thermal energy storage. Some thermal energy storage 

ideas remain very experimental, while others have been in place for decades and can be 

considered as looking to make incremental gains in conservation and end-use efficiency. 

Tables 2.3 and 2.4 summarize the advantages and disadvantages for each of the large-

scale storage technologies along with a summary of their capital costs and expected 

primary functions.  

Table 2.3 

Advantages and Disadvantages of Large-Scale Technologies 

Technology Advantages Disadvantages 

Pumped Hydro Highest capacity (no comparison), 

economic, mature technology 

High capital cost, special site requirement 

CAES High capacity, up to 10 hours of Geographic limitations, needs onsite or 
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storage time, somewhat scalable, 

economic 

nearby natural gas plant, geography 

determines cost, no new facilities in place 

Thermal Useful for load shifting, useful in 

microgrids or population dense areas 

Load must be in close proximity, often 

situational and experimental 

Table 2.4 

Capital Costs and Uses of Large Scale Storage Technologies 

Technology 
Capital Cost 

($/kWh) 

Capital Cost 

($/kW) 
Uses 

Pumped Hydro 100-200 1,000-2,000 Energy application, hours and days of storage 

CAES 50-100 500-1,000 Energy application, hours of storage, quick 

response applications like rapid reserves 

Thermal Depends on application and 

region 

Energy application, hours of storage, helps 

meet heating and cooling demands during 

winter and summer peaks 

Sources: Dan Rastler, ―New Demand for Energy Storage,‖ Electric Perspectives, vol. 33, no. 5 (Sept./Oct. 

2008), pp. 30-47; and Piyasak Poonpun and Ward T. Jewell, ―Analysis of the Cost per Kilowatt Hour 

to Store Electricity,‖ IEEE Transactions on Energy Conversion, vol. 23, no. 2 (June 2008), p. 529. 

 

Rechargeable Batteries are energy storage devices that store electricity in a chemical 

form. For utility purposes, they can be divided into three main categories: flow batteries, 

electrochemical batteries, and vehicle batteries.  

Flow Batteries are special types of rechargeable batteries in which the energy is stored in 

a flowing liquid electrolyte, and the two main types are redox flow batteries and hybrid 

flow batteries.
48

 Flow batteries, opposed to other batteries, have a liquid electrolyte that is 

pumped through reaction stacks where electrical energy is converted to chemical energy 

while charging or chemical energy is converted to electrical energy while discharging, 

and the liquid electrolytes are generally stored in tanks.
49

 Because of this design, flow 

batteries in general are favorable for larger power applications but are scalable with some 

design flexibility. 

The vanadium redox battery (VRB) is the most prominent redox flow battery, and other 

examples are polysulfide bromide and uranium redox.
50

 In a VRB, the liquid electrolytes 

are a vanadium and sulfuric acid mixture at approximately the same acidity level as that 

found in a lead-acid battery.
51

 Basically, the charge and discharge cycles of a VRB cell 

are based upon electron transfer between different ionic forms of vanadium, where 

electrons are either released or attracted as seen in Figure 2.7.
52
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Figure 2.7 

Operation of Vanadium Redox Batteries 

 

 

Source: United States Department of Energy Electric Power Research Institute (EPRI-DOE), Handbook of 

Energy Storage for Transmission and Distribution Applications, Vanadium Redox Batteries: Section 

10 (Dec. 2003), p. 2. Online. Available: www.sandia.gov/ess/Publications/Conferences/2008/PR08_ 

Presentations/gotschall_techins.pdf. Accessed: November 5, 2010. 

 

VRB‘s tend to be suited for applications with longer storage periods (high kWh/kW 

ratio). Storage times of current VRB technologies are typically in the range of 4-10 hours 

with an overall conversion efficiency around 75-85 percent.
53

 They have been used for 

short-discharge power quality applications as well. Looking at a physical footprint, space 

requirements can vary dramatically depending on the capacity and site. When examining 

environmental footprint, VRB‘s contain no toxic chemicals because the only chemical is 

the vanadium electrolyte, which just consists of ionic vanadium in sulfuric acid at nearly 

the same concentration found in flooded lead-acid batteries.
54

 The maintenance costs 

should be very low with the pumps being the only moving parts. As with most other 

power systems, regular inspections are required and may show need to replace relatively 

inexpensive electronic components such as sensors, relays, and fuses.
55
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Unlike VRB‘s, which are redox flow batteries, there exists a second group of flow 

batteries called hybrid flow batteries. Zinc-Bromine (ZnBr) is the most attractive hybrid 

flow battery because of its high energy density and low cost of zinc, and other examples 

are cerium-zinc and all-lead.
56

 In ZnBr batteries, the zinc is in solid form during the 

charging period, separated from the thick liquid bromine by a porous membrane.
57

 

During discharge of the battery, the zinc and bromine combine to form the liquid 

electrolyte zinc bromide which generates electric current.
58

 ZnBr batteries, like VRB‘s, 

are suited for applications with high kWh/kW ratios but have efficiencies ranging from 

70-80 percent , slightly lower than efficiencies of VRB‘s.
59

 Also like VBR‘s, the ZnBr 

technology is fairly scalable with the capacity largely dependent on the size of the 

electrolyte storage tanks.
60

 Typical maintenance and degradation issues occur due to the 

corrosive nature of electrolyte. Over time, any part of the system exposed to this bromine 

electrolyte will suffer degradation, making the lifetime less dependent on the number of 

cycles and more on simply how long the battery has been in operation.
61

 Bromine is also 

a toxic chemical, and although it causes no environmental issues during battery operation, 

it must be recovered if spilt or once the unit is decommissioned. Upon decommissioning 

a ZnBr battery, zinc-bromide is corrosive and zinc can be a contaminant metal, so both 

must typically be recovered as well.
62

 

Flow batteries look promising for the future of utility-scale storage, but companies are 

still perfecting the technologies and decreasing the costs. Some technologies are fairly 

mature, but flow batteries in should still generally be considered experimental 

technologies.  

Electrochemical Batteries are the familiar form of energy storage seen in a variety of 

technologies in Table 2.5 and that can be used in small and medium-scale applications 

with both long and short discharge times. The basic operation of batteries is storing and 

discharging energy through reverse chemical reactions. A variety of different battery 

chemistries exist, and Table 2.5 lists the basic technical specifications and pricing of 

each. 

Table 2.5 

Characteristics of Common Electrochemical Battery Technologies 

 Lead-Acid Ni-Cd Ni-MH Li-ion 

Cell voltage (V) 2 1.2 1.2 3.6 

Specific energy (Wh/kg) 1-60 20-55 1-80 3-100 

Specific power (W/kg) <300 150-300 <200 100-1000 

Energy density (kWh/m
3
) 25-60 25 70-100 80-200 

Power density (MW/m
3
) <0.6 0.125 1.5-4 0.4-2 

Maximum cycles 200-700 500-1000 600-1000 3000 

Discharge time range >1 min 1 min-8 hr >1 min 10 sec-1 hr 

Cost ($/kWh) 125 600 540 600 

Cost ($/kW) 200 600 1000 1100 

Efficiency (%) 75-90 75 81 99 

Source: Class presentation by Alexis Kwasinski, Professor, Cockrell School of Engineering. The University 

of Texas at Austin, Austin, Texas, October 6, 2010. 
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Lead-acid batteries tend to be the most cost effective. Lead-acid technology, however, is 

often critiqued based on overall performance and disposal needs.
63

 Particularly, lead-acid 

batteries have issues when being used for load-following power correction applications 

because their lifetimes are significantly shortened when they are discharged very rapidly 

or with frequent deep cycles.
64

 

Already popular in personal electronic devices, a variety of lithium-ion (Li-Ion) battery 

technologies have become attractive for utility operations. Their main advantages over 

other battery types are high energy density, high efficiency, and good lifetime based on 

cycle use. Li-Ion batteries, however, incur high costs due to manufacturing and 

packaging as well as the need for electronics to meet specific current requirements for 

charging.
65

 

Nickel-Metal Hydride (Ni-MH) and Nickel-Cadmium batteries have become popular for 

a variety of storage applications due to recent advances in their technologies. Ni-MH and 

Ni-CD batteries are less sensitive to high temperatures than li-ion and lead-acid batteries, 

and they handle abuse (overcharge or over-discharge) much better than li-ion batteries.
66

 

However, because more cells are needed to achieve standard rated voltages, Ni-MH and 

Ni-CD are still two of the more expensive battery options.
67

 

Like many other technologies, batteries are typically expensive to manufacture. The 

ability to manufacture in bulk quantities could significantly reduce these costs, but 

manufacturing processes for batteries are difficult and still in need of technological 

breakthroughs of their own. For many types of batteries, there are environmental and 

safety concerns because of the chemicals used. There is also a life expectancy issue with 

many batteries because their lifetime depends so much on how they are used, making 

control systems a very important and often costly part of a battery storage system.  

There are many types of electrochemical batteries, each with its own development and 

adoption trajectory. Several companies and researchers are still discovering and 

developing new technologies while other technologies, like various li-ion batteries, are 

much more mature and only face the major obstacle of improving the manufacturing 

processes. 

Vehicle Batteries are electrochemical batteries specifically designed to power 

automobiles. Because they are used in vehicles, these batteries must be able to produce 

high amounts of power but also store energy for long periods, all in a light-weight 

package. Recently, several promising vehicle battery technologies have emerged, such as 

Ni-MH batteries that are now used in the development of several hybrid cars around the 

world.
68

 Common vehicle battery types that are expected to characterize the future of 

electric vehicles are different lithium-ion batteries: lithium-nickel-cobalt-aluminum 

(NCA), lithium-nickel-manganese-cobalt (NMC), lithium-manganese spinel (LMO), 

lithium titanate (LTO), and lithium-iron phosphate (LFP).
69

 Each of these lithium-ion 

technologies has trade-offs in life span, cost, specific energy, specific power, 

performance, and safety (see Figure 2.8). Because of the trade-offs among these 

categories, no type has jumped out ahead of the others, but safety, performance, and cost 

are probably the most heavily considered categories for manufacturers and consumers.
70
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Figure 2.8 

Tradeoffs Among the Five Principal Lithium-Ion Battery Technologies 

Source: Boston Consulting Group, Batteries for Electric Cars: Challenges, Opportunities, and the Outlook 

to 2020 (2010), p. 3. Online. Available: http://www.bcg.com/documents/file36615.pdf. Accessed: 

November 1, 2010. 

Note: The further the colored shape extends from the center along a given axis, the better the performance 

along that dimension. 

 

Using batteries to power electrical vehicles gives several advantages over internal 

combustion engines (ICEs). As the world oil supply is increasing at a rate only slightly 

higher than the rate of consumption and oil reserves remain primarily in the hands of a 

few governments, there are multiple economic and political reasons to reduce oil 

consumption. The transportation sector is by far the largest user of oil.
71

 The cost of 

driving an electric vehicles in dollars per miles driven is expected be nearly half the 

current cost of driving a car with an ICE (with ~$3/gallon gas prices), and that is without 

any credits or tax incentives.
72

 US drivers travel 14,000 miles annually on average, which 

would definitely expedite the payback of purchasing an electric vehicle.
73

 This cost 

advantage is further heightened as gas prices increase. Not only are oil prices expected to 

be rising and volatile, burning petroleum products also emits greenhouse gases. A study 

conducted by the Electric Power Research Institute (EPRI) shows that that an electric 

vehicle charged by electricity that comes from a region with primarily coal-fired power 

plants would match the emissions of a Toyota Prius, a fuel-efficient hybrid electric 

vehicle with emissions 30 percent less than the average vehicle.
74

 The same EPRI study 

also showed that in areas like the Northwestern United States with electricity coming 
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primarily from hydro sources, the greenhouse gas emissions reduction from an electric 

vehicle powered by the grid could be as significant as 80 percent less than the average 

vehicle.
75

 

Electric vehicle battery technology can be improved through lower costs, extended range, 

faster charging, and better temperature performance. Battery performance remains 

temperature-dependent, particularly at lower temperatures. The Department of Energy 

estimates that current vehicle battery technologies needs to increase 8 to 10 times in 

terms of performance and cost in order to make local electricity a more attractive fuel 

option than oil.
76

 In that same report though, the Department of Energy expects battery 

costs to drop at least 50 percent between 2009 and 2013 as 20 battery factories funded by 

the recovery act start to reach manufacturing economies of scale.
77

 By the end of 2013, a 

100 mile range battery is expected to decrease from $30,000 to $16,000 and even down 

to $10,000 by 2015 due to these manufacturing investments.
78

 Figure 2.9 shows future 

cost estimates of electric vehicle batteries. Because of a low weight requirement for 

automobile operation, electric vehicle driving range is projected to remain at maximum 

between 160 to 190 miles between charges, and extending this range is potentially the 

biggest technological hurdle to overcome.
79

 In terms of charging, it takes nearly 10 hours 

to charge a 15-kWh battery using a standard 120-V electrical outlet.
80

 Using a 240-V 

outlet and increasing power to draw 40 amps of current, this time can be reduced to about 

2 hours.
81

 There also exists commercial 3-phase charging stations that can charge vehicle 

batteries in about 20 minutes.
82

 While this is still a fairly significant amount of time spent 

at a gasoline filling station, it begins to approach that short recharge range. There is also 

research and development currently taking place that would allow for quick battery swaps 

to replace a discharged battery with a fully charged battery. 

 

Figure 2.9 

Forecasted Cost of a Typical Electric-Vehicle Battery 
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Source: United States Department of Energy, The Recovery Act: Transforming America’s Transportation 

Sector, Batteries and Electric Vehicles (July 2010), p. 7. Online. Available: http://www.whitehouse. 

gov/files/documents/Battery-and-Electric-Vehicle-Report-FINAL.pdf. Accessed: November 6, 2010. 

Note: Assumes 3 miles per kilowatt hour and 100‐mile range. 

 

Studies are also being performed to discover the effects of an increased number of 

electric vehicles on the transmission and distribution grids, which will inevitably require 

extensive networking, hardware, and software upgrades commonly referred to as smart 

grid, and possibly even increased generation capacity. Depending on the total level of 

demand, only one or two vehicles charging could potentially overload a small distribution 

transformer.
83

 Using smart grid applications, utilities will have more control over the 

charging patterns of electric vehicles, and utilities can implement pricing programs that 

reflect not only the amount of electricity used to charge the vehicle but also the amount of 

work that charging a vehicle will put on the distribution system.
84

 If done carefully and 

correctly, this could actually lower electricity rates because there would be higher grid 

utilization over the same infrastructure.
85

 In fact, a study conducted by the Pacific 

Northwest Lab showed that if 75 percent of light-duty vehicles in the United States were 

replaced by electric vehicles, all of their charging could be supported by currently 

existing off-peak generation.
86

 Because new hardware and software charging systems 

need to be in place to charge any electric vehicle, several utilities around the country are 

even exploring ways to use plug-in hybrid vehicles for energy storage purposes. Several 

utility experts, however, remain skeptical about how much storage capacity can be 

achieved with electric vehicles because of the overall cost and complications associated 

with controlling thousands of vehicle charging stations as opposed to controlling a much 

smaller number of larger energy storage devices.
87

 Currently, even more advanced 

metering allows power flow in only one direction from generation to source, so electric 

vehicle charging can only affect demand by starting and stopping charging. In the future, 

it remains to be seen whether utilities will try to implement bidirectional power flow in 

order to actually draw power from vehicles at critical times.
88

 Cycling batteries more 

often can decrease their lifespan, and many vehicle owners may not feel comfortable 

losing some of their capacity, so two-way power flow between vehicles and electric grids 

will probably not exist in the near future.
89

 

Even without two-way power flow, electric vehicle batteries can be used to provide 

ancillary services by stopping in the middle of a charge to effectively reduce load 

(increase generation) or by starting to charge which increases load (reduces generation). 

Other avenues are being researched to find uses for recycled vehicles batteries for the 

electric grid. While older electric vehicle batteries may no longer be able to serve the 

purpose of powering a vehicle, their lifetime can be genuinely extended as they can still 

be useful for many other power system and grid applications.
90

 

As previously mentioned, most of the current vehicle battery technologies are looking for 

major improvements in manufacturing processes to significantly decrease costs. In 
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addition, a developed charging infrastructure and user incentives will speed the growth of 

this market. Therefore, vehicle battery technologies can be considered both secondary 

innovations with uncontested launch and in need of scale-up and generic R&D for 

manufacturing processes.
91

 

Tables 2.6 and 2.7 summarize the advantages and disadvantages for each of the battery 

technologies along with a summary of their capital costs and expected primary functions. 

 

Table 2.6 

Advantages and Disadvantages of Battery Technologies 

Technology Advantages Disadvantages 

VRB Flow Batteries High Capacity, independent power 

and energy ratings, scalable 

No proven track record, low energy 

density, bulky, efficiency needs 

improvement 

ZnBr Flow Batteries High Capacity, Independent Power 

and Energy Ratings, Scalable 

No proven track record, low energy 

density, bulky, efficiency needs 

improvement, disposal needs for 

hazardous components 

Li-Ion Batteries High power and energy densities, 

long life, high efficiency 

High production costs, require 

special charging circuit 

Ni-Cd and Ni-MH 

Batteries 

High power and energy densities, 

high efficiency, less sensitive to 

temperature 

Two of most expensive battery 

technologies, toxic materials 

Lead-Acid Batteries Low cost Heavy, low cycle life, toxic 

materials, cannot load-follow 

Vehicle Batteries Reduces need for oil imports, reduces 

emissions, users save money on fuel, 

use for energy management on grid 

Limited range, expensive, charging 

takes time 

 

Table 2.7 

Capital Costs and Uses of Battery Technologies 

Technology Cost ($/kWh) Cost ($/kW) Use 

VRB Flow Batteries 

(includes power 

conditioning system) 

20 kWh  = $1600/kWh 

100 kWh  = $600/kWh 

425-1300 Primarily utility energy management 

applications, peak-shifting 

ZnBr Flow Batteries 

(includes power 

conditioning system) 

45 kWh  = $500/kWh 

2 MWh  = $300/kWh 

425-1300 Primarily utility energy management 

applications, peak-shifting 

Li-Ion Batteries 1,200 

150 in future 

1200-3000 Energy and power applications, 

energy management and frequency 

regulation 

Ni-Cd and Ni-MH 

Batteries 

600-1000 800-1200 Energy and power applications 

Advanced Lead-Acid 

Batteries 

250 400-500 Primarily power applications, cannot 

be deep cycled 

Vehicle Batteries $30,000/battery Power automobiles, can be sole source 
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of power or combined with ICE 

Sources: Sandia National Laboratories, ―Technology Development Needs for Integrated Grid-Connected 

PV Systems and Electric Energy Storage‖ (paper presented at 34th IEEE Photovoltaic Specialists 

Conference, Philadelphia, Penn., June 2009), p. 1833; Dan Rastler, ―New Demand for Energy 

Storage,‖ Electric Perspectives, vol. 33, no. 5 (September/October 2008), pp. 30-47; Piyasak Poonpun 

and Ward T. Jewell, ―Analysis of the Cost per Kilowatt Hour to Store Electricity,‖ IEEE Transactions 

on Energy Conversion, vol. 23, no. 2 (June 2008), p. 529. 

 

Flywheels are used for small-scale, short-term power applications by storing electricity in 

the form of kinetic energy. Flywheels use electricity to rotate a disc, and the disc is 

designed to rotate with minimal losses for short time periods, usually less than 15 

minutes. When electricity is needed again, the disc spins a turbine, producing electricity 

(see Figure 2.10).
92

 Flywheels are already in use in many applications requiring short-

term storage and have high potential in power quality applications for renewable sources. 

Some flywheels can provide helpful grid services with a response time on the order of 

100 times faster than thermal generation units, and this is critical for certain frequency 

and voltage issues.
93

 Along with batteries, flywheels are the most economically viable 

grid storage technologies with low speed flywheels currently commercially available at 

competitive pricing, but high-speed flywheels are still in development.
94

 As speed 

increases by locating more mass toward the outside of the disc, there are several 

engineering challenges to overcome with mechanical limitations.
95

 While experimental, 

these high-speed flywheels use lighter materials and could produce higher power at 

higher efficiency levels.
96

 Flywheels have the potential to dominate the niche market of 

small-scale storage units used for reliability. That being said, flywheels should not be 

considered a disruptive storage technology overall like distributed photovoltaics or LED 

lighting.
97

 

 

Figure 2.10 

Flywheel Diagram and Components 
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Source: Class presentation by Alexis Kwasinski, Professor, University of Texas at Austin, at the Cockrell 

School of Engineering, Austin, Texas, October 11, 2010. 

Ultracapacitors, like flywheels, are small-scale energy storage devices with a lot of 

potential to improve power quality in electricity generation and transmission with 

primary use for short, shallow and frequent energy exchanges.
98

 Like any standard 

capacitor, ultracapacitors store energy using the charge between plates with an insulator 

separating them. Ultracapacitors are different from standard capacitors, however, because 

they can store energy for several seconds up to a few minutes as well as store large 

amounts of power for a significant time period compared to standard capacitors.
99

 

Technologically, the difference exists in increasing the surface area of the two parallel 

plates but decreasing the distance at which the plates are separated (see Figure 2.11).
100

 

While a few seconds may seem like very little time when compared to utility-scale 

energy management storage, ultracapacitors, like flywheels, are intended to provide short 

bursts of power, primarily for stability purposes. By controlling the discharge to allow 

longer production of power, ultracapacitors are being researched to possibly replace or 

combine with batteries in some applications like hybrid vehicles because they have such 

high power but charge very quickly.
101

 Citing this example, it appears that ultracapacitor 

technologies have the potential to be applied to a variety of other storage methods. 

Predominantly though, they are expected to compete with flywheels to take over the 

niche market of small-scale storage units used for reliability. Like flywheels though, 

ultracapacitors should not be considered an overall disruptive technology. 

 

Figure 2.10 

Ultracapacitor Diagram and Components 
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Source: Class presentation by Alexis Kwasinski, Professor, University of Texas at Austin, at the Cockrell 

School of Engineering, Austin, Texas, October 6, 2010. 

Tables 2.8 and 2.9 summarize the advantages and disadvantages for each of the battery 

technologies along with a summary of their capital costs and expected primary functions. 

 

Table 2.8 

Advantages and Disadvantages of Small-Scale Technologies 

Technology Advantages Disadvantages 

Flywheels High Power, fast response, economic Low energy density 

Ultracapacitors Fastest response, long cycle life, high 

efficiency, hybrid functionality 

Very low energy density, still 

experimental  

 

 

Table 2.9 

Capital Costs and Uses of Small-Scale Technologies 

Technology Cost ($/kWh) Cost  ($/kW) Use 

Low-Speed Flywheels 

(steel) 

3000-4000 380 

future: 300 

4 second - 15 minute response for 

power quality and reliability 

High-Speed Flywheels 

(composite)  (includes 

power conditioning 

system) 

3000-4000 2500 

future: 800 

4 second - 15 minute response for 

power quality and reliability, grid 

stability functions 

Lead-carbon 

Asymmetric Capacitors 

(Hybrid) 

10,000 500 

future: 200 

1-60 second response for power 

quality and reliability, hybrid 

applications with other storage   

Electrochemical 

Capacitors 

10,000 350 

future: 200 

1-60 second response for power 

quality and reliability, hybrid 

applications with other storage 

Sources: Sandia National Laboratories, ―Technology Development Needs for Integrated Grid-Connected 

PV Systems and Electric Energy Storage‖ (paper presented at 34
th

 IEEE Photovoltaic Specialists 

Conference, Philadelphia, Penn., June 2009), pp. 1832-1837; and Dan Rastler, ―New Demand for 

Energy Storage,‖ Electric Perspectives, vol. 33, no. 5 (Sept./Oct. 2008), pp. 30-47. 

 

Superconducting Magnetic Energy Storage (SMES) systems store energy in a 

magnetic field created by the flow of direct current in a superconducting coil which has 

been cryogenically cooled to a temperature below its superconducting critical 

temperature.
102

 Figure 2.12 shows the components of an SMES system, which include the 

superconducting coil, refrigerator, power conversion system (PCS), and control system. 
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Most current SMES technologies use a superconducting alloy of niobium and titanium 

(Nb-Ti).
 103

 These materials, however, require intense cooling to conduct at the 

appropriate level, hence the need for the refrigerator unit. And the refrigeration unit 

maintains temperatures near the boiling point of liquid helium, about 4.2 K (-269C or -

452°F), 4.2 degrees centigrade above absolute zero.
104

 While the only notable power 

losses are minimal and occur during alternating current (AC) to direct current (DC) 

conversion, this refrigeration requires significant power. Research has gone into other 

high-temperature superconducting materials, but these are still far too expensive for 

utility operations.
105

 

 

Figure 2.11 

Components of SMES System 

Source: United States Department of Energy Electric Power Research Institute (EPRI-DOE), Handbook of 

Energy Storage for Transmission and Distribution Applications, Superconducting Magnetic Energy 

Storage: Section 12 (Dec. 2003), p. 3. Online. Available: www.sandia.gov/ess/Publications/ 

Conferences/2008/PR08_Presentations/gotschall_techins.pdf. Accessed: November 21, 2010.  

 

Barring its disadvantages, SMES has potential to be useful for several minutes of 

operation or rapid discharge, on a scale ranging from 1 to 1000 MW.
106

 SMES is an 

experimental technology, the least mature of all of the previously discussed technologies, 

and faces the need for much more R&D in order to be considered a possibility for the 

future of energy storage.  
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Figure 2.13 summarizes the costs per kW and KWh for all technologies in terms of their 

energy storage capacity and power storage capacity.  

 

Figure 2.12 

Capital Costs of Storage Technologies in Terms of Energy and Power 

 

Source: Electricity Storage Association, Technology Comparisons. Online. Available: http://www. 

electricitystorage.org/ESA/technologies/technology_comparisons/. Accessed: November 12, 2010. 

 

Summary of Trajectories 

Table 2.10 summarizes the launch and adoption trajectories for each of the technologies 

that were discussed more in depth in the previous section. 

 

Table 2.10 

Summary of Trajectories 

Pumped Hydro Mature and Cost-Competitive at large scale 

CAES Secondary innovation with uncontested launch 
Thermal Experimental, Incremental gains in conservation and end-use efficiency 
Flow Batteries Experimental 
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Electrochemical 

Batteries 

Experimental Secondary innovation with uncontested launch, Scale-up and 

generic R&D for manufacturing processes 
Vehicle Batteries Secondary innovation with uncontested launch, Scale-up and generic R&D 

for manufacturing processes 
Flywheels Niche market technology but not disruptive 
Ultracapacitors Niche market technology but not disruptive 
SMES Experimental 

 

 

Related Policy Incentives  

The policies and government initiatives to increase the deployment of energy storage 

depend primarily on the trajectory of the technology and the level of government. 

Technologies that are experimental need funding for science R&D, and more evolved 

technologies that have not quite emerged may need investments or grants to improve 

manufacturing processes or create demonstration projects. Even more mature 

technologies can increase deployment if there were storage limits and mandates or if their 

consumers have financial incentives. Finally, defining roles for storage devices in 

electricity markets and developing industry standards are two difficult obstacles facing 

storage technologies. 

With energy storage technologies, there seem to be three main financially based policy 

mechanisms to support these technologies: R&D funding for basic scientific innovations 

and demonstration projects, funding for manufacturing and production, and incentives for 

consumers to purchase. The choice of incentive depends almost entirely on the trajectory 

level of the technology. Since most of the technologies are at experimental or secondary 

trajectory level, it makes sense that funding for R&D, demonstration projects, and 

manufacturing are by far the most common political forms of financial assistance. 

The US Department of Energy has some offices funding these types of incentives 

including Basic Energy Sciences (BES) and Energy Frontier Research Center (EFRC), 

along with programs like Energy Efficiency and Renewable Energy (EERE) and the 

Advanced Research Projects Agency Energy (ARPA-E). ARPA-E, in particular, has been 

a huge source of funding for new energy storage projects. In 2009, ARPA-E planned out 

a $377.5 million budget for Energy R&D;
107

 $68 million of the initial total budget was 

dedicated to transportation technologies, which included millions of dollars in 

investments for electric vehicle battery R&D.
108

 Another $45 million of the budget was 

dedicated to the electronics/transmission field, and a majority of this funding went to 

R&D and demonstration projects for utility-scale energy storage technologies because 

most of these technologies are still too technologically risky to attract the large sums of 

private capital they would need otherwise.
109

 Because energy storage plays such an 

important role in the development of renewable energy sources, a fraction of the 

materials/renewables budget of $54.5 million will also be dedicated to energy storage 

projects, and a $30 million addition to this original investment has been requested for 

2011.
110
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In 2009, $151 million of that ARPA-E funding was officially granted and the majority 

went to small businesses (45 percent).
111

 With future ARPA-E investments, however, 

funding will likely go to academic and research institutions, which are less likely to 

receive private capital for research.
112

 ARPA-E funds also look to be focused more on 

―white spaces,‖ or technologies where the United States has fallen behind other countries. 

Regarding energy storage, battery technologies for energy management and electric 

vehicles are among these white spaces. Countries in Asia, particularly Japan, dominate 

the current market, and their advancements can be traced in large part to the Japanese 

government‘s heavy investments in battery R&D.
113

 

Another large source of funding for energy storage technologies in the United States 

came from the American Recovery and Reinvestment Act (ARRA) of 2008, commonly 

known as the stimulus bill or stimulus package. Over 70 awards, worth a sum of more 

than $2.5 billion, were given to promote electric vehicle technologies such as charging 

stations and R&D for new vehicle batteries.
114

 For every dollar of the $2.5 billion, private 

companies have matched it at minimum dollar for dollar.
115

 The US government and 

private sector truly believe that electric vehicles will have a large future role in the 

transportation sector because a large sum of these awards also goes toward battery 

production, increasing US market share in vehicles batteries to 20 percent by 2012 and 40 

percent by 2015.
116

 Aside from electric vehicles, the ARRA has granted $185 for ―smart 

grid‖ and energy storage projects, matched almost five times with $585 million more 

coming from the private sector.
117

 

Besides funding for R&D, demonstrations, and manufacturing, financial incentives can 

come in other forms that more directly benefit the consumers. Particularly for large-scale 

energy storage systems with high capital costs, the federal government could provide 

investment tax credits for customers using storage to promote renewables. Renewable 

generators already receive significant investment and production tax credits, and the 

executive director of the Coalition for the Advancement of Renewables through Bulk 

Storage (CAREBS), Jason Makansi, believes that splitting these credits more evenly 

between renewable generators and storage would help deliver more renewable power in a 

more optimized and reliable form.
118

 Another example of federal government assistance 

that has helped increase the number of storage projects are Department of Energy Loan 

guarantees. Legislators have also been drafting ―The Advanced Energy Tax Incentive Act 

of 2010,‖ which would allocate funding for tax credits for investors of both large-scale 

and residential storage projects.
119

 

To provide additional federal incentives for utility energy storage, Senator Ron Wyden 

(D-OR) and Representative Mike Thompson (D-CA) have submitted the Storage 

Technology of Renewable and Green Energy Act to the Senate and the House of 

Representatives. This legislation calls for amending the Internal Revenue Code to:  

1. Allow a 20 percent energy tax credit for investment in energy storage property 

directly connected to the electrical grid (i.e., state systems of generators, 

transmission lines, and distribution facilities) and designed to receive, store, and 

convert energy to electricity and deliver such electricity for sale;  
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2. Make such property eligible for new clean renewable energy bond financing;  

3. Allow a 30 percent energy tax credit for investment in energy storage property 

used at the site of energy storage; and  

4. Allow a 30 percent nonbusiness energy property tax credit for the installation of 

energy storage equipment in a principal residence.
120

 

Some form of government mandate may be needed in order for utility storage 

technologies to truly take off. As discussed separately in this report, the majority of states 

in the United States already have clearly defined renewable portfolio standards, but none 

of these standards address the need for energy storage. Because Texas already has so 

much installed capacity of wind generation, there could be Renewable Portfolio 

Standards (RPS) legislation in Texas that does not include wind.
121

 The Texas Energy 

Storage Alliance is pushing for this type of legislation and for energy storage to be a large 

part of it. California became the first state to directly address energy storage through 

legislation with California-AB2514, signed into law at the end of September 2010.
122

 

This bill requires that the California Public Utilities Commission (CPUC) ―open a 

proceeding‖ by March 1, 2012 to discuss potential investor-owned utility (IOU) energy 

storage targets to meet 2 deadlines: December 31, 2015, and December 31, 2020.
123

 

While the bill simply requires the California Public Utility Commission to discuss the 

issue of energy storage, it seems to be the first step in setting standards for energy 

storage. The bill also mentions that targets set will be in terms of viable, cost-effective 

energy storage systems, which may still be limited in the near future. Ohio and Utah both 

have state legislators drafting similar legislation.
124

 

There is also a need for some market reorganization to accommodate for energy storage. 

According to Stanley Blazewicz, Vice President and Global Head of Technology at the 

utility National Grid, ―storage breaks a founding principle of the utility industry which is 

that you can't store the commodity. That principle has driven everything around the 

industry--the way it's designed, how you regulate it, and the way to make money.‖
125

 

Electricity markets and regulators currently recognize just three types of businesses on 

the grid: generation, transmission and distribution. Energy storage contains aspects of all 

three, and market and regulatory structures will be forced to adapt but can also take 

advantage of this.
126

  

In the United States, electricity markets are regulated and run by independent system 

operators (ISOs), and Austin Energy participates in the ERCOT market. Large-scale 

energy storage can be used by market participants as generators or to help balance the 

load by scheduling ahead of time. The more common application for energy storage 

systems will be to participate in the ancillary service market, where participants offer 

various energy and capacity products that are used to maintain reliability requirements.
127 

Table 2.11 shows the different ways that participants can bid into the ERCOT ancillary 

services market, and different energy storage technologies fit at each level. 
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Table 2.11 

ERCOT Ancillary Services Market 

Product Characteristics 

Reliability Must-Run Special contracts with generator, voltage or congestion issue, non-

market solution 

Balancing Energy Four 15-minute schedules every hour, called over 15 minutes prior to 

start of schedule, load not allowed to supply 

Non-Spinning Reserves Offline, respond within 30 minutes, load allowed to supply 

Regulation Up/Down Respond within 10 minutes, online, grid electronically controls unit, 

load not allowed to supply 

Responsive Reserves 

(Spinning Reserves) 

Respond within 10 minutes, online, grid electronically controls unit, 

load allowed to supply 

Source: Telephone interview with Warren Lasher, Long-Term Planning Supervisor, ERCOT, Taylor, 

Texas, November 23, 2010. 

 

Because ancillary services are currently provided by thermal generators, ancillary service 

market rules make it difficult for energy storage to participate because their performance 

is fundamentally different than the performance of thermal generators. For example, 

ancillary service providers in ERCOT must be able to produce electricity for 1 hour 

because that is the period between when market bids are settled, but most small-scale 

technologies do not have this capability.
128

 The ancillary service entity must also have the 

ability to call power in for half an hour and power out for half an hour. If these were 

changed to units of 5-15 minutes, many more storage technologies could get involved in 

the market. Also, for grid issues that require fast response, some ramping is taken into 

account because of the sources, but this can be mitigated by other storage technologies, 

adding value to using storage technologies.
129

 This value is not recognized and 

incentivized in the current market, however. There are currently no categories in 

deregulated electricity markets for services that recycle energy, and this could create a 

whole new class of services.
130

 ERCOT has also seen an increase in ancillary service 

needs that can be directly attributed to additional wind generation.
131

 Ancillary service 

costs go into the cost of ERCOT services that are split between market participants, and 

the costs incurred by additional wind so far are negligible enough to avoid protest by 

non-wind participants. However, this could be an additional issue that may eventually 

cause wind generators to look into storage technologies in order to provide a more 

reliable source of power and reduce demand for ancillary services.  

Several other ISOs around the country recognize the value of new energy storage 

technologies in their ancillary service markets and are already adjusting their ancillary 

service rules to allow participation of these technologies.
132

 One option being explored by 

FERC and ISOs around the county is moving to ―pay-for-performance.‖ In this scheme, 

instead of buying a set number of megawatts ahead of time and then adjusting generation 

up and down, which can incur high costs, ISOs can ask for precisely what they need and 

pay for only that.
133

 Another issue that FERC and ISOs are looking at is splitting 

ancillary service fees in a way where generators do not share the same fee like the current 

system. For example, because the wind is so intermittent, large shifts in wind may cause 
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more ancillary service units to be dispatched. Wind farms currently have little incentive 

to improve this issue because their ancillary costs are shared amongst all generators. If 

wind farms and other renewable generators began to pay for a higher percentage of 

ancillary fees, they would be more incentivized to install a storage system to filter their 

power output to the grid.
134

 Without these regulations in place, there is currently only one 

wind farm owner in Texas that is installing storage units onsite to improve power 

output.
135

 

Another issue facing ISOs and public utility commissions around the United States is 

determining when energy storage should be considered generation and when it is a 

transmission asset. This distinction is critical because generation is owned by companies 

who generate electricity for profit by contracting power and participating in the electricity 

market, while transmission assets are cost recoverable with government dollars after 

being reviewed and classified as valuable by the public utility commission.
136

 This has 

been a black and white separation with almost any other technology, but energy storage 

technologies will fall into a gray area.
137

 At the federal level, the Federal Energy 

Regulatory Commission (FERC) is currently exploring ways to set regulations for cost 

recovery for energy storage, perhaps by creating a separate asset class for storage.
138

 The 

independent system operator of New York (NY ISO) already treats flywheels and some 

batteries as frequency regulators, in order to enable some cost recovery as a transmission 

project.
139

 ERCOT recognizes all of these issues and has already formed a Power Storage 

Working Group that has been meeting almost monthly since the summer of 2010. 

Implementing a nodal pricing system is the current priority in ERCOT, but nodal pricing 

begins on December 1, 2010, and it priority will phase out throughout the next year.
140

 

Nodal pricing can help evaluate storage needs though by identifying localized 

transmission congestion issues.
141

 ERCOT and the Public Utility Commission of Texas 

(PUCT) will surely revisit the issue of the large-scale battery in Presidio, which was 

installed to meet specific reliability needs, thus recovering costs from state funds. While 

the PUCT has stated that this set no precedent, as the wind capacity increased in Texas 

and more reliability issues arise, there could be more room for cost recovery of energy 

storage projects.
142

 Table 2.12 summarizes all of the market issues facing energy storage 

technologies. 

 

Table 2.12 

Electricity Market Issues for Energy Storage 

Ancillary service markets currently designed around thermal generation 

Ancillary service costs still split among all market participants even though wind requires more of 

these services 

Ancillary service markets require constant generation for at one hour 

Electricity markets do not award or categorize response times less than 5-10 minutes 

―Net Zero‖ devices require sophisticated modeling  

Electricity markets do not have a category for recycling energy  

Need distinction between storage technologies categorized with generation and storage technologies 

that are transmission assets 
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Finally, large progress cannot be made without standards and guidelines for technical 

specifications and grid interconnection guidelines. From the energy storage industry, 

partnerships between manufacturers, installers, and utilities will foster communication on 

these specifications and standards. The Institute of Electrical and Electronics Engineers, 

or IEEE, plans to meet throughout early 2011 to write guidelines for large-scale energy 

storage. These guidelines will be part of a broader effort to create standards for 

deployment of ―smart electric grids‖ over the next decade.
143

 Standards can be so crucial 

to the development of technologies, and electric vehicles have recently completed the 

process through meetings among the Electric Power Research Institute, the major 

American carmakers, and utilities from around the nation. Through this collaboration, 

standards were set for the connectors to charge electric vehicle batteries, allowing the 

charging infrastructure to be developed before electric cars start hitting the market in 

large quantities.  

In order to promote electric vehicles, the federal government has multiple incentives in 

place. For consumers interested in purchasing electric vehicles, federal tax credits of up 

to $7,500 are available, depending on the size of the battery.
 144

 This is very important 

seeing as the breakeven period of an electric vehicle depends heavily on two main 

factors: oil/gas prices and government incentives.
145

 An additional credit of up to $2,000 

can also be awarded for the purchase of home charging equipment.
146

 Grants at all levels 

of government could be created to help develop charging infrastructure. This raises the 

issue of what body bears the cost of the charging infrastructure, and this will likely be 

some combination of different levels of government, local utilities, and consumers.
147

 

Governments at all levels and utilities are also creating building standards and energy 

certifications that include standards for the number of vehicle charging stations needed.
148

 

State governments may be the most effective government bodies to make decisions about 

which entities are authorized to install charging stations.
149

 This decision will likely be 

coordinated with utilities, but most charging equipment is being developed by outside 

companies. One issue facing electric vehicle policy decisions at the federal level is the 

Departments of Energy, Transportation, Commerce, and Defense all have influence on 

vehicle electrification, while there should be only one office focusing on vehicle 

electrification affairs. 

Grants for other forms of energy storage and funding for improvements in manufacturing 

will drive down battery and vehicle prices through economies of scale, but another clever 

way to reduce the cost of the batteries is to develop a market for used vehicle batteries. 

While vehicle batteries may degrade past the point of being usable to run an automobile, 

it is likely that they can still perform several tasks on the electric grid. A federal 

ordinance that will lead to the production and adoption of electric cars are increasing 

vehicle efficiency standards. 

Among financial incentives to promote electrical vehicles are several initiatives by state 

and local governments around the country such as access to High Occupancy Vehicle 

(HOV) lanes, preferred parking, and charging stations located in public buildings, 

garages, and parking meters.
150

 From a city level, building codes for charging equipment 



43 

along with safety and reliability will all be major concerns for electric vehicle charging. 

Another option that city and state governments will have is replacing school bus fleets 

and other fleets of government vehicles with electric cars in order to reduce emissions. 

This also gives local utilities in those areas the advantage of seeing the effects that a 

concentrated number of electric vehicles has on the distribution grid long with an 

opportunity to test charging equipment and communication. It allows states and cities to 

stimulate the development of grid technologies, protocols, and practices that will benefit 

both EV owners and utilities.
151

 City and state governments should not only replace and 

expand current fleets, but they should also consider the environmental and economic 

benefits of switching to electrified public transit in the form of buses and railways. 

Replacing and expanding vehicles fleets with electric vehicles at all levels of government 

will be critical in the early stages of adoption of electric vehicles. In the private sector, 

delivery trucks and other vehicles with predictable driving patterns in city areas will have 

great opportunities to switch to electric vehicles for emissions reduction and fuel savings. 

The federal government could push this by expanding the vehicle tax credit to a higher 

amount for medium and heavy trucks.
152

  

Government role in early adoption is so crucial in part because of a need to educate the 

public over time about the benefits and transition to electric vehicles. Governments need 

to monitor and even play a role in the distribution of credible information about the value, 

benefits, safety and requirements of electric vehicles between vehicle manufacturers and 

consumers.
153

 And this information needs to be readily available for access by 

policymakers, business owners, and individual consumers. 

Effectiveness of Policies 

While the level of development varies per technology, most of the funding for utility 

energy storage went toward research and development and some demonstration projects. 

Now, some of the technologies that had been undergoing research and development need 

more funding for demonstrations or projects, while a lot of the technologies that were 

being demonstrated are in need of different forms of assistance. Many energy storage 

companies are ready to prove their technologies but could gather more customers with 

some sort of investment tax credit or loan guarantee. Particularly with battery production, 

investing in improved manufacturing processes will be an important driver in cutting 

overall costs.  

Several changes have occurred in ancillary service policies and protocols to make them 

open to faster reacting and ramping systems with two-way energy flow. Particularly in 

Midwest ISO and New York ISO, with these new protocols, there has been an increase in 

a variety of storage projects, and it will be interesting to see the overall effect on 

transmission and distribution with storage in place. ERCOT has developed an Emerging 

Technologies Working Group with an Energy Storage Working Group as a forum for 

storage companies to discuss plans for changes in protocols.  

The first groups of electric vehicles are currently being manufactured and sold around the 

country, so the buildup of a charging infrastructure will be moving swiftly over the next 
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year. Tax incentives are already promoting some early adoption of vehicles as well as 

infrastructure investment. Funding is coming in at all levels of government to ensure a 

safe and widespread charging infrastructure. As a result of these developments, pricing 

structures and charging controls need to be standardized during these early development 

stages. 

Discussion 

Despite the numerous advantages to implementing various energy storage methods, the 

worldwide amount of energy storage available in the electric power production sector is a 

mere three percent of the total electricity production capacity. In the United States 

specifically, the amount of storage available is only 2.5 percent of US production 

capacity, and this is almost exclusively pumped hydro.
154

 

The main reason behind the current low capacity of storage is a lack of available 

economic ways to store energy. The DOE projects that energy storage systems currently 

cost about $1,000 per kilowatt-hour on average, while $100-200 per kilowatt-hour is the 

price level sought after for true cost-competiveness for storage.
155

 Like many other 

technologies, cost is the main inhibitor of many energy storage technologies thriving 

commercially. However, these costs can be reduced through grants like those from 

ARPA-E and the ARRA.  

Natural gas is currently the dominant fuel source of power plants used to reach the peak 

load because its electricity production process can be ramped up and down with short 

notice. With new developments in obtaining natural gas, prices have plunged over the last 

few years, hurting the current economics for energy storage. In terms of emissions 

though, natural gas plants emit more greenhouse gases and incur high operating costs for 

inefficient usage that only spans a few hours of the daily peak in electricity demand.
156

 

With the past volatility of natural gas prices, a significant enough rise in price will make 

storage technologies much more attractive economically. 

Storage technologies are already useful in places with higher electricity prices, high 

percentage of renewables, or no connection to a large transmission and distribution grid. 

Some examples of these locations are islands like Hawaii and isolated areas like towns in 

northern Canada. Also, in the case of the town of Presidio in Texas, ERCOT and the 

PUCT deemed that a utility-scale battery was an appropriate transmission asset that 

deferred costs for new transmission and increased power quality in that area.
157

 The ISOs 

in New England and California have also launched energy storage pilot projects to help 

create models and determine the appropriate fit for energy storage in their electricity 

markets.
158

 

The first groups of electric vehicles are currently being manufactured and sold around the 

country, along with the rapidly developing charging infrastructure in many major cities. 

Pricing plans for vehicle charging are nearing their final stages of planning from utilities, 

and nearly every major car manufacturer will have one or more electric vehicles in its 

line within the next few years.  
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Lessons Learned  

Energy storage will become a much more important technology as renewable energy 

from intermittent sources increases. Until a larger amount of electricity comes from these 

intermittent sources, it remains to be seen how necessary storage will be. Most utility 

professionals can agree that storage technologies will improve power quality, but the 

issue is necessity.
159

 It is unlikely that all forms of energy storage can be classified as 

transmission assets or generation assets because different technologies can play many 

different roles, so these roles need to be defined by independent system operators in 

conjunction with state public utility commissions. 

Areas like west Texas with large amounts of wind may be very suitable for large-scale 

storage like pumped hydro and CAES. Both technologies are geographically limited, but 

CAES has not yet been explored around the United States while pumped hydro already 

exists in most of the ideal geographic locations for it. Ridge Energy and Grid Services as 

well as SECO have already studied many areas in west Texas and the midwestern United 

States for possible CAES implementation, and the value that a CAES facility can provide 

is still not quite in line with the capital and operating costs of the facility.
160

 This means 

that it is likely that large-scale storage like CAES will need to be shared amongst wind 

generation owners. By and large, most wind owners want to keep operating costs at a 

minimum, but higher ancillary service fees or more power quality regulation could lead 

to a cost-effective agreement amongst wind generation owners to own an energy storage 

unit that can regulate their generation. 

Another option is for large-scale storage to be owned by transmission companies, but this 

brings up the electric market issues associated with energy storage. There needs to be 

communication between energy storage companies, the federal government‘s energy 

regulatory bodies, state public utility commissions, and electric independent system 

operators about how energy storage should be classified as an asset and how energy 

storage should participate in the electricity market. Transmission needs are covered with 

state funding while generation plays into the electricity market, so a distinction needs to 

be made that categorizes energy storage as necessary for the stability of the power grid or 

a generation asset that must be competitive with the rest of the assets in the electric 

market. Many of the power regulation services, known as ancillary services that energy 

storage could provide are currently provided by generators. Therefore, in order for energy 

storage units to play into this market, standards for ancillary service providers that make 

sense for thermal generators need to be re-evaluated to fit both thermal generation and 

energy storage technologies. Along with these ideas, if energy storage is going to be 

integrated into current power systems, there should be mature development of codes and 

standards for storage interconnection with the transmission and distribution grid. 

Some storage technologies such as flywheels and certain types of batteries are already 

cost-effective for reliability needs on distribution systems. These would be great assets 

for a utility or distribution owner to look into for offsetting surges and other disruptions 

that can damage transformers and other power system equipment. These smaller-energy, 

high-power technologies also pair well with distributed solar generation. While solar 
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energy is still an intermittent resource, distributed solar generation gives more of a 

balance to this intermittency where centralized solar generation does not. Utilities should 

therefore promote distributed solar with grid power and some combination of flywheel 

and battery technologies at the distribution level to maintain power quality. Many states, 

like Texas, have adopted renewable portfolio standards but meet most of their goals 

through wind generation, so state legislatures should propose separate renewable 

portfolio standards that will promote and create markets for distributed solar generation 

and energy storage. 

Utilities should target population dense areas such as cities, universities, and large office 

buildings, to experiment with thermal energy storage. This would require not only a 

power grid infrastructure but also an infrastructure of heating and cooling elements as 

complex as newly developed solutions and materials or as simple as water. Much of this 

new infrastructure would replace the need for heating and cooling with natural gas. Many 

areas of Europe already use this model of distributed heat with central heat generation 

and chilling stations, and a properly designed thermal energy storage system can reduce 

electrical loads by 30-50 percent.
161

 With this efficiency, a large part of the advancement 

of thermal storage technologies will be educating the public and utilities on the variety of 

advantages as well as including thermal storage in building codes and efficiency 

certifications. 

Federal government funding for research and development of energy storage technologies 

will also be crucial. There are many storage technologies that are still in an experimental 

state and need funding in the form of research grants to develop ideas for products. Now 

though, there are also several companies that are nearing the end of the research phase for 

their products but are seeking funding for further product development, whether it be 

demonstration or manufacturing. This is particularly true for many companies developing 

grid and vehicle batteries, and this will be the most crucial area for funding in the near 

future for both technologies. These technologies need to be demonstrated in order to be 

widely adopted, and they also need to be cost-effective. One way to significantly reduce 

costs is through large-scale manufacturing, but there is still plenty of R&D that needs to 

take place in terms of battery manufacturing. Funding for development all the way 

through to manufacturing will notably reduce battery costs, sparking more adoption. A lot 

of this funding will come through branches of the Department of Energy, but that brings 

up an issue of bureaucracy at the federal level when it comes to electric vehicles. There 

are too many departments focused on different aspects of electric vehicle development, 

and it should be limited to one or two in order to provide a more focused effort to electric 

vehicle development. 

Utility executives and others in charge of planning grid storage will be familiar with 

many technologies, but when it comes to electric vehicles, credible information about the 

value, benefits, safety and requirements of electric vehicles is crucial.
162

 For both grid 

storage and electric vehicles, having this kind of credible information widely available to 

consumers, businesses, and policymakers will influence new policies in support of these 

technologies and encourage consumer adoption. While the utility and automobile 
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industries have been mature for decades, most storage and vehicle batter technologies are 

completely new and simply need organized information about their benefits. 

Because of this lack of information as well as consumer hesitancy toward new electric 

vehicle technologies, governments and companies with large fleets of vehicles will play 

an important role in the early adoption of electric vehicles. Vehicles used in fleets 

typically have more predictable driving patterns and do not need to travel an extended 

range very often. Utilities should promote fleet adoption because it grants them some 

organized experimentation into the effects of vehicle charging on demand and 

infrastructure, and studying this will also help determine prices for charging. Electric 

vehicles may still not be practical for some roles that require a lot of power, but many 

governments, organizations, and companies are interested in reducing their emissions by 

transitioning to electric vehicles. Entities like The University of Texas at Austin are 

interested in adopting more electric vehicles into their, fleet, but there is simply not 

enough funding.
163

 Governments at all levels should promote this by first setting the 

example and adopting electric vehicles into their fleets but also through mandates or 

incentives like tax credits, which will be important to early adoption among individual 

consumers as well. 

Not only will tax incentives promote electric vehicle adoption, these credits will be 

pivotal in the development of a vehicle charging infrastructure. It will take investment at 

all levels of government in order to build a charging infrastructure that will boost 

consumer confidence in purchasing an electric vehicle. Electric charging prices should 

remain much lower than the price for gasoline, so that will be benefit electric vehicles, 

but consumers must also feel confident that the utility will allow them to charge on a 

schedule and have their vehicle always charged and ready when it is needed. 
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Chapter 3.  Combined Heat and Power 

Executive Summary 

Energy efficient technologies such as combined heat and power (CHP) offer effective 

means to transform how the United States generates electricity. CHP produces electricity 

and recycles waste heat into thermal energy, thus accomplishing improvements 

inefficiency, reliability, and environmental impact in comparison to traditional sources of 

energy. Adoption of CHP has historically been impeded by several factors, primarily 

economic cost, unfavorable regulation, and the standard utility model. This section of the 

report explores CHP technology and assesses its benefits and challenges. It also provides 

policy recommendations to bolster adoption of this technology in the United States. 

The advantages of distributed generation have long been undervalued in the United 

States. According to the Federal Energy Regulatory Commission (FERC), the electrical 

grid in the United States is ―aging, inefficient, and congested, and incapable of meeting 

the future energy needs of the Information Economy.‖
 1

 Increased capacity from 

distributed generation could mitigate the load imposed on the electrical grid, as well as 

reduce maintenance and installation costs of transmission lines. The fact that no new 

transmission lines need to be constructed for distributed generation must be accounted for 

when weighing the costs and benefits of a CHP system (or any distributed generation). 

In addition to the benefits described above, CHP systems provide several benefits: 

 Efficiency between 50 and 80 percent compared with an average 33 percent for 

conventional power plants; 

 Thermal energy in addition to electricity; 

 Decreased greenhouse gas emissions in comparison with conventional forms of 

electricity production; 

 Reliability, especially in the face of unforeseen events such as natural disasters, 

due to their proximity to the point of demand; and 

 Decreased capacity stress on the electric grid. 

Despite the benefits that CHP technology can yield, economic and regulatory barriers 

impede wider adoption in the United States. Key barriers identified in this report include: 

 High capital costs; 

 Lack of expertise in power production by industrial actors who could benefit from 

CHP; 

 Lack of awareness of the technology; 
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 Competing interests between CHP developers and electric utilities; and 

 Ineffective regulation, including lack of interconnection standards and punitive 

standby rates. 

In addition to high capital costs, regulation hinders adoption of CHP. To foster a greater 

role for CHP in the country‘s energy mix, policymakers and utilities must consider: 

 Standard interconnection rules; 

 CHP-friendly standby rates; 

 Net metering; 

 Financial incentives for CHP such as grants or low-interest loans; 

 CHP inclusion in Renewable Portfolio Standards (RPS) or an alternative method 

of recognizing emission credits for this technology; and 

 Emissions regulations that recognize overall emissions reductions of CHP 

systems compared with conventional generation. 

This chapter explores the history of CHP, how the technology works, its benefits and 

challenges, and the regulatory structure affecting CHP. Further, a case study of a small 

business seeking to implement CHP at the micro level is undertaken to understand the 

business environment in which CHP operates. In the broader context of global warming 

and other negative externalities imposed by pollutants, as well as continued stress on the 

United States electrical grid and ever-increasing demand for electricity, measures of 

energy efficiency coupled with distributed generation become increasingly important. 

CHP has the potential to make a profound impact for energy efficiency and distributed 

generation in the United States.  

Introduction 

CHP refers to a set of mature technologies involving the generation of both electricity 

and thermal products (e.g., heat, steam, or distilled water) through the burning of a single 

fuel that can be used directly or for the generation of additional power. In effect, CHP 

reuses hot exhaust gases to deliver efficiency yields primarily between 50 percent and 80 

percent.
 2

 Energy efficiency is defined as the heat value of useful outputs versus the heat 

value of input fuel.
 
This high efficiency exceeds the performance of a conventional power 

plant that wastes most of the energy it generates in the form of hot exhaust gases achieves 

an average efficiency of only 33 percent.
3
 

A CHP plant achieves the greatest efficiency when it can use the thermal products in 

buildings it supports, particularly when the demand for thermal energy is stable. For 

example, The University of Texas at Austin (UT) ―can produce up to 110 Mega Watts 

(MW) of electricity at 12-kV and 4.16-kV, 1.1 million lbs/hour of steam at 425 psi, 

http://www.aceee.org/sector/state-policy/toolkit/chp/interconnection
http://www.aceee.org/sector/state-policy/toolkit/chp/standby-rates
http://www.aceee.org/sector/state-policy/toolkit/chp/financial-incentives
http://www.aceee.org/sector/state-policy/toolkit/chp/eers
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700°F, and 40,800 tons of chilled water using electric and steam turbine driven chillers.‖
4
 

Further, since 1928 the system is able to operate independent of the Texas electrical grid. 

The UT system provides 100 percent of the power, cooling, and heating needs for a 

campus of 75,000 persons with a natural gas CHP plant. The plant operates at 87 percent 

efficiency over the course of a year, enjoys 99.99 percent reliability, saves UT Austin at 

least 153 million gallons of water, and returned the university‘s carbon emissions level to 

what they were in 1977, about 225,000 tons of CO2 per year.
5
  

CHP can deliver efficiency, reliability, and substantially lower CO2 emissions for 

consumers who have a consistent demand for electricity and thermal energy. However, in 

the United States the technology is not as widely used as its benefits might warrant. High 

capital costs and state policy often obstruct adoption of CHP. These and other reasons 

will be described in detail below.  

Despite the barriers, according to the US Department of Energy CHP technology is 

―installed at more than 3,500 commercial, industrial, and institutional facilities across the 

nation, improving energy efficiency, ensuring environmental quality, promoting 

economic growth, and fostering a more robust energy infrastructure. CHP systems today 

represent 85 gigawatts (GW)—or almost 9 percent—of the nation‘s total electricity 

capacity.‖
6
  

European CHP users have a long history of incentives for energy efficiency and in recent 

years have begun widespread adoption of energy-efficient technologies. The European 

Union‘s (EU‘s) ratification of the Kyoto Protocol in 2002 has increased adoption of CHP 

technology, as it binds the EU to reduce greenhouse gas emissions by at least 8 percent 

by 2012.
7
 In the case of Denmark, another key driver is the political will to achieve 

energy independence, initially spurred by the 1973 Arab oil embargo.
8
 CHP production is 

one of the reasons Denmark attained its goal of energy independence, as it represents 55 

percent of total electricity production as a share of consumption.
9
 Further, CO2 emissions 

emanating from energy consumption decreased nearly 20 percent between 1990 and 

2009.
10

  

Given the benefits of efficiency and greenhouse gas emissions reductions, by 2030 the 

US Department of Energy aims for CHP technology to represent 20 percent of the United 

States‘ total electricity capacity, an increase of more than 10 percentage points in 20 

years.
11

 Texas has taken the lead in the United States in its implementation of CHP. 

According to a 2008 study commissioned by the Public Utility Commission of Texas, the 

state leads the way ―with an estimated 135 facilities currently operating CHP systems 

capable of producing 17,333 MW of power.‖
12

  

History of CHP in the United States 

The first commercial power plant in the United States was Thomas Edison‘s Pearl Street 

station, which began operation in 1882. The station used CHP technology to produce 

direct current (DC) and provide lower Manhattan with electricity and steam for 

manufacturing.
13

 Despite its capacity for multiple outputs (electricity and steam), DC 
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exhibited limited transmission capacity. In effect, the power plant could only send 

electricity and steam over distances of about a mile before it began to lose power.
14

 

In 1887, Nikola Tesla introduced high-voltage alternating current (AC), which could 

carry electricity over long distances without losing power. The industrialist George 

Westinghouse saw great potential in AC and purchased the patents. Stated simply, AC 

enables economies of scale and lowers the cost of electricity generation by powering 

multiple buildings from a central station. AC eventually gained acceptance and the 

modern utility model was born. Large central power stations spread throughout the 

country given their ability to transmit electricity over long distances. In the meantime, 

―CHP became a limited practice among a handful of industries (paper, chemicals, 

refining, and steel) that had high and relatively constant steam and electric demands.‖
15

 

Prior to 1907, power plants were under the jurisdiction of municipal regulations which 

required electric companies to purchase permission (franchise) from a city in which they 

wished to operate.
16

 According to Richard Geddes, ―cities often issued multiple 

franchises and allowed market forces to determine prices, outputs, capacity requirements, 

and firm survival.‖
17

 However, laws passed between 1907 and 1914 created state 

commissions with ―the power to convert existing franchises to ‗indeterminate 

franchises.‘
18

 Under state rules a municipality could terminate a franchise by buying the 

assets of the utility. The state commission could establish entry control through a 

‗certificate of public convenience and necessity‘ to fix rates, and to regulate capacity 

additions and the issuance of securities by the utility.‖
19

 In effect, the new regulations 

created barriers to entry into the electricity market, decreasing market competition in the 

sector and encouraging the development of large, centralized utilities which had the 

effect of undermining CHP development for years to come.  

Since profit margins of utilities were based on the cost of service,
20

 the system worked as 

long as fuel prices were cheap. However, issues arose when fuel prices increased. Like 

Denmark, the US federal government attempted to promote energy independence when 

oil prices spiked in the 1970s by fundamentally restructuring the country‘s energy policy. 

In 1978, Congress passed the Public Utility Regulatory Policy Act (PURPA).
 21

 PURPA‘s 

goal was to reduce the United States‘ dependency on foreign oil by encouraging the use 

of alternative fuels for generating electricity.
22

 The law ―required utilities to buy power 

from independent power producers (mostly small generators, or ones using renewable 

energy sources) at a price approved by regulators.‖
23

 Any increases in costs as a result of 

the switch were passed to the final consumer in the form of higher electricity rates.
24

  

In effect, PURPA created a market for power producers, such as CHP plants, which 

operated outside the utility system by forcing the utilities to buy power from such 

producers at their ―‗avoided cost,‘ which was the cost the electric utility would have 

incurred were it to generate or purchase from another source.‖
25

 PURPA changed the 

economics of CHP and encouraged greater adoption around the country. Companies built 

CHP plants that could serve their electric and thermal needs and excess power could be 

sold to the local utility. PURPA‘s effect was also mixed, as each state interpreted its 

regulations in its own manner. The confusion and alternative interpretations of PURPA is 
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one reason CHP‘s implementation has varied state by state. However, CHP‘s growth after 

the implementation of PURPA cannot be denied, as ―installed CHP capacity grew from 

roughly 2,000 MW in 1982 to more than 6,000 MW by 1987.‖
26

 Growth was steady 

through the 1990s and ―jumped from about 9,000 MW to more than 17,000 MW between 

1998 and 2005.
27

 However, growth began slowing in 2002 due to deregulation. For 

example, according to a study commissioned by the Public Utility Commission of Texas, 

the rules in the restructuring of Texas‘ electricity market no longer required a local utility 

to buy the excess power generated by a CHP system. In addition, the commission ―also 

changed the avoided cost calculation used to price the CHP power in the non-ERCOT 

areas in 2004, which made the economics of CHP facilities less attractive.‖ 
28

 

Technology Overview  

CHP generates electricity and thermal energy (in the form of heat, steam, or chilled water 

for cooling) from a single source of energy at or near the point of demand.
29

 The 

technology is versatile; feasible sources of power include natural gas, coal, wood, waste, 

oil, and biomass. As of 2011 natural gas is the most used fuel for CHP. Nearly 70 percent 

of CHP plants around the world are fueled by natural gas
30

 and in Texas the figure surges 

to 90 percent (Figure 3.1).
31

 Given the predominance of natural gas over other fuels, this 

paper will focus on CHP plants that use natural gas as their main power source. 

 

Figure 3.1 

Breakdown of Fuels Used in CHP Plants Across the United States 
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Source: United States Department of Energy, Gulf Coast Clean Energy Application Center, CHP Fuels. 

Online. Available: http://www.gulfcoastcleanenergy.org/CleanEnergy/CombinedHeatandPower/ 

Fuels/tabid/1790/Default.aspx. Accessed: September 29, 2010. 

 

Figure 3.2 below illustrates the ―family‖ of CHP technologies. Though the cogeneration 

side of the tree is often discussed in the implementation of CHP technology, processes 

can be de-linked from typical cogeneration, creating a suite of technologies related to 

CHP.  

 

Figure 3.2 

Family of Combined Heat and Power Technology 

Source: Class presentation by Daniel Bullock, Director, Houston Advanced Research Center, at the Lyndon 

B. Johnson School of Public Affairs, Austin, Texas, October 19, 2010. 

 

Combined Heating/Cooling and Power 

Combined heating and power (or combined cooling and power) burns natural gas or other 

types of fuel through an electrical generator (e.g., a gas or steam turbine, oil or diesel 

engine, fuel cell, or other prime mover). The generator burns the fuel to generate hot 

gasses that drive a turbine to produce electricity. Unlike conventional power plants, 

which waste most of the thermal value of the fuel as heat, a CHP plant captures the heat 

released through the electricity generation process, recycles it through a boiler, and 

converts it into heating and/or cooling. The heat released through the generation process 



63 

can also be used directly. According to Deutsche Bank Research, approximately ―87 

percent of the natural gas input arrives as energy at the customer‘s location, with 36 

percent going into the electricity supply and 51 percent into heat.‖
32

 Only about 20 

percent of the power generated by a CHP plant exits the process as waste heat, compared 

with 55 percent of the power generated by a conventional power plant.
33

 These figures 

vary with the type of system in place and the amount of electricity and thermal needs of 

the end-customer. CHP plants are often located close to the final consumer in order to use 

recycled heat and capture these efficiencies. Figure 3.3 illustrates the efficiency 

differences between a CHP and conventional power plant. 

 

Figure 3.3 

Conventional Versus Combined Heat and Power Generation 

 

Source: 4 Thought Energy, How it Works. Online. Available: http://4thoughtenergy.com/how_it_ 

works.html. Accessed: November 16, 2010. 

 

Surplus Heat Recovery 

Surplus heat recovery is a process whereby a portion of the heat energy produced by fuel 

combustion for power generation is reused directly for a purpose other than the initial 

production of electricity. Because the source of energy is waste heat, no additional 

pollution is produced. Heat recovery is therefore a reliable, ―clean‖ energy source by 

which an industrial or manufacturing company can reduce pollution and save on energy 

costs. According to the DOE‘s Gulf Coast Clean Energy Application Center, three 

components are essential to the adoption of this type of system: an accessible source of 

waste heat (such as production exhausts, process exhausts, hot gases from drying ovens, 

or cooling tower water); a recovery technology (such as a regenerator, recuperator, 
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economizer, waste heat boiler, thermoelectric generator, etc.); and a use for the recovered 

energy (such as electricity supply, domestic hot water, preheating, or combustion air).
34

  

Heat recovery reduces pollution and increases the efficiency of heat-producing 

enterprises. As such industrial process represents one-third of the electricity consumption 

in the United States, the potential efficiencies are substantial.
35

 Enterprises, however, 

may be reluctant to commit the initial capital required to implement a heat-recovery 

system despite the increased reliability and potential to reap significant cost savings in 

the long run.  

Steam Pressure Drops 

CHP technology can also use steam turbines to produce electricity via the Rankine cycle. 

Water, or another type of fluid coolant, is pumped through a system, heated to boiling (or 

superheated) creating pressurized steam. Steam then moves through a turbine where it is 

either used to create electricity or directly used in an industrial process. According to the 

DOE‘s Gulf Coast Clean Energy Application Center, there are three types of steam 

engines that use this process. Condensing steam turbines can ―exhaust directly to the 

condensers that maintain vacuum conditions at the discharge of the turbine. Typical use is 

at central power generation plants where maximum power and electrical generation 

efficiency is desired from steam supply and boiler fuel.‖
36

 Back-pressure turbines ―are a 

non-condensing type, and exhaust the entire flow of steam to the industrial process or 

facility steam at conditions close to process heat requirements. The discharge pressure 

depends on the type of CHP application, such as district heating or industrial 

processes.‖
37

 Extraction turbines ―extract a portion of the steam at some intermediate 

pressure before condensing the remaining steam. The regulated extraction permits more 

steam to flow through the turbine to generate additional electricity during periods of low 

thermal demands.‖
38

  

The Rankine cycle displayed in Figure 3.4 shows how a low-pressure, cool liquid is 

pumped through a system and converted to a high-pressure vapor with the use of a fuel 

such as natural gas. The higher-pressure vapor moves a turbine to create electricity while 

discharged heat is released to be used by the consumer in the form of steam.  
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Figure 3.4 

Rankine Cycle 

 

Source: Transpacific Energy Inc., Organic Rankine Cycle. Online. Available: http://www.transpacenergy. 

com/. Accessed: October 31, 2010.  

 

Combined Cycle 

Combined cycle systems use ―steam generated in the heat recovery steam generator 

(HRSG) of the gas turbine which is used to drive a steam turbine to yield additional 

electricity and improve cycle efficiency.‖
39

 CHP technology works best when there is a 

constant demand for energy, as well as use for thermal energy in the form of steam, 

electricity or heat. For this reason, CHP plants typically power buildings with high, 

constant electricity and heating or cooling needs such as hospitals, university campuses, 

or manufacturing plants in the energy and food processing sectors (see Figure 3.5).  
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Figure 3.5 

CHP Installation in the US by Sector 

 

Source: US Department of Energy, Combined Heat and Power; A Vision for the Future, p. 3. Online. 

Available: http://www1.eere.energy.gov/industry/distributedenergy/pdfs/chp_accomplishments_ 

booklet.pdf. Accessed: November 18, 2010. 

 

Benefits of CHP 

In addition to the recycling of heat and energy efficiency mentioned above, CHP plants 

provide a reliable source of energy given their proximity to end customers, are a proven 

and simple technology, and operate using natural gas; a stable and widespread source of 

energy. Past fluctuations in the price of natural gas have been an impediment to installing 

these types of systems, as well as traditional gas-powered plants. However, the current 

(relatively) low price of natural gas and improvements in its capture provides a more 

stable outlook for the near future. Additionally, futures contracts and other types of 

financial derivatives can mitigate fluctuations in price for up to five years at a time. Table 

3.1 illustrates the fluctuations in the price of natural gas over the last three decades. The 

price per thousand cubic feet peaked in 2005 at $8.12 and dropped to $4.19 in 2009. 

Chemicals

30%

Refining

17%

Paper

14%

Commercial/Institutional

12%

Food

8%

Other 

Manufacturing

8%

Other 

Industrial

6%

Metals

5%



67 

Table 3.1 

Natural Gas Prices 1980-2009, Price of U.S. Natural Gas Imports 
(Dollars per Thousand Cubic Feet) 

 1980s 1990s  2000s 

Year 0  1.94 3.95 

Year 1  1.83 4.43 

Year 2  1.85 3.15 

Year 3  2.03 5.17 

Year 4  1.87 5.81 

Year 5 3.21 1.49 8.12 

Year 6 2.43 1.97 6.88 

Year 7 1.95 2.17 6.87 

Year 8 1.84 1.97 8.69 

Year 9 1.82 2.24 4.19 

Source: United States Energy Information Administration, Annual Price of U.S. Natural Gas Imports. 

Online. Available: http://www.eia.gov/dnav/ng/hist/n9100us3a.htm. Accessed: November 18, 2010. 

 

Deployment of CHP technologies present a wide array of efficiency, economic, and 

environmental benefits valuable to a variety of stakeholders; including facility owners, 

electric utilities, the environment, and society at large. In ―Crossing the Energy Divide‖ 

Ayres and Ayres argue that ―the fastest way to achieve US energy independence and 

sharply cut carbon emissions is to leave the old system in place a while longer—investing 

in short-term modifications that can greatly increase the total output of useful work with 

existing fuel inputs and simultaneously reduce the output of greenhouse gas emissions.‖
40

 

Because CHP systems recycle wasted heat, produce clean energy, use conventional 

technology, and can be built quickly, CHP could become a crucial component for the US 

goals to become energy independent and reduce greenhouse gas emissions. Further, CHP 

and other types of distributed generation can alleviate capacity stress on the electric grid. 

The following section provides a detailed overview of the key benefits of CHP. 

Efficiency 

Producing energy with CHP systems has several potential benefits. Due to their ability to 

recycle heat, they are generally much more efficient than conventional power plants. This 

efficiency reduces CO2 emissions because many CHP systems run on natural gas, a much 

cleaner source of energy than coal, and because the system requires less units of fuel for 

each output of electricity production. As CHP systems are often located next to their 

point of demand, they are less prone to unexpected outages and have the ability to 

withstand extreme weather events.  

According to a 2006 study by the Gulf Coast CHP Application Center, ―CHP systems are 

often 2-3 times more energy efficient than purchasing heat and power separately.‖
41

 

Long-term, this can translate into significant savings for businesses with energy-intensive 
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operations.
42

 Businesses that stand to benefit the most from CHP investments typically 

have facilities with continuous operations, coincident electrical and thermal loads, low 

seasonal variation, and high power reliability needs.
43

 At the global level, the 

International Energy Agency (IEA) estimates that if ―future demands for new capacity 

were to be met by adopting CHP, but without significant changes in the laws, global 

savings in capital costs would be $795 billion.‖
44

 The US share could be between $100 

and $200 billion.
45

 Wider use of CHP and other energy efficient technologies have the 

potential to put downward pressure on energy prices as less fuel is used to power 

buildings and facilities.  

Lower Greenhouse Gas Emissions 

Another key benefit of CHP technology is the ability to lower greenhouse gas emissions 

due to its efficiency. According to the DOE:  

…If the United States were to adopt high-deployment policies and achieve 20 

percent of electricity generation from CHP by 2030, the nation could save an 

estimated 5.3 quadrillion Btu (quads) of fuel annually, the equivalent of nearly 

half the total energy currently consumed by US households per year. Through 

2030, such policies could also generate $234 billion in new technology 

investments and create nearly 1 million technical jobs throughout the United 

States. CO2 emissions could be reduced by more than 800 million metric tons 

(MMT) per year, an emissions impact similar to taking more than half of current 

passenger vehicles off the road.46 

The BP co-generation plant in Texas City, for example, operates at 78 percent efficiency 

and uses 33 percent less fuel than purchasing electricity and thermal energy separately.
47

 

In terms of emissions, BP has reduced NOx emissions by 53 percent and achieved annual 

CO2 reductions of about 1.94 million tons.
48

 

In addition to the efficiency benefits inherent to a CHP system, burning natural gas is 

much cleaner than coal-fired plants. According to the Environmental Protection Agency, 

the burning of natural gas, when compared with coal, produces ―half as much carbon 

dioxide, less than a third as much nitrogen oxides, and one percent as much sulfur oxides 

at the power plant. In addition, the process of extraction, treatment, and transport of the 

natural gas to the power plant generates additional emissions.‖
49

 

In certain states,
50

 the electricity generated by a CHP plant can qualify as part of a state‘s 

renewable portfolio standard (RPS). In Texas, CHP systems fired by renewable resources 

such as biomass could earn Renewable Energy Credits (RECs).
51

 Other government 

incentives include investment tax credits introduced by the Energy Improvement and 

Extension Act of 2008 (EIEA) and expanded by the American Recovery and 

Reinvestment Act of 2009 (ARRA) which ―provides billions of dollars in funding 

opportunities for CHP and waste energy recovery.‖
52

 Installation and use of CHP 

technology could enable a building to earn points for Leadership in Energy and 

Environmental Design (LEED) certification. 
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In addition to reducing pollution in the form of greenhouse gas emissions, CHP 

technology reduces demand for water. Indeed, ―the Department of Energy and the 

Environmental Protection Agency estimate that the use of small and medium sized 

natural gas-fueled CHP reduces water use by 90 percent, compared to the average power 

plant‘s water use in Texas.‖
53

 

Reliability 

Due to their proximity to the point of demand and the reliability of natural gas supplies, 

buildings powered by CHP are a constant source of power even in the face of unforeseen 

events. Indeed, ―because natural gas is distributed in underground pipelines and 

compression stations…CHP system owners and users can count on natural gas being 

available nearly all the time.‖
54

 Further, CHP systems can be designed to operate on two 

fuels, adding another layer of reliability to the system.
55

 In case of a natural disaster, 

buildings powered by CHP plants are able to mitigate economic or social losses by 

avoiding power outages or interruptions. 

When Hurricane Katrina hit New Orleans the city suffered severe power outages. At one 

point, ―2.75 million Entergy customers in Louisiana, Mississippi, Alabama, and Florida 

were without power.‖
56

 Despite the difficult circumstances brought on by the storm, the 

Tulane University CHP plant was able to operate during this entire period due to the 

reliability of the distribution of natural gas and CHP technology.
57

 Similarly, when 

Hurricane Rita made landfall in the Gulf of Mexico, Mississippi Baptist Hospital used a 

CHP backup system for its power needs and was able to continue operations.
58

 In 

contrast, Memorial Hermann Baptist Hospital in Beaumont, Texas, was unable to operate 

for one week. 

For energy-intensive businesses, continuous power reliability may be crucial for 

operational success. A study by the Lawrence Berkeley National Laboratory estimates the 

cost of power interruptions in the United States to be on the order of $80 billion per year, 

and that momentary interruptions account for $52 billion of such an economic loss.
59

 

Getting power from a CHP system can improve business operations given the reliable 

source of power supply. In addition, CHP can help businesses to remain competitive in 

the face of extreme weather events such as hurricanes. Thus, the reliability of a CHP 

system can improve a businesses‘ overall productivity.  

Quick Construction 

According to the Gulf Coast CHP Application Center, a small CHP project (about five-

MW capacity) takes two to three years to negotiate, design, and install. The sales process 

takes about one to two years, and the remainder of the time is used for design and 

construction. Unlike most other types of energy technologies and because of CHP‘s 

proximity to the point of demand, CHP systems may not have to wait for the installation 

of transmission capacity.
60

 Thus, from a utility‘s perspective it can build capacity more 

quickly and can potentially reduce construction finance costs compared with building a 

conventional power plant, in addition to the benefit of reduced transmission costs.
61

 This 

is a benefit of distributed generation in general.  
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Given CHP systems‘ efficiencies, construction of CHP plants has the potential to reduce 

energy consumption and carbon emissions. Indeed,  

…if no new central plants are built and half of the old ones are phased out and 

replaced by CHP, half of the industry‘s 900 GW capacity could shift from 33 to 

60 percent efficiency—increasing total US electric power by roughly one-third, 

while cutting emissions by one-third and using no additional fossil fuel.
62

  

Challenges of CHP  

Despite all its benefits, CHP technology faces economic, business, and regulatory 

challenges that impede wider adoption. These include high capital costs, competing 

business priorities, high operating costs, and volatile fuel prices. Further, CHP 

installation does not make economic sense in all cases. In order for a CHP system to be a 

cost-effective option, the facility should meet certain characteristics including constant 

and coincident demand for power and thermal energy. The section below describes some 

challenges to wider development and adoption of CHP technology.  

High Capital Costs 

A new gas-fired CHP system‘s capital costs could be as high as $1,300/kW of capacity, 

or even more.
63

 Capital costs can also vary by the type of CHP technology installed and 

the size of the generating unit.
64

 Gas turbines, for example, can cost $1,000/kW for 50 

MW CHP systems or $5,000/kW for CHP systems of 1 MW or less.
65

 Reciprocating 

engines cost about $1,000/kW regardless of size.
66

 Fuel cells are the most expensive 

component of a CHP system, with a price tag of $5,000/kW or more.
67

 The Gulf Coast 

CHP Application Center estimates that a ―5 MW system for a mid-sized hospital could 

require [investment of] upwards of $6.5 million. Additional functionality including 

extensive absorption chilling, chilled water storage, complex critical load circuits could 

drive the costs higher.‖
68

 Financial institutions may consider a CHP installation as a high-

risk investment, and therefore access to low-cost financing may be difficult to obtain.
69

 

Power Production is Not a Core Business Activity 

Most businesses do not have expertise in power generation nor is it a core goal of their 

operations. Thus, many prefer to outsource power production to a local utility and accept 

the appropriate user rates. Businesses seeking to manage their own power supply may 

encounter several challenges including: 

 Limited experience operating and maintaining prime movers, generators, and 

thermal equipment like absorption chillers; 

 Limited knowledge of fuel contracts and fuel cost management; 

 Concern over noise, vibration, emissions, and community relations; 

 Insufficient space for the equipment and cooling towers;  
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 Limited availability or high cost of water.
70

 

Lack of in-house expertise in power production, and the externalities that may arise in the 

management process, act as a powerful barrier for wider CHP adoption. Also, companies 

may be hesitant to spend resources training personnel in areas outside of its core business 

activity. Advocates of CHP may also encounter resistance given high capital costs, 

limited space, the difficulty of measuring the return on investment, and the complexity of 

developing a CHP project. The latter includes an iterative and time-consuming process of 

screening and analyzing a facility for CHP compatibility and obtaining appropriate 

permits.
71

 

Competing Interests and Inefficient Regulation 

Many regulated utilities view CHP owners as competition,
72

 even if it is ―imbalanced,‖ 

because CHP projects depend by law on the utility industry for their operation. Given the 

power of the electric utility to advance or obstruct a CHP project, developers and/or 

owners of potential CHP systems must involve the utility from the beginning of the 

project in order to legally install a system. 

CHP systems must be connected to the electric grid as a backup mechanism in case of an 

emergency. Therefore, an Interconnection Agreement must be developed by the CHP 

system developer and the electric utility. Since the utility does not typically control the 

CHP system, one of its interconnection concerns is the impact of the CHP system on grid 

stability and safety.
73

 Despite the availability of technical solutions to this problem, 

―utilities can use these issues to delay the Interconnection Agreement or to add additional 

costs to the project for redundant safety equipment.‖
74

 

Further, CHP plants depend on the electric utility for power supply when the system is 

off for maintenance or when the user demands more power than the CHP system can 

generate. As a result, the utility must be ready at all times to provide additional power, 

and thus charges CHP systems ―standby rates.‖ Such rates are typically charged per kW 

production and on a monthly basis; but ―few rules exist on how standby charges are 

calculated giving utilities substantial flexibility to make the standby rate punitive.‖
75

 

On paper, PURPA reduced barriers to CHP. In practice, however, utilities can influence 

the development and adoption of CHP by creating complex or expensive technical or 

economic barriers that can impede CHP growth. 

CHP systems often do not qualify for the emission credits that their efficiencies may 

warrant, even though CHP technology reduces energy consumption by recycling heat that 

would otherwise be discharged into the atmosphere. Often, the fuel sources used to fire 

up CHP systems are cleaner than the ones used by conventional power plants. Thus, a 

CHP plant emits less greenhouse gases for the same amount of power produced by a 

conventional power plant. However, reduced emissions may not be rewarded by current 

regulation.  
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At the state level, regulations differ on how to recognize thermal energy. Oklahoma and 

Louisiana, for example, do not allocate any value to the production of thermal energy in 

their emissions permit requirements.
76

 Texas‘ rules, on the other hand, ―allow heat to be 

converted to an electrical equivalent at the rate of 1 kWh per 3,412 Btus of heat 

utilized.‖
77

 

High Operating Costs, Compared to Buying Electricity from the Local Utility 

Utilities often operate with economies of scale given their large size, commodity 

purchasing power, fuel switching capabilities, and capital resources, such as access to 

low-cost capital.
78

 In Texas, for example, the median generating capacity of CHP systems 

is less than 40MW, which mitigates facilities‘ ability to take advantage of the same 

economies of scale reaped by large utilities.
79

 Operating costs are especially high for 

facilities that are not well-suited for CHP. Such facilities typically do not have continuous 

operations, coincident electrical and thermal loads, low seasonal variation, or high power 

reliability needs. 

Volatility of Natural Gas Prices 

In the early 2000s, volatility in the price of natural gas hindered wider adoption of CHP 

technology as price uncertainty increased the operating cost of the systems. Thus, the 

expected price of natural gas, and specifically the ―spark spread,‖ directly impact 

adoption of CHP. The spark spread is the ratio of the retail price of electricity to the price 

of natural gas; ―high spark spreads generally support CHP development, while low spark 

spreads generally hinder CHP adoption.‖
80

 

As of 2010, current energy prices were low and seemed stable due to increased 

technology and vast natural gas deposits in the United States. Yet, improvements in the 

capture of natural gas provide a rosy outlook for this part of the sector; and as mentioned 

in the ―CHP Benefits‖ section, savvy investors can use financial instruments to mitigate 

price volatility and uncertainty. 

Lack of Public Awareness 

Despite the age of the technology, public awareness for CHP has not yet reached the level 

of solar or wind power generation, and has therefore impeded its growth. Anecdotal 

evidence has shown that the average consumer is not aware of CHP technology, nor the 

benefits it can provide in the pursuit of ―green‖ energy. James Collins, director of on-site 

energy resources at Austin Energy, reflected on Austin‘s push for renewable energy 

production: 

Austin Energy tries to reflect its customers‘ values. We‘ve got a very active, 

green, environmentally-oriented community…Those are the people that show up 

to the public meetings. We also have a component…they just want it cheap. It‘s a 

delicate balance to do that…. [Increase in solar power generation] is directly 

attributable to voices in the community and the solar industry talking to their 

council members, and then it rolls downhill through the bureaucracy.
81
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It is clear that active constituent participation on the behalf of solar power had an 

immense impact in Austin. There is no reason to think similar passion for energy 

efficiency, and technologies such as CHP, would be any different: 

If there were people out there demanding it [CHP], then sooner or later we‘d 

probably bring in more of it…at the same time the folks demanding it are going to 

have to remember that they‘re just a portion of our stakeholders. I hope our 

generation mix reflects our customer base.
82

 

Thus, active participation in the civic community and greater awareness of the benefits of 

CHP can, over time, increase the adoption of CHP. 

Case Study: 4 Thought Energy 

In order to help articulate the benefits and risks of CHP, it is useful to consider a real-

world case study. 4 Thought Energy is a small start-up based out of Illinois that seeks to 

install CHP systems in the commercial sector. This section will examine how 4 Thought 

was formed, the business considerations that led to adoption of CHP technology, and a 

CHP generator the company has installed in a Northwest Indiana quick-serve restaurant. 

Through the lens of this small company, some of the issues affecting the adoption of this 

technology will come to light.
83

 

In April 2009, a small business investor named Michael Strauss was approached by 

energy expert David Dwyer with an idea to sell micro CHP units to residential 

consumers. To assess the idea, Mr. Strauss called on the help of Robert Borden, a long-

time consultant and entrepreneur, and Ken Harris, an expert in the adoption of new 

technologies from the perspective of venture capital. They soon realized that while small-

scale, residential-based projects would be a difficult business model to undertake and 

keep profitable, the business sector held greater promise for CHP technology. One limit 

to this approach is that there are few businesses willing to pay a large upfront investment 

to realize benefits far in the future, even if their energy consumption is ―greener.‖ From 

May 2009 through January 2010, 4 Thought began conversations with what would 

become its first client, a quick-serve restaurant franchise in Northwest Indiana.  

A key element of 4 Thought‘s business model is pricing. 4 Thought developed a way to 

place most of the risk on themselves while guaranteeing cost savings for their customer. 

They do this through a discount mechanism, whereby 4 Thought calculates what their 

customer would have paid to the utility, and subtracts an agreed upon percentage. This 

amount is what 4 Thought‘s client pays on a monthly basis. The efficiency of CHP, as 

well as the sale of heat (or cooling), would theoretically make up the differential to keep 

4 Thought profitable. Another key element of 4 Thought‘s business model is to cover all 

capital costs of the CHP system for their customer, nullifying a central concern of most 

business entities. The well-documented efficiency of CHP gives 4 Thought confidence 

their business model will be successful.  

The company faces three major cost uncertainties: 
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 The cost of natural gas; 

 The cost of power provided by utility (not provided by 4 Thought); and 

 Maintenance costs.  

The cost of natural gas comprises the company‘s major cost, around 75 percent, with 

maintenance costs making up about 20-25 percent of the remaining cost.  

4 Thought carefully deliberated over which CHP prime mover would be best to mitigate 

maintenance costs. Every time a machine shuts down for maintenance, 4 Thought incurs 

the major cost of maintenance plus fees incurred for delivery of conventional energy 

provided by the utility. The longer 4 Thought‘s machines can be up and running without 

maintenance, the better 4 Thought‘s profitability in both the short and long-term. 

With these considerations in mind, the company selected a reciprocating engine. A 

reciprocating engine, in contrast with ―jet engines‖ used by other CHP machines, has 

lower upfront capital costs and lower long-term maintenance costs, which match more 

appropriately to the smaller installations that 4 Thought is focusing on. The reliability and 

functionality of these engines is also well documented. Figure 3.6 below demonstrates the 

reciprocating engine. 

 

Figure 3.6 

Reciprocating Engine 

 Source: Energy Solutions Center, Reciprocating Engine. Online. Available: http://www.energysolutions 

center.org/distgen/AppGuide/Chapters/Chap4/4-1_Recip_Engines.html. Accessed: October 17, 2010. 
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The company determined that the types of commercial enterprises that can potentially 

benefit from the efficiency and cost-savings of CHP technology are open 18 to 24 hours 

per day most days of the year, and require the use of both electricity and thermal products 

for their equipment and facility needs. Another useful attribute of potential facilities is 

disproportionately high energy costs relative to other costs.
84

 

In 4 Thought‘s opinion, ―green‖ marketing may provide some catalyst for the adoption of 

a CHP system, but only after basic business fundamentals are addressed. Economics, first 

and foremost, drive the impetus for a business transaction. In addition, the efficiency and 

reliability of a CHP system are well-known and documented, and are easily explained to 

potential clients.  

The financial impetus that drives 4 Thought‘s business model comes mainly from the 

efficiency and heat production provided by CHP systems, as well as the standard federal 

depreciation deduction that helps with the firms‘ capital costs. Though additional ―green‖ 

incentive programs would certainly bolster finances, the company believes it can be 

profitable without special incentives because of the inherit benefits of CHP discussed 

above. Especially in areas where electricity is more expensive, such as the Northeast 

United States, the model becomes increasingly feasible and the ability of CHP to produce 

electricity more efficiently than traditional power plants becomes more apparent.  

As 4 Thought met with potential first clients, it became clear that a franchisee of seven 

quick-serve restaurants in Northwest Indiana would be an ideal customer. Though the 

economics of this business venture were underwhelming due to the state‘s heavy reliance 

on cheap coal, the quick-serve restaurant franchisee became increasingly attractive in 

light of several factors. First, it would be easy to compare the beta site‘s electricity usage 

to the other restaurant sites nearby. In this way 4 Thought would be able to create a 

reasonable comparison of what the electricity usage would have been without a CHP 

generator on-site providing heat (or cooling) and electricity. This comparison is important 

for an initial site to document the economics and efficiency of on-site generation of 

electricity utilizing CHP technology. Though conventional wisdom is that only large 

CHP plants can provide sufficient efficiency to be economical, 4 Thought believes 

technology improvements in micro-sized systems, and the inherent efficiencies of CHP, 

will allow their business model to be profitable. Second, the client was flexible and was 

willing to accept that there may be some challenges, as in all beta projects. 

Normally in this type of business situation, economics would be the greatest concern for 

a potential customer. However, since 4 Thought assumed responsibility for capital costs 

and guaranteed an economic incentive via a discount for the customer‘s energy bills, the 

clients‘ concerns took different forms. Mainly, the client wanted to be assured that the 

stores‘ energy needs would not be interrupted by the introduction of an on-site CHP 

system (reliability), and that in the event the system broke down, the grid would be able 

to make up for additional demand. 4 Thought was able to alleviate these concerns by 

assuring the mechanisms were in place whereby the client could take additional 

electricity off the grid in the event their CHP system had a mechanical failure or needed 

maintenance. The long history and well-documented reliability of CHP was relied upon 
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by 4 Thought to assuage these types of concerns. Additional concerns included the 

location of the system to minimize aesthetic blemishes, how the operation of the 

equipment would affect store functions, and how maintenance would be conducted in a 

timely and non-intrusive way. These were all addressed by 4 Thought, and the customer 

gave the go-ahead to install a CHP system in September 2010.  

4 Thought indicated to the Indiana Utility Regulatory Commission (IURC) that its CHP 

system would not export to the grid, which alleviated some of the initial concerns of the 

utility. However, 4 Thought had several issues of contention over how the Indiana utility 

treats cogeneration, and on-site electricity generation in general. First, the utility 

penalizes 4 Thought‘s system by increasing their electricity rates and adding a capacity 

charge that is inconsistent with 4 Thought‘s CHP system‘s actual capacity. The 

justification for increasing electricity rates is if 4 Thought‘s system were to go down due 

to technical failure, the utility would have a surge in demand. This means the utility 

would need to increase its capacity to be ready for this demand surge, increasing its 

capital costs. 4 Thought felt the utility ignored a glaring reality: that by decreasing 

electricity on the grid via their on-site system, they decreased congestion and peak loads, 

as well as wear on the entire system, thus increasing efficiency of the overall system. 

This becomes an even more glaring benefit if multiple sites have CHP systems within a 

given area. This benefit is not at all reflected in the increased charges to 4 Thought‘s 

system, whereby on-site generation is in fact punished. Additionally, while it might be 

true that a large CHP system could have a measurable effect on grid operations during 

times of an unplanned CHP outage, the very small installations 4 Thought focuses on 

would have little to no effect on the grid‘s operation.  

Another oddity of the rate charged to 4 Thought involves a capacity charge. Going back 

to the utility‘s argument that they must increase their own capacity to be able to meet a 

surge in demand, a surcharge is added to 4 Thought‘s rate for a 125kw system. However, 

the system‘s capacity is only 50kw. The surcharge does not capture the fact that 4 

Thought‘s system is smaller than the standard rate applied to such a system.  

Six-Month Status of Micro CHP System 

After six months of operation, 4 Thought had some preliminary findings about their 

system that are important for their business model going forward. First, the system has 

achieved consistent efficiency rates of around 70 percent, with few unexpected 

maintenance visits. Despite fairly low electric prices, around 9.5 cents/kwh, the system is 

close to breaking even financially, mainly due to sale of thermal products. Though the 

company is pleased with this performance, it is clear higher electric prices, along with 

continued low natural gas prices, are necessary for CHP systems to warrant additional 

investment from the business community. 4 Thought estimates that retail prices close to 

12 cents per kwh would provide sufficient profitability, holding other costs, such as the 

price of natural gas, constant.  
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4 Thought Policy Lessons 

From its dealings with the Indiana utility and general observations about the interaction 

between 4 Thought‘s business model and current policy, the company noted some 

observations regarding regulation: 

 Complex interconnect agreements make installing CHP unnecessarily 

burdensome; 

 Utility business model is inherently biased to be hostile towards distributed 

energy projects from outside companies; 

 Utilities have the ability to slow negotiations with an outside firm due to a lack of 

definition for timelines related to CHP projects;  

 Demand charges for micro-CHP systems may impose significant burdens to a 

CHP operator; and 

 Utilities often ignore the long-term benefits of distributed generation, including 

decreased congestion and maintenance on the grid and added reliability. 

Public Policy and CHP 

One of the reasons CHP may be under-used is that it differs from the standard power-

plant model, which favors centralized plants transmitting energy over long distances. 

This model provides economies of scale for the majority of United States‘ energy 

production. However, it should not preclude distributed generation, which has many 

additional benefits discussed throughout this paper. As distributed generation becomes 

more common, large utilities may be wary of ―intrusion‖ into the marketplace. Yet, 

organizations like Austin Energy have come to understand the benefits of distributed 

generation, as demonstrated by their commitment to the promotion of solar technology, 

as well as projects in the Austin area using CHP power on-site.  

In Structuring an Energy Technology Revolution, Charles Weiss and William B. 

Bonvillian attempt to guide policymakers towards effective decision-making as the 

United States moves toward an energy-conscious future. In the process, they establish a 

system of categorization for technologies they believe can contribute to this goal. At first 

glance, it may be difficult to place exactly where CHP fits into these categories. 

Considering the length of time CHP has been employed, it may be considered a ―mature‖ 

technology, and unworthy of any governmental incentive. However, the fact that the 

United States only derives a small percentage of its energy from CHP plants means there 

is plenty of room for expansion, and CHP technology can serve an important role as the 

United States begins to implement greater measures of conservation and efficiency. 

Along these lines, CHP can still be a ―disruptive technology launched in niche 

markets.‖
85

 Weiss and Bonvillian advocate that incentive ―support could speed adoption, 

but [the] private innovation system should dominate. Incentives for conservation, R&D 
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support for precompetitive manufacturing [is] likely required.‖
86

 Thus, CHP does not 

need incentivizing to get off the ground; what must be fostered are small businesses like 

4 Thought Energy, discussed above, who can build and deliver CHP systems to clients 

while easing their concerns about upfront capital cost and guaranteeing savings. If 

regulatory hurdles from large, entrenched utilities can be overcome and a thriving 

business sector dedicated to CHP implementation and research can be established, the 

adoption of CHP would move forward at an accelerated rate. Additional policy-specific 

recommendations will be discussed at the end of this paper.  

National Policies Affecting CHP 

Two recent bills were passed that affect the deployment of CHP; the Energy 

Improvement and Extension Act of 2008 (EIEA), and the American Recovery and 

Reinvestment Act of 2009 (ARRA).
87

 Both acts provide tax incentives and additional 

funding for CHP technology. 

These two acts, along with other bills and amendments, created investment tax credits, 

bonus depreciation, clean renewable energy bonds, and other incentives for CHP. For 

example, the CHP investment tax credit affects costs on the first 15MW of CHP,
88

 as 

long as the system: 

 Produces at least 20 percent of its useful energy as electricity and 20 percent in 

the form of useful thermal energy; 

 Is smaller than 50 MW; 

 Has been constructed by the taxpayer or have the original use of the equipment 

begin with the taxpayer; 

 Was in service after October 3, 2008, and before January 1, 2017; and 

 Is 60 percent efficient on a lower heating value basis.
89

 

As an alternative to the tax credit, eligible system providers can instead receive a grant 

through ARRA.
90

 

Through EIEA, micro-turbines receive some special consideration through investment tax 

credits available through the end of 2016, and micro-turbines less than 2kw can receive a 

credit up to $200 per kwh of capacity. Such turbines must produce electricity in excess of 

26 percent efficiency. EIEA also extends production tax credits for biomass CHP plants 

(along with other types of renewable energy), and ARRA extends this tax credit through 

2013. Different types of biomass plants can receive between 1 and 2.1cents per kilowatt 

hour of electricity.
91

 

Forms of accelerated depreciation can be taken by certain CHP plants, formerly under the 

Modified Accelerated Cost-Recovery System (MACRS), and recently amended by the 

Tax Relief, Unemployment Insurance Reauthorization, and Job Creation Act of 2010 
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(H.R. 4853).
92

 According to this act, a facility in service after September 8, 2010 and 

before January 1, 2012 can take 100 percent depreciation in the first year according to the 

following stipulations: 1) the property has a recovery period of 20 years or less under 

normal federal tax depreciation rules; 2) the original use of the property must commence 

with the taxpayer claiming the deduction; 3) the property generally must have been 

acquired during the period from 2008-2012; and 4) the property must have been placed in 

service during the period from 2008-2012.
93

 

After 2012, depreciation expense reverts to 50 percent instead of 100 percent. EIEA and 

ARRA provided additional funding for Qualified Energy Conservation Bonds (QECBs), 

wherein a bondholder receives tax credits instead of interest payments. ARRA provided 

over $2.4 billion in financing for these bonds in 2010.
 94

According to the Environmental 

Protection Agency (EPA): 

The definition of qualified energy conservation projects is fairly broad and 

contains elements relating to energy efficiency capital expenditures in public 

buildings; renewable energy production; various research and development 

applications; mass commuting facilities that reduce energy consumption; several 

types of energy related demonstration projects; and public energy efficiency 

education campaigns.
95

 

In 2009, The Combined Heat and Power Systems Technology Development 

Demonstration sought to promote development of CHP technology via funding of large 

(less than 20MW), medium (between 1 and 20MW), and small systems (between 5kw 

and 1MW).
 96

 Successful applicants were expected to improve efficiency of CHP systems 

and reduce greenhouse gas emissions, as well as reduce costs of the technology.
 97

 

Under the Energy Independence and Security Act of 2007 (EISA), the EPA was directed 

to provide incentives to certain categories of CHP technology users, subject to 

appropriations. In addition, the EISA directs the EPA to conduct a survey and create a 

registry of CHP technology, in order to: 

 Provide a list of the economically feasible existing waste energy recovery 

opportunities in the United States, based on a survey of major industrial and large 

commercial sources; 

 Provide state and national totals of the existing waste energy recovery 

opportunities, as well as the potential criteria pollutant and greenhouse gas 

emissions reductions that could be achieved with the capture and use of the waste 

energy recovery opportunities listed in the registry; and 

 Serve as the basis for potential waste energy recovery projects to qualify for 

financial and regulatory incentives as described in Energy Policy and 

Conservation Act (EPCA) Sections 373 ―Waste Energy Recovery Incentive Grant 

Program‖ and 374 ―Additional Incentives for Recovery, Use, and Prevention of 

Industrial Waste Energy,‖ as added by EISA.
 98
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Additional grants for energy efficiency technology are available through the Energy 

Efficiency and Conservation Block Grant Program (EECBG), with funding being granted 

via ARRA.
99

 

Loan guarantees are also available through The Energy Policy Act of 2005, which 

―authorized the US Department of Energy to issue loan guarantees to eligible projects 

that avoid, reduce, or sequester air pollutants or anthropogenic emissions of greenhouse 

gases. The projects need to employ new or significantly improved technologies when 

compared to technologies in service in the United States at the time the guarantee is 

issued.‖
 100

 ARRA extended funding for this program. Currently, projects must begin 

construction by the end of September, 2011 to receive funds.
101

 

Though it is difficult to ascertain the effect of these policies, they are unlikely to have a 

large impact on the CHP market because they are short-term and lack a sufficient time-

frame to create a lasting impact. Indeed, R. Neal Elliot, Associate Director of Research at 

the American Council for an Energy-Efficient Economy (ACEEE), ascertains that the 

impact of provisions related to CHP in federal policies is not as transparent as advocates 

of the technology may have anticipated.
102

 A forthcoming report by ACEEE assesses 

CHP regulatory considerations on a state by state basis.
103

 According to Elliot, one 

important finding of the report is that it confirms what CHP advocates have known for 

the past decade: there‘s no such thing as a national market for CHP but rather state-

specific markets (and in many cases market fragmentation by electric service territory).
104

 

Thus, the regulatory environment and electricity rates of each state will continue to 

dictate that state‘s CHP market. 

Texas Policy 

Since 1980, construction of over 50,000 MW of CHP power in the United States has been 

accomplished.
105

 This represents 9 percent of the nation‘s energy mix.
106

 As US policy 

regarding CHP is often governed by state regulation, it may be useful to consider the 

Texas laws governing CHP. Some of the lessons learned from this analysis can be 

applied to other states looking to encourage additional CHP investment. 

Texas has forged ahead in their implementation of CHP, becoming the nation‘s number 

one producer with 137 sites and 16.7 GW of installed power.
107

 Figure 3.7 demonstrates 

where CHP facilities are located throughout Texas. As evident in Figure 3.8, Texas CHP 

facilities are roughly divided into thirds between small facilities (0-10 MW), medium-

sized facilities (10-100 MW) and large facilities (100+ MW). However, the vast majority 

of energy capacity lies with the large facilities, with over 85 percent of capacity, versus 

just one percent of capacity for smaller systems.
108
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Figure 3.7 

CHP Installations In Texas 

 

Source: Summit Blue Consulting LLC, Combined Heat and Power in Texas: Status, Potential, and Policies 

to Foster Investment (December 2008), p. 3. Online. Available: http://www.gulfcoastcleanenergy.org/ 

Portals/24/Reports_studies/Summit percent20Blue percent20CHP percent20Study percent20to 

percent20PUCT percent20081210.pdf. Accessed: November 16, 2010. 
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Figure 3.8 

Installed CHP Facilities and Capacity 

 

Source: Summit Blue Consulting LLC, Combined Heat and Power in Texas: Status, Potential, and Policies 

to Foster Investment (December 2008), p. 27. Online. Available: http://www.gulfcoastcleanenergy.org/ 

Portals/24/Reports_studies/Summit percent20Blue percent20CHP percent20Study percent20to 

percent20PUCT percent20081210.pdf. Accessed: November 16, 2010. 

 

In addition, the vast majority (around three-quarters) of CHP capacity is used by 

chemical and refining companies. Of the commercial entities with installed CHP, 85 

percent of the capacity is used by universities, as seen in Figure 3.9.
109

 

Though the first CHP plant in Texas was built in 1921, rapid development did not begin 

until the 1980s, as seen in Figure 3.10. Recently, the installation of CHP has begun to 

taper off, despite estimates that there exists plenty of potential in the state. 
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Figure 3.9 

CHP Capacity By Customer Segment (MW) 

Source: Summit Blue Consulting LLC, Combined Heat and Power in Texas: Status, Potential, and Policies 

to Foster Investment (December 2008), p. 27. Online. Available: http://www.gulfcoastcleanenergy.org/ 

Portals/24/Reports_studies/Summit percent20Blue percent20CHP percent20Study percent20to 

percent20PUCT percent20081210.pdf. Accessed: November 16, 2010. 

 

Figure 3.10 

Installed CHP Capacity in Texas 
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Source: Summit Blue Consulting LLC, Combined Heat and Power in Texas: Status, Potential, and Policies 

to Foster Investment  (December 2008), p.32. Online. Available: http://www.gulfcoastcleanenergy.org/ 

Portals/24/Reports_studies/Summit percent20Blue percent20CHP percent20Study percent20to 

percent20PUCT percent20081210.pdf. Accessed: November 16, 2010. 

 

Figure 3.11 shows that in Texas, CHP has primarily been installed in the ERCOT region, 

with over 82 percent of CHP capacity residing there.
110

 

 

Figure 3.11 

CHP Installation in Texas by Region (MW) 

 

Source: Summit Blue Consulting LLC, Combined Heat and Power in Texas: Status, Potential, and Policies 

to Foster Investment (December 2008), p. 31. Online. Available: http://www.gulfcoastcleanenergy.org/ 

Portals/24/Reports_studies/Summit percent20Blue percent20CHP percent20Study percent20to 

percent20PUCT percent20081210.pdf. Accessed: November 16, 2010. 

 

Though the decision to install CHP must be considered on a case-by-case basis, the 

regulatory environment is an important criterion for implementation. Much of the Texas 

electricity market was restructured in 2002, disaggregating utility companies into three 

separate, competing entities: power generation companies that own and operate power 

plants, retail electric providers (REPs) which sell power to end customers, and 
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transmission and distribution service providers (TDSPs) who deliver electricity to 

consumers.
111

 However, participation in deregulation has varied across the state. For 

example, Austin Energy is not a participant, though it is part of ERCOT, which is 

responsible for transmission of electricity and maintaining the grid. Austin Energy also 

participates in ERCOT‘s wholesale market. In exchange for these services Austin Energy 

pays ERCOT according to its percentage of load, around 4 percent.
112

 

The distinction between the restructured, or deregulated, regions of the market and 

regions not participating can have important impacts for the attractiveness of CHP: 

In the restructured market, a facility with CHP does not have assurance that it can 

sell surplus power at a fixed price, and smaller facilities in particular may have 

little leverage with REP to market this surplus. On the other hand, a CHP facility 

can sell into the energy and capacity markets operated by ERCOT and, in times of 

extreme price volatility, self-generators can sometimes benefit from high market 

prices. In the service territories that are not subject to competition, CHP facilities 

enjoy a regulatory guarantee to sell surplus power at avoided cost, but they may 

encounter greater difficulties interconnecting with the electric grid of a utility that 

also owns generation that would compete with the new CHP capacity.113 

Permits for Air Quality 

The Texas Clean Air Act requires that any stationary source which emits pollutants must 

obtain a permit. Thus, any CHP system is required to obtain a permit from the Texas 

Commission on Environmental Quality. There are four main types of permits for CHP. 

1. Standard Permit: For electric generating units installed after mid-2001, allows for 

quick and relatively low-cost permits for units under one MW. 

2. Permit By Rule: Generally for emergency generators or generators that don‘t emit 

constant electricity; not much application to CHP because most would fall under the 

Standard Permit. 

3. New Source Review Permit: For systems that don‘t qualify for other permits, and are 

stationary electricity-producing generators. 

4. Boiler Permit: Generators operating with a boiler/steam turbine.114 

The standard permit allows CHP facilities to more easily meet nitrous oxide 

requirements, as it gives credit for the heat recycled by these facilities. Limits and 

restrictions on units vary with their size, use (hours per year), and age.
115

 Smaller units 

may be unfairly restricted as they may not be able to employ sufficient amounts of 

pollution-restriction technology. 

States who do not give credit for CHP‘s efficiency can look to Texas as a leader for this 

type of credit, as well as favorable interconnection standards.  
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Interconnection 

One of the first issues to arise when an entity wishes to employ CHP is regulations 

regarding interconnection. In Texas, interconnection standards vary with the size of the 

unit (capacity) an entity wishes to install: 

The interconnection process that a CHP unit must use depends on the size of the 

plant. If the unit is less than or equal to 10 MW, the unit may interconnect as a 

distributed generation unit. For units greater than or equal to 10 MW, the unit 

must submit a request to interconnect to the grid to ERCOT. The timeline for an 

interconnection study can range from 52 to 440 days. The fees required for 

interconnection include a Security Screening Study fee of $1,000 to $5,000 and a 

Full Interconnection Study fee of $15/MW and a $15,000 or $30,000 deposit 

(ERCOT 2004). Utilities outside of ERCOT are subject to FERC regulations that 

establish interconnection procedures, and CHP units have the same right to 

interconnect.116 

The clarification of interconnection rules for distributed generation seems to have 

moderately bolstered the implementation of smaller units, increasing from 220MW to 

409MW from 2002 to 2007.
117

 

Policy Recommendations 

The American Council for an Energy-Efficient Economy considers six primary criteria in 

their ranking of states‘ promotion of CHP:  

 Standard interconnection rules; 

 Net metering;  

 CHP-friendly standby rates;  

 Output-based emissions regulations;  

 Financial incentives for CHP; and  

 Inclusion of CHP in an Energy Efficiency Resource Standard (EERS) or 

Renewable Portfolio Standard (RPS).
118

 

At the federal level, national standards for CHP would be extremely useful to bolster 

CHP adoption as the current inconsistency increases economic and transaction costs for 

manufacturers and owners.
119

 If states wish to increase adoption of CHP technology, one 

way to do so is to evaluate each of the criteria proposed by the ACEEE and work to 

benchmark to the leading state in each category. For instance, Texas may provide 

benchmarks for CHP policy in several areas. With interconnection standards since 1999, 

standby rates not punitive to CHP systems, and emissions standards that take into account 

http://www.aceee.org/sector/state-policy/toolkit/chp/interconnection
http://www.aceee.org/sector/state-policy/toolkit/chp/net-metering
http://www.aceee.org/sector/state-policy/toolkit/chp/standby-rates
http://www.aceee.org/sector/state-policy/toolkit/chp/emissions
http://www.aceee.org/sector/state-policy/toolkit/chp/financial-incentives
http://www.aceee.org/sector/state-policy/toolkit/chp/eers
http://www.aceee.org/sector/state-policy/toolkit/chp/eers


87 

CHP‘s efficiency, Texas has become the nation‘s leader in deployment of CHP 

technology.
120

 

However, Texas provides limited financial incentives to promote CHP adoption, while 

other states such as Connecticut, Ohio, and Massachusetts have implemented financial 

incentives successfully. Since 2006, for example, Connecticut ―provides loans to 

customers for the installation of distributed generation systems, including CHP, with a 

capacity range of 50kW – 65MW. Interest rates are 1 percent below the customer‘s 

applicable rate, or no more than the prime rate.‖
121

 Massachusetts and Ohio offer grants 

geared toward offsetting the capital costs of energy efficiency technologies such as 

CHP.
122

 Further, the Massachusetts Senate Bill 2768 established an Alternative Portfolio 

Standard, in addition to its existing Renewable Portfolio Standard, to account for energy 

efficiency from non-renewable sources such as CHP.
123

  

Conclusion 

The benefits of CHP outweigh its costs. If implemented correctly, CHP can decrease 

carbon emissions, provide greater reliability, and contribute toward much sought-after 

energy security. In addition, CHP and other types of distributed generation can decrease 

congestion on an electrical grid in dire need of an update. Indeed, the United States grid 

faces multiple challenges,  According to the DOE, ―the supreme engineering achievement 

of the 20th century is aging, inefficient, and congested, and incapable of meeting the 

future energy needs of the Information Economy without operational changes and 

substantial capital investment over the next several decades.‖
124

 

Utility practices often hinder CHP adoption through burdensome interconnection 

agreements, untenable tariffs, and air quality regulations that do not recognize the 

efficiency of CHP systems.
125

 Many of these impediments reflect a viewpoint on the part 

of utilities that is short-sighted and seeks to maintain the status quo, while ignoring the 

many benefits a CHP system provides. The reliability of CHP systems is well-

documented, and greater implementation of CHP would increase the energy security of 

the United States. Every year, for example, blackouts occur around the country as a result 

of extreme weather events or unexpected spikes in demand.  

Utilities that embrace CHP and other distributed generation technologies would, in the 

long-run, experience two key benefits: 1) decreased congestion on the electrical grid 

leading to reduced maintenance costs, and 2) a reliable source of electricity during times 

of extreme weather and spikes in demand. 

Short-term calculations based solely on return on investment may not adequately account 

for these considerations. Increasing distributed energy is one way the United States can 

mitigate the load imposed on the electrical grid, as well as maintenance and installation 

costs of transmission lines, while increasing capacity for future demand. The fact that no 

new transmission lines need to be constructed for distributed generation is another benefit 

that must be accounted for when weighing the costs and benefits of a CHP system (or any 

distributed generation technology).  
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As with most technologies, greater adoption of CHP by the private sector depends upon 

cost considerations, including access to capital. In addition, electricity generation is not a 

core competency of business. Thus, businesses do not have much incentive to build a 

CHP plant when they have no technical expertise to do so, and can often negotiate low 

rates with the local utility for cheap power provided with traditional forms of energy.  

Policy can and should foster adoption of energy efficient technologies such as CHP. To 

increase the share of CHP in the United States‘ energy mix we propose policymakers 

develop the following policies: 

 Standard interconnection rules; 

 CHP-friendly standby rates; 

 Net metering; 

 Financial incentives for CHP such as grants or low-interest loans; 

 CHP inclusion in Renewable Portfolio Standards (RPS) or an alternative method 

of recognizing emission credits for this technology; and 

 Emissions regulations that recognize overall emissions reductions of CHP 

systems compared with conventional generation. 

In a world where carbon dioxide (and other harmful pollutants) is priced according to the 

negative externalities it imposes upon society, CHP becomes a much more attractive 

option. CHP systems normally burn natural gas, containing about half the carbon dioxide 

emissions of coal.
126

 Further, the energy efficiency of such systems, usually over a third 

higher than a conventional power plant,
 127

 result in decreased emissions because less 

units of energy are needed for the same amount of electricity production compared with a 

traditional power plant. Further, in the next three to six years experts such as R. Neil 

Elliott from ACEEE expect compliance with EPA rules to drive adoption of energy 

efficient technologies such as CHP and other types of distributed generation.
128

 

Better regulation, financial incentives, and public awareness about the benefits of CHP 

may lead to greater use of this technology in the United States‘ energy mix. Such an 

outcome may improve the overall quality of the country‘s energy supply in terms of 

emissions, reliability, and efficiency. 

 

http://www.aceee.org/sector/state-policy/toolkit/chp/interconnection
http://www.aceee.org/sector/state-policy/toolkit/chp/standby-rates
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http://www.aceee.org/sector/state-policy/toolkit/chp/eers
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Chapter 4.  Energy Efficiency Case Study 

Executive Summary 

Energy efficiency is the application of technologies or management so as to yield 

outcomes that use less energy. Investment in energy efficient technologies can provide 

significant energy and dollar savings: as much as 840 terawatt hours or $170 billion each 

year.
1
 Energy efficient technologies are available in a wide range of products, from 

household appliances such as refrigerators and clothes washers to industrial heating and 

air conditioning units. Government policy works to promote energy efficient products 

through a variety of programs including research and development, federal labeling 

systems, standard setting, and subsidies. Because it is beyond the scope of this chapter to 

discuss all energy efficient technologies and related government policies, this chapter will 

focus on Light Emitting Diodes, an emerging energy efficient lighting technology, and 

the Energy Star program, a mature federal labeling system that promotes energy efficient 

products to consumers. 

Light Emitting Diode (LED) technology is a versatile lighting technology that offers 

quality lighting using a fraction of the energy that conventional lighting technologies 

demand. Though LED technology has existed for decades, it has only recently begun to 

overcome a number of barriers to effective market penetration in the United States, 

foremost among them bulb cost, light quality, and standardization. Technological 

advances among LED producers addressing these barriers have been aided by a variety of 

Department of Energy programs aimed at promoting LED lighting and ensuring a smooth 

and successful national transition away from conventional lighting. These DOE programs 

include standards development, consumer education, and product testing and verification. 

LED lighting is now poised to transform national lighting markets and increase energy 

efficiency in the United States. 

The Energy Star program is a federal labeling system that helps consumers make 

informed decisions about energy efficient products. It has proven to be a useful and 

effective policy tool for the promotion of energy efficient products—the Environmental 

Protection Agency (EPA) claims that Energy Star helped American consumers save more 

than $19 billion in energy costs and prevented 43 million metric tons of greenhouse gas 

emissions from 1992 until 2008.
2
 Recent reports have, however, revealed serious 

problems in the verification process that indicate a lack of effective federal oversight of 

the labeling system. Nevertheless, the Energy Star label is a powerful marketing tool that 

will continue to be a useful policy mechanism with which to promote energy efficient 

technologies. 

Introduction 

Energy efficiency is the application of technologies or management so as to yield 

outcomes that use less energy. Energy efficiency and related concepts such as energy 
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conservation and demand-side management can deliver many benefits that renewable 

energies claim, such as reduced cost, reduced pollution, and reduced dependence on 

foreign fuels.
3
 Conservation differs from energy efficiency in that it refers more broadly 

to a reduction in energy use with output not necessarily remaining the same. Demand-

side management ―refers to measures taken by a utility to encourage conservation of 

electric usage or to reschedule electric usage for more uniform usage throughout the day 

or year.‖
4
 Implementation of existing energy efficiency technologies and procedures can 

represent low-cost and short-term options for moderating energy demand and extending 

domestic energy supplies.
5
 

Although American presidents since Nixon have advocated for energy conservation, as a 

practical matter almost all developed nations use less energy per capita and less energy 

per dollar of GDP than the United States. While a portion of these discrepancies may 

reflect structural differences, some analysts argue that about 50 percent are due to 

differences in energy efficiency.
6
  

In 2008, residential and commercial buildings accounted for 73 percent of total electricity 

use in the United States and 40 percent of total primary energy use.
7
 Some analysts argue 

that the application of energy efficiency technologies in commercial and residential 

buildings in areas such as space heating and cooling, water heating, lighting, and 

computing, has the potential to save up to 840 terawatt hours (TWh) each year by 2020.
8
 

The Energy Information Administration (EIA) projects electricity demand to increase by 

500 TWh for residential and commercial buildings by 2020, so a move toward energy 

efficiency could help the United States meet its future energy needs and reduce them 

simultaneously.
9
 For the entire building sector, an investment of $440 billion between 

2010 and 2030 in existing energy efficiency technology could produce a savings of as 

much as $170 billion each year.
10

 In addition, the savings would cost less per unit of 

energy than the current retail prices of electricity and gas.
11

 

Austin Energy has had considerable success implementing energy efficiency programs as 

part of its Demand-Side Management (DSM) initiatives. Many of the strategies listed in 

Table 4.1 are driven by energy efficiency. 

 

Table 4.1 

Austin Energy Demand Side Management Program 

Power Saver Commercial Power Saver Residential Green Building Program 

Municipal and Commercial Power 

Partner Programs 

Power Partner Program Residential Program 

Solar Rebate Program Solar Rebate Program Commercial Program 

Green Choice Program Green Choice Program Multi-Family Program 

Commercial Energy Management 

Services Rebates and Incentives 

Home Performance with 

Energy Star 

Residential Code 

The Multi-Family Partnership 

Program 

Air Conditioner Rebates Commercial Code 

Multi-Family Program Duct Diagnostic and Sealing Multi-Family Code 
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Load Profiler Compact Fluorescent Lighting  

Energy Miser Vending Products Free Home Energy 

Improvements 

(Weatherization) 

 

On-site Commercial Energy Audit Refrigerator Recycling  

Small Business Rebate and 

Incentive Programs 

Solar Loan Program  

Online Energy Audit Online Energy Audit  

Commercial Energy Product Guide Water Heater Timers  

Appliance Efficiency Program Appliance Efficiency Program  

 Clothes Washer Rebate  

 Cycle Saver  

Source: Austin Energy, Energy Efficiency. Online. Available: http://www.austinenergy.com/Energy 

%20Efficiency/index.htm. Accessed: July 26, 2008. 

 

These programs help reduce demand for power during peak hours, when additional 

power must be purchased to meet the city‘s needs, and also provide savings in base load 

through programs such as refrigerator rebates. In 2007, Austin Energy articulated its 2020 

conservation goal of 700 megawatts (MW) through energy efficiency by 2020, and has 

since raised that goal to 800 MW.
12

 

Austin Energy promotes a variety of energy efficiency technologies in its DSM 

initiatives, including appliance efficiency incentives, air conditioning rebates, and online 

energy audits. For the purposes of this paper, it will be useful to examine just two 

programs in detail that in effect can be used to generalize about other similar programs: 

light emitting diodes, an energy technology, and Energy Star, a mature governmental 

program that promotes and markets energy efficient products. 

As residential and commercial lighting accounts for 18 percent of US energy use, it is a 

market in which energy efficiency savings can be realized.
13

 Approximately 90 percent of 

US residences use incandescent lamps and most commercial and industrial buildings use 

fluorescent lighting.
14

 Up to an 80 percent increase in energy efficiency is possible with 

the replacement of all incandescent lamps with compact fluorescent lamps or light 

emitting diodes. Because this technology is already widely available, large energy 

savings can be realized immediately. LEDs have the potential to immediately reduce the 

energy costs associated with lighting along with a savings in emissions associated with 

electricity production. Through the widespread use of energy efficient technologies, 

electricity used for lighting could, by 2020, be reduced by up to 50 percent, with a 

corresponding environmental savings would add up to 28 million metric tons of carbon 

emissions annually.
15

 

The US government established Energy Star under the aegis of the EPA and the DOE as 

a certification system meant to help US consumers to make informed decisions about 

energy efficient products. Since 1992, Energy Star has set clear energy-efficiency 

standards. Manufacturers who meet the standards can voluntarily apply for Energy Star 

certification. In return, the program grants the manufacturer permission to carry the 

Energy Star logo. The specific energy-efficiency standards set by the program vary from 
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one product to another but the overall criteria to qualify for Energy Star certification 

remains consistent across the spectrum of products.
16

  

LED lighting and the Energy Star program represent the two complementary pillars of 

energy efficiency in the United States: an advanced technology that reduces energy 

consumption and a supporting policy. Together, technologies like LED and policies like 

the Energy Star program can effectively achieve energy savings across the United States.  

LED 

LEDs are electroluminescent semiconductor diodes that generate light of color depending 

on the chemical composition of the semiconductor compounds chosen.
17

 Electrons flow 

in one direction across the diode, an electrical junction point, and fall into a lower 

energy-energy state,
18

 emitting the energy difference in the form of light.
19

 

Though the LED technology has existed for decades, its widespread application has only 

recently become a realistic possibility. When LEDs first appeared in the 1960s, they were 

exclusively red diodes and were used for indicator lights and pocket calculators. Pale 

yellow lights and greens followed, but it wasn‘t until the creation of blue LEDs in the 

1990s that widespread applications became a real possibility. With blue LEDs, a thin 

phosphor coating could be used to produce white light. Since then, white LED lighting 

has also been achieved by combining green, blue, and red LEDs. White lighting was the 

first major step toward an LED application for general lighting.
20

 Over the past 10 years, 

LED efficiency has increased, many barriers concerning light coloring have been 

resolved, and the cost of LED lights has dropped dramatically. DOE and private industry 

have promoted LED technology to a point where widespread market penetration is likely, 

if not inevitable. LED bulbs have increased approximately five times in efficiency, from 

approximately the efficiency of an incandescent bulb (13 lumens per watt) to a current 

2010 standard efficiency of about 62 lumens per watt. Some LED lab tests are reaching 

efficiencies of 200 lumens per watt.
21

 In effect some LEDs may soon be able to replace 

incandescent lights with 6.5 percent of the lumens per watt, or a reduction of 93.5 percent 

in the number of watts needed to produce a lumen of light. 

LEDs have no need for bulky fixtures or sockets and are easily mounted in walls or 

ceilings. LEDs last about 100 times longer than incandescent bulbs. Whereas 

incandescent bulbs convert about 5 percent of electric energy into light, LEDs convert 

25-35 percent. LEDs are projected to increase in efficiency over the next decade, 

reaching an efficiency of 12 times that of incandescent and halogens and twice that of 

fluorescents.
22

 

Aside from their superior efficiency, LEDs provide a number of benefits that other bulbs 

do not. The US Department of Energy cites benefits such as long operating life, low 

maintenance, reduced radiated heat, dimmability, minimal light loss, durability, 

directional lighting, and light pollution reductions.
 23

 Drawbacks include the high initial 

cost, lack of standardization both in light characteristics and fixture type, and some 

aesthetic problems with light quality (see Table 4.2).
24
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Table 4.2 

LED Benefits and Drawbacks 

Benefits Drawbacks 

High energy efficiency Lack of standardization in LED light characteristics 

Very long lifetime Lack of standardization in fixture type 

Dimmability High initial cost 

Low-maintenance Some aesthetic issues with light quality and color 

Reduced radiated heat  

Directional lighting ability  

Light pollution reductions  

Instant-on capability  

Durability  

Operability in low temperatures  

Source: Adapted from United States Department of Energy, Solid-State Lighting: Brilliant Solutions for 

America’s Energy Future (June 2010). Online. Available: http://apps1.eere.energy.gov/buildings/ 

publications/pdfs/ssl/brilliant-2010_brochure.pdf. Accessed: November 10, 2010. 

 

LED Launch Trajectory 

LED lighting is considered to be a disruptive technology in that it is disrupting the rest of 

the market for lighting. If LEDs replace incandescent and fluorescent bulbs, they will 

completely alter the lighting industry. Indeed, the transition to an LED-dominated 

lighting sector is already underway, with the three major lighting producers working to 

incorporate LED lighting into their product lines: Philips (Netherlands), OSRAM 

(Germany), and General Electric (United States).
25

 Production of LEDs currently requires 

a highly technical manufacturing process, one that is very different from the processes 

used by established lighting producers.
26

 As more businesses begin developing and 

marketing LEDs, prices will likely decrease, allowing the technology to be widely 

adopted in both the residential and industrial sectors. Though LEDs are rapidly becoming 

cheaper and more popular, there are still considerable barriers to a significant LED 

market penetration. These barriers include the high cost of LED bulbs, the lack of 

standardization in fixture type, and some aesthetic concerns regarding the quality and 

color of LED light.
27

 The US Department of Energy is working to speed the widespread 

market adoption of LED lighting through R&D focused specifically on addressing LED 

drawbacks (discussed in Part 2).
28

  

Current State of the Technology  

LED lighting is ideal for a variety of lighting needs, including street and area lighting; 

step, path and porch lights; recessed downlights; task lighting; refrigerated displays; and 

traffic signals.
29,30

 These applications are discussed below. 

In the United States, street and parking area lighting amounts to 178 TWh each year, 

about 23 percent of total lighting energy use. Most outdoor area lighting currently uses 

metal halide or high-pressure sodium light sources. While these technologies are 
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relatively efficient, with approximately 25,000-hour lifetimes and low costs, LEDs have a 

number of advantages. First, LED lights provide comparable lumens with more 

efficiency, reducing energy consumption and cost. Second, unlike conventional outdoor 

lighting, LEDs are dimmable and can be turned on instantly, making them good 

candidates for other energy saving techniques like motion sensing systems that dim or 

turn off lights when the area is empty. Third, LED lights can last five times the length of 

the current outdoor alternatives, reducing maintenance and installation costs. Finally, 

LED lights are directional in nature, so can be installed to prevent over-lighting and 

lighting spillage, a common concern in metropolitan areas.
31,32

 As of 2008, the US 

Department of Energy estimated the current market penetration of LEDs in the street and 

area light niche as insignificant, or close to 0 percent. If a complete transition to LED 

technology for street and area lighting were to occur, an electricity savings of 44.7 TWh 

could be realized.
33

 

Like outdoor street and area lighting, residential path, porch, and step lighting is a 

promising market niche in which LEDs can play a transformative role. In addition to the 

benefits of LED lights listed above for street and area lighting, LED lights are attractive 

for path and porch lighting because they are compact and inconspicuous and function 

well in cooler temperatures. Their directional capability, long lifespan, energy efficiency, 

and instant-on and dimmability are all appealing characteristics for both street and path 

and porch lights.
34

 With 100 percent market penetration, the use of LED lighting in 

residential path and porch lights could account to almost 13 TWh in energy savings.
35

 

Recessed downlights (can lights) are the most commonly installed lighting type in new 

residential construction, accounting for more than 829 million commercial and residential 

fixtures.
36

 Popular because of their low cost and inconspicuous, ambient or directional 

light, recessed lighting accounts for 12 percent of all residential light fixtures and 15 

percent of lighting energy use in the United States.
37

 Conventional recessed lighting often 

relies on incandescent reflector bulbs. For example, a 65 W incandescent reflector bulb 

can create a cone of light, illuminating the area around the fixture.
38

 LEDs can illuminate 

the same area for a fraction of the wattage—as low as 5-10 W—and are excellent for 

recessed lighting due to their versatility for producing ambient or directional light. 

Because of the popularity of recessed downlighting, the potential energy savings with a 

transition to LEDs is massive. If LEDs with an efficiency of 60.9 lumens per watt were 

installed in 100 percent of recessed downlighting, 81 TWh of electricity, the approximate 

production of 13 1,000 MW power plants, could be saved each year.
39

 LEDs in recessed 

downlighting can currently reach efficiencies of up to 100 lumens per watt and are 

expected to become more efficient in the future, making the energy savings potential 

even greater. Of all niche markets, recessed downlights offer the greatest potential for 

LED-based energy savings.
40

 

Task lighting is used in industrial, commercial, and residential contexts to provide 

lighting for tasks beyond ambient light. Commercial and industrial users often use 

fluorescent tubes 8 and 12 feet long (T8 and T12), while some residential task light may 

use 4-foot tubes (T4) or incandescent light. The task lighting category includes office 
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undershelf lighting, kitchen undercabinent lighting, and desk, table, or reading lamps.
41

 

The use of task lights can reduce overall energy use significantly because overhead 

ambient lighting can be lowered.
42

 LED lighting has not significantly penetrated the task 

lighting market, but estimates of energy savings with a full shift to LED are 13 TWh for 

portable task lights, 1.37 TWh for office undershelf lighting, and 2.2 TWh for kitchen 

undercabinet lighting.
43

 

LED lighting in refrigerated displays has undergone technical advancements in the last 

five years and has reached levels of efficiency comparable to or better than fluorescent 

systems.
44

 Lighting food items in refrigerated displays accounts for about 15 percent of 

the total electricity associated with these display cases. In addition, conventional 

fluorescent lighting adds heat to the refrigerator, causing a decrease in efficiency. 

Fluorescent lighting is highly efficient at room temperature, but efficiency decreases by 

more than 25 percent when operating at refrigeration or freezer temperatures. The heat 

associated with fluorescent lighting can accelerate the spoilage of meat. LEDs, on the 

other hand, tolerate cold systems and function at low temperatures. LEDs do not release 

as much heat as fluorescent bulbs and allow for the use of fewer lights and thus less 

power while allowing for uniform lighting distribution.
45

 When accounting for reduced 

compressor use (due to the lower heat radiation of LEDs) and the reduced electricity use, 

using LED lighting in refrigerated display cases could save 25.4 TWh per year (5.5 TWh 

per year of compressor electricity use and 19.9 TWh per year of lighting electricity 

use).
46

 

The use of LEDs for traffic signals and pedestrian crossings is becoming common 

throughout the United States, with a current market penetration of about 52 percent. 

LEDs are becoming the technology of choice for traffic signals due to their low energy 

consumption and long life times. Driven by requirements in the Energy Policy Act of 

2005 (EPACT) that all traffic signals manufactured after January 1, 2006 use no more 

than 12-17 watts (the ENERGY STAR requirement), LEDs are replacing all other light 

technologies for use in traffic signals.
47

 At the current level of market penetration, LED 

traffic signals and pedestrian crossing lights have yielded 2.82 terawatt hour per year in 

energy savings. Over 2 terawatt hour per year would be saved in addition if the remaining 

signals convert to LED technology.
48

 

Exit signs are required to be lit 24 hours a day, and are one of the few applications that 

are in a mature phase of LED market penetration. As of 2007, 85 percent of exit signs 

used LEDs, 5 percent were incandescent, and 10 percent were compact fluorescent.
49

 The 

high efficiency of LEDs along with their ability to produce light in the color spectrum 

required (red or green) has made LEDs the primary choice in exit sign lighting. EPACT 

2005 mandated that all exit signs manufactured after January, 2006 meet Energy Star 

requirements that exit signs use no more than 5 watts per face, which means that LED 

lights are the answer.
50

 As of 2007, LED exit signs contributed 4.56 TWh of energy 

savings. If all the remaining exit signs were to all transition to LED lighting, an 

additional .63 TWh of energy could be saved, bringing the total saved per year to 5.18 

TWh.
51
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Lessons Learned: LED 

The recent introduction of compact fluorescent lamps (CFLs) to the US market provides 

a valuable reference for the introduction of new lighting technologies like LEDs. Though 

CFLs were introduced in the 1970s, they have only recently achieved widespread 

recognition in the United States, and still only make up about 2 percent of national 

lighting sales, with higher market shares in California (5 percent) and the Pacific 

Northwest (12 percent).
52

  

James Brodrick, manager of the DOE SSL Portfolio, writes, ―DOE and its partners 

learned some uncomfortable lessons from the introduction of CFL products in the 1970s 

and are determined to avoid those pitfalls in the SSL marketplace.‖
53

 A well-managed 

market introduction is essential to the success of LED technology. 

A report from the Pacific Northwest National Laboratory issued to the Department of 

Energy in 2006 listed lessons learned from the national effort to increase consumer 

acceptance of CFL lighting. The report separates lessons learned into three categories: 

technology, marketing and consumer education, and program design (Tables 4.3, 4.4, and 

4.5).
54

 

 

Table 4.3 

Technological Lessons from CFL Market Penetration 

Introduce lighting technology in niche applications.  

Acknowledge technology limitations.  

Focus on performance, not appearance.  

Establish minimum performance requirements.  

Address technological failures early.  

Source: Pacific Northwest National Laboratory, Compact Fluorescent Lighting in America: Lessons 

Learned on the Way to Market (June 2006), p. iii. Online. Available: http://apps1.eere.energy.gov/ 

buildings/publications/pdfs/ssl/cfl_lessons_learned_web.pdf. Accessed: November 20, 2010.  

 

Table 4.4 

Marketing and Consumer Education Lessons from CFL Market 

Penetration 

Target niche markets first.   

Clearly display energy savings compared to standard technologies.   

Use guarantees to support long-life claims.  

Use lighting displays and in-store product demonstrations.    

Establish and use standard, industry-wide terminology.   

Emphasize product value over product price.  

Use training programs and awareness campaigns to market builders, designers, and retailers.  

Give retailers tools such as brochures, posters, and wall displays. 

Work with utilities to provide educational materials with utility bills, etc.  
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Source: Pacific Northwest National Laboratory, Compact Fluorescent Lighting in America: Lessons 

Learned on the Way to Market (June 2006), pp. iii-iv. Online. Available: http://apps1.eere.energy.gov/ 

buildings/publications/pdfs/ssl/cfl_lessons_learned_web.pdf. Accessed: November 20, 2010.  

 

Table 4.5 

Program Design Lessons from CFL Market Penetration 

Utility giveaway programs may undermine normal distribution routes like retail sales (programs 

will cause sticker shock when consumers come for repeat purchase). 

Direct incentives at manufacturers, not consumers.   

Mandate retailer training in incentive programs.  

Design promotion program around the attribute most important to consumers (e.g. long life, 

energy savings)  

Launch programs around mature, tested products. Do not promote inferior products because they 

are available earlier. 

Multi-year programs should take place during the lighting season, September through April. 

Collaborate with known energy-efficiency programs like Energy Star.  

Avoid overlap and inconsistencies in multiple incentive programs through coordination.  

Source: Pacific Northwest National Laboratory, Compact Fluorescent Lighting in America: Lessons 

Learned on the Way to Market (June 2006), pp. iii-iv. Online. Available: http://apps1.eere.energy. 

gov/buildings/publications/pdfs/ssl/cfl_lessons_learned_web.pdf. Accessed: November 20, 2010.  

 

Major barriers to CFL adoption across the United States included the low price of 

incandescent bulbs relative to CFLs, the low price of electricity, a general lack of public 

knowledge of CFLs, and buying habits.
55

 Similar barriers exist for the introduction of 

LEDs. Negative experiences early on with CFLs shaped public attitude for decades, 

delaying significant energy savings.
56

 In order for LEDs to avoid a long and inefficient 

market introduction like CFLs, policymakers, manufacturers, utilities, and retailers must 

address the issues listed in Tables 4.3, 4.4, and 4.5. Research and development into LED 

technology are taking place on a global scale, with governments aiding in the transition to 

the widespread use of LED lighting. In the United States, the Department of Energy is 

addressing the barriers listed above to ensure a smooth and successful market 

introduction for LED technology. 

Levels of Policy Implementation 

Governments across the globe are recognizing the potential of LED technologies and are 

investing heavily in research and development in hopes of obtaining a portion of the 

future market share as well as reducing domestic energy consumption. Japan, for 

example, has invested $7.5 million in a program aimed at developing LED technologies. 

South Korea established the National Semiconductor Lighting Program, funded at $59 

million per year, China launched a five-year LED project funded at $248 million per 

year, and the EU continues to invest $6 million per year in LED research and 

development.  
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As part of EPACT 2005, the United States established the Next Generation Lighting 

Initiative, a $42 million per year project focused on developing lighting in six areas: 

longevity, quantum efficiency, stability and control, packaging, infrastructure, and cost 

reduction.
57

 A major element of the lighting initiative is government support of research 

and development (R&D) in solid-state lighting with ―the objective of lighting that would 

be more efficient, longer lasting, and have less environmental impact than incumbent 

lighting technologies.‖
58

 

The Energy Independence and Security Act of 2007 (EISA) established new energy 

efficiency standards for a variety of products, including external power supplies, 

residential clothes washers, electric motors, residential boilers, refrigerators, freezers, and 

dishwashers. In addition, EISA promotes the use of CFLs and LEDs by applying strict 

efficiency standards to all forms of lighting over the next decade.
59

 Standards increasing 

lighting efficiency by 25-30 percent will be implemented between 2012 and 2014, with 

an additional 70 percent in efficiency mandated by 2020.
60

 Though traditional 

incandescent bulbs will not meet the efficiency requirements, the provisions are meant to 

be technology-neutral (not favoring any particular technology), and high efficiency 

models of incandescent bulbs that meet the standards will continue to be available.
61

 

Despite industry support and a broad, bipartisan backing of EISA 2007, some controversy 

is arising over the government regulated efficiency standards. In 2010, Joe Barton (R-

Texas), Michael Burgess (R-Texas), and Marsha Blackburn (R-Texas), introduced H.R. 

6.144, a bill aimed at repealing the lighting standards outlined in EISA 2007. Burgess 

claims that ―thousands of American jobs have been shipped overseas as a direct 

consequence of this light bulb provision‖ and that the ―mercury contained in CFL light 

bulbs, which are being manufactured in China, is likely to pose a hazard for years to 

come.‖
62

 The number of displaced workers, however, may not be as high as Burgess 

suggests. As of 2010, only one major incandescent bulb manufacturing plant still existed 

in the United States. General Electric, which supported the EISA 2007 legislation, closed 

the plant in the fall of 2010 and laid off its 200 workers.
63

 In addition, supporters of the 

EISA legislation claim that concerns over mercury in CFLs are overstated. Though the 

bulbs do contain traces of the toxic substance, over 50 percent of mercury emissions each 

year is due to the emissions associated with coal fired electrical power.
64

 In contrast, 0.12 

percent of all US mercury emissions could be attributed to compact fluorescent bulbs if 

100 percent of bulbs were not recycled and broken in a landfill.
65

 

The EISA 2007 legislation implements efficiency standards for lighting in an attempt to 

reduce energy consumption in the United States and to promote the manufacturing of 

new lighting technologies in the United States Though China currently dominates the 

CFL manufacturing sector, US companies hope to obtain a large market share for LED 

lighting, and the Department of Energy has implemented a number of policies to address 

the challenges facing LED lighting market penetration. 

Design challenges for LED lighting include ―source size, controllability, color quality 

and the precise development of LED arrays, electronic drivers, heat sinks, and optics‖.
66

 



107 

The Department of Energy has designed research grants to address these specific 

concerns.  

Because quality and technical problems delayed consumer acceptance of compact 

fluorescent bulbs for decades, the Department of Energy is working to avoid a similar 

market introduction failure for LEDs. It is doing so by addressing two main objectives: 

―overcoming technical and design barriers to high-quality solid-state lighting and 

establishing the foundations for successful market introduction‖.
67

 Table 4.6 provides a 

list of approaches that the DOE is using to accomplish these objectives. 

 

Table 4.6 

DOE Strategies for Expedient LED Market Penetration 

Strategy Description 

Gateway Demonstration Program Provides a venue to showcase high-performance 

LEDs 

Commercially Available LED Product 

Evaluation and Reporting (CALiPER) Program 

Tests LED products and compares performance to 

manufacturer claims and competitor products. 

Standards Development Working with standard-setting organizations to 

create and apply LED standards 

Design and Technology Competitions Heighten awareness of LED products and speeds 

market adoption 

Consumer Education Established voluntary ―Lighting Facts‖ label for 

LED lighting 

Source: United States Department of Energy, Solid-State Lighting: Brilliant Solutions for America’s 

Energy Future (June 2010), p. 5. Online. Available: 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/brilliant-2010_brochure.pdf. Accessed: 

November 10, 2010. 

 

The Gateway Demonstration Program showcases LEDs in outdoor settings. An example 

of a Gateway Demonstration is the I-35W project in Minneapolis, Minnesota, where a 

newly reconstructed bridge is lit by 20 LED street lights rather than conventional high-

pressure sodium bulbs. Energy costs are expected to be 13 percent less over the lifetime 

of the bridge, and maintenance costs will drop significantly due to the long life of LED 

lights.
68

  

The Commercially Available LED Product Evaluation and Reporting Program 

(CALiPER) is DOE‘s system for product testing. This is an especially important strategy, 

as some major problems with LED technology are inconsistencies in light quality and 

fixture type, and between performance claims and actualities. The quality of LED lights 

varies dramatically because ―traditional manufacturers have much to learn about 

incorporating LEDs into their fixtures‖ and ―because SSL, like so many previous fast-

growth markets created by new technologies, has spawned the development of a large 
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number of inexperienced companies.‖
69

 Approximately 300 LED products have been 

tested by CALiPER; of these, more than half were considered poor performers. The 

CALiPER system aims to provide motivation for companies to improve their products 

and to increase product reliability and consistency for consumers.
70

 

Standards development is a second essential step in ensuring the widespread adoption of 

LED technologies. The Department of Energy is currently working with standard-setting 

organizations like the Illuminating Engineering Society of North America (IES) to create 

and apply standards to LED lighting technologies. These groups have already developed 

three standards to measure light output, light intensity and distribution, maintenance of 

light output over time, energy performance, light color, and color rendering.
71

 

Design and technology competitions, such as the L Prize competition, award companies 

that meet prescribed energy efficiency and performance levels with product promotion. 

The first L Prize entry, an LED lamp with a standard screw-in base (A-lamp base), was 

made by Phillips in 2009.
72

 

The Department of Energy is pursuing a consumer education campaign using a labeling 

system for lighting similar to a nutritional facts label for food. The voluntary system 

requires manufacturers to test their products against DOE-prescribed standards and label 

them accordingly. Figure 4.1 illustrates the information on a lighting facts label. 

 

Figure 4.1 

Department of Energy “Lighting Facts” Label 
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Source: United States Department of Energy, Lighting Facts, Anatomy of the Label. Online. Available: 

http://www.lightingfacts.com/default.aspx?cp=content/label. Accessed: October 31, 2010. 

 

With the help of these strategies, DOE hopes to make technological advances 

incrementally over the next ten years. In its Multi-Year Program Plan, the Department of 

Energy identifies five milestones from fiscal year 2008-2020 that establish goals for LED 

efficiencies (lumens per watt), lifetimes (hours), prices (dollars per kilolumen), and light 

color (correlated color temperature, CCT).
73

   (See Table 4.7.) 

 

Table 4.7 

DOE Multi-Year Program Plan Milestones 

Milestone Year Target 

Milestone 1 FY08 LED pkg: 80/lm/W, < $25/klm, 50,000 hrs 

Milestone 2 FY10 Comm. LED pkg: > 140 lm/W cool white; >90 lm/W warm white; 

< $10/klm 

Milestone 3 FY12 Luminaire: 100 lm/W efficacy; ~1800 lumens; CCT ~ 4100 K 

Milestone 4 FY15 LED pkg: < $3/klm; CCT = 4100K 

Milestone 5 FY20 Luminaire 140 lm/W; >3500 lumens; CCT ~ 4100K; < $5/klm 

Source: United States Department of Energy, Solid State Lighting Multi-Year Program Plan: Technology 

and R&D (2010), slide 9. Online. Available: http://apps1.eere.energy.gov/buildings/publications/pdfs/ 

ssl/welsh_multi_raleigh2010.pdf. Accessed: October 31, 2010.  

 

Figure 4.2 shows the Department of Energy‘s projected increase in solid-state lighting 

efficiency, with current LED technology at 102 lumens per watt. Fluorescent and 

incandescent efficiencies are provided for comparison. 

Though widespread LED market penetration is still years away, the rapid pace of 

technological improvement and the corresponding Department of Energy policies make 

the rise of the LED bulb likely.  
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Figure 4.2 

Current and Projected LED Efficiency 

 

Source: United States Department of Energy, Solid-State Lighting: Brilliant Solutions for America’s 

Energy Future (June 2010). Online. Available: http://apps1.eere.energy.gov/buildings/publications/ 

pdfs/ssl/brilliant-2010_brochure.pdf. Accessed: November 10, 2010. 

 

Though widespread LED market penetration is still years away, the rapid pace of 

technological improvement and the corresponding Department of Energy policies make 

the rise of the LED bulb likely. 

LED: Effectiveness of Policies 

Policies promoting LED lighting are so recent that it is difficult to make statements about 

their efficacy. However, the lessons learned from the failures of the policies promoting 

compact fluorescent bulbs should indicate a clear path for success for the Department of 

Energy in its promotion of LED lighting. Both EPACT 2005 and EISA in 2007 

established minimum efficiencies for lighting, effectively phasing out incandescent bulbs 

while rendering CFL and LED lighting the obvious choice. In establishing these 

minimum efficiency standards, the federal government is eliminating the primary barrier 

to the widespread adoption of CFL and LED lighting: competition from incandescent 

bulbs with low up-front costs. Promoting a market transition away from CFL bulbs 

toward the more efficient LED technology is DOE‘s next task—one that is being 

addressed through substantial research and development, standards setting, product 
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testing, and consumer education programs. These programs should help LED lighting 

overcome some of the obstacles faced by the introduction of CFL lighting and become 

widely accepted more rapidly.  

Energy Star 

Energy Star is a program of the US federal government that provides information to 

consumers as to which products save energy and money.
74

 Manufacturers must apply for 

permission to use the Energy Star label. To qualify, products must use less energy than 

minimum federal standards, with a minimum energy savings of 10-25 percent.
75

 In 2008, 

Energy Star reported that it helped American consumers save more than $19 billion in 

energy costs and prevented 43 million metric tons of greenhouse gas emissions.
76

 

The EPA established the Energy Star program in 1992 in response to the Clean Air Act. 

Though first promoting and identifying energy efficient computers and monitors, the 

Energy Star program has since expanded to 60 product categories. In 2009, 40,000 

product models were marked with the Energy Star label.
77

 

According to the EPA, the Energy Star program has enabled Americans to save $130 

billion in utility bills from 2000 to 2009 and prevented 45 million metric tons of carbon 

emissions in 2009 alone. By ―2008 there were more than 40,000 qualified product models 

that are produced by more than 2,400 manufacturers. These products claim to offer 

consumers savings of as much as 75 percent relative to standard models.‖
78

 The 

program‘s 2009 Annual Report claims that more than 17,000 organizations have 

partnered with Energy Star to reap the benefits of improving their energy management or 

to produce more energy efficient products.
79

 Furthermore, Energy Star enjoys brand 

recognition; ―by the end of 2009, more than 75 percent of the American public could 

identify the Energy Star label. Over one in three households knowingly purchased an 

Energy Star qualified product and 80 percent of those households credited the label as an 

important factor in their decision.‖
80

 

Although the EPA may perceive the Energy Star program as a success, the US 

Government Accountability Office (GAO) reported that the ―Energy Star certification 

process is vulnerable to fraud and abuse.‖
81

 GAO put 20 fictitious products through the 

Energy Star certification process; of these, 15 earned certification, despite providing fake 

information in their applications. Further, reviews by Consumer Reports suggest that 

Energy Star should tighten up the standards for granting certification; manufacturers 

themselves conduct most of the testing required by the EPA for Energy Star products. 

Consumer Reports claims the results of the testing may not be entirely accurate. A 

dishwasher manufacturer, for example, may test the machine using clean dishes and 

therefore get better results than when the same dishwasher is in use at a regular 

household.
82

 Both GAO and Consumer Reports advocate independent, third-party testing 

of potential Energy Star products. 

Energy Star provides a way for consumers to identify an energy-efficient product and for 

manufacturers to effectively market the green aspect of their products. It also provides 

economic incentives for both consumers and manufacturers.
83

 In some cases taxes on 
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other rebates have been tied to energy efficient products, and the government requires all 

federal buildings to meet Energy Star standards. 

From the perspective of the consumer, labeling helps identify energy-efficient products 

and practices to improve household energy management. Although consumers may pay a 

premium for Energy Star equipment (compared with what they would pay for standard 

models), they see a return on their investment through lower utility bills. Homes and 

commercial and industrial buildings certified by Energy Star, for example, report 

―savings of up to 10 to 25 percent over the minimum federal standards.‖
84

 Further, given 

the increase in energy prices in the past decade, consumers have a greater incentive to 

invest in products and practices that save energy over the long term.  

Tax policy has also played a key role in spurring demand for energy efficient products. 

The Energy Policy Act of 2005 granted a 10 percent credit for energy efficiency 

improvements such as better insulation systems in an individual‘s home.
85

 The recently 

enacted American Recovery and Reinvestment Act (ARRA) ―increases the energy tax 

credit for homeowners who make energy efficient improvements to their existing homes. 

The new law increases the credit rate to 30 percent of the cost of all qualifying 

improvements and raises the maximum credit limit to $1,500 for improvements placed in 

service in 2009 and 2010.‖
86

 In addition, some states have instituted rebate programs for 

purchases of selected Energy Star appliances.
87

 

Another factor in the success of Energy Star may be increased awareness among 

consumers about the effects of human-induced carbon emissions on the environment. The 

Energy Star label provides manufacturers with a marketing tool that communicates the 

energy saving benefits of their products. They too have an economic incentive to develop 

more energy efficient products. Consumers are willing to pay a premium for these kinds 

of products to benefit from energy savings and tax credits. The Energy Star label also 

allows businesses to convey and market their commitment to green practices. Although it 

is hard to quantify this particular side effect, studies have shown that consumers expect 

businesses to take a more active role in addressing environmental issues such as climate 

change.
88

 Indeed, according to a McKinsey survey, ―nearly 70 percent [of executives] say 

climate change is somewhat or very important in managing corporate reputation.‖ 
89

 

Increased awareness may increase consumers‘ willingness to pay a premium for an 

energy-efficient product, and the Energy Star logo provides an easy way to recognize 

such products. 

Energy Star: Effectiveness of Policy 

Overall, the Energy Star program represents a successful federal program that promotes 

energy efficiency in the United States. Since 1992, the Energy Star program has 

prevented 1200 million metric tons of greenhouse gas emissions and provided savings of 

$250 billion to businesses and consumers.
90

 In 2009 alone, these savings translated to 200 

billion kilowatt-hours, or 5 percent of total US electricity demand.
91

  

The Government Accountability Office identified systemic failures in the Energy Star 

accreditation process that cast some doubt on the accuracy of the EPA figures cited 
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above. Though the certification system is indeed vulnerable to fraud and abuse, the vast 

majority of products labeled by Energy Star are likely making legitimate efficiency 

claims. The Environmental Protection Agency must address the oversight failures that the 

GAO report describes to maintain legitimacy. There is no doubt, however, that the 

Energy Star label is a powerful marketing tool that effectively promotes energy efficient 

products. 
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Chapter 5.  Distributed Solar Photovoltaics 

Summary 

Although solar energy has potential for Austin Energy‘s future energy plans, logistical 

and financial constraints hinder the broad adoption of solar power in Austin. The 

strengths of solar energy as an energy option include zero-emissions power generation, 

peak generation that roughly coincides with peak demand, and local generation, as 

rooftops and structures in urban areas can be sites for solar photovoltaic systems. A 

distributed solar photovoltaic network allows customers to sell energy back to the power 

grid through net metering, reducing peak demand, increasing green energy generation, 

and preparing utilities to handle increasing alternative energy standards that may soon be 

dictated by law or policy. 

The barriers to solar photovoltaics include a significantly higher cost for solar energy 

versus traditional carbon-based power generation. Solar energy tends to be intermittent 

and unreliable, dependent on weather, time of day, and other uncontrollable variables. 

The power transmission infrastructure in Texas is currently insufficient to handle large 

geographic shifts in power generation, so moving power from some locations, such as 

West Texas, is neither easy nor inexpensive. Texas needs to build new power lines and 

upgrade old transmission infrastructures in order to promote the continued growth of 

solar photovoltaic technologies.
1
 

Austin Energy has a long history of developing distributed solar photovoltaic technology 

through incentives and rebates. However, programs up to this point have only been 

successful in achieving approximately 4 Megawatts of generation out of Austin Energy‘s 

more than 2,400 Megawatt generation mix.
2
 Current projects like the public-private 

Pecan Street Project aim to ―make the city of Austin into America‘s clean energy 

laboratory—a place for researchers and entrepreneurs to develop, test, and implement the 

urban power system of the future.‖
3
 The primary aim of Austin Energy‘s solar initiatives 

is to integrate solar photovoltaic technology into Austin Energy‘s power distribution 

system, with a declared goal of achieving 200 Megawatts of distributed solar power 

generation by 2020.
4
 

If Austin‘s 2020 goal is to be achieved, then such generation would come from multiple 

sources: purchase price agreements with large solar arrays around Austin such as the 30 

Megawatt Weberville solar project; solar development on land owned and leased in West 

Texas; and urban photovoltaic arrays installed on Austin city structures, residential and 

commercial roof space.
5
 Policies will have to be implemented that significantly promote 

the rollout of solar photovoltaic generation over the next nine years. These policies will 

have to overcome economic, legal, and technical obstacles to achieve the appropriate 

adoption rates. This chapter recommends continuing the current policies of incentives and 

rebates, implementing feed-in tariffs to accelerate solar generation, and exploring new 

economic incentives and partnerships to accelerate solar photovoltaic adoption in Austin. 
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Overview of Solar Photovoltaic Technology 

Solar Photovoltaic (PV) technology is a decades-old set of renewable energy 

technologies that generates power by converting light into electricity. Modern solar PV 

cells can be arrayed together and used with a power inverter to create alternating current 

(AC) power, capable of running household lights and appliances. Stand-alone solar 

panels have been installed on residential, commercial, and military rooftops for decades.
6
 

Connecting solar PV-equipped homes and businesses to a local power grid with net 

metering creates a distributed network of solar power-generators. This configuration has 

several advantages. For the home or business owner, the need for battery storage is 

eliminated, as excess electricity can be fed into the power grid as needed, or pulled from 

the power grid when the owner‘s demand exceeds solar power generation. Consumers 

connected to the grid in this way can be billed only for the electricity required from the 

grid. To the utility‘s advantage, maximum distributed solar power generation typically 

occurs during periods of heavier demand, somewhat reducing the utility‘s reliance on 

other peak generation methods. 

Solar PV technology has been around more than 50 years. The solar photoelectric effect 

was discovered in 1839 by Edmund Becquerel.
7
 Albert Einstein further explored the 

photoelectric effect in his 1905 paper ―Concerning an Heuristic Point of View Toward 

the Emission and Transformation of Light.‖ He was awarded the Nobel Prize in Physics 

in 1922 largely for his work with the photoelectric effect.
8
 Bell Labs introduced the first 

PV device in 1954. By 1958 solar PV cells were being used in both scientific and 

commercial applications, including the United States space program.
9
 Scientists and 

engineers have developed new PV materials and improved existing systems to increase 

efficiency and reduce costs, so that as of 2011 solar PVs are feasible for a wide variety of 

applications including pocket calculators, traffic lights, emergency telephones, rural 

water pumps, and small home and commercial power generation.
10

 

The photoelectric effect is a natural phenomenon by which materials emit electrons upon 

being struck by light. Passing these electrons uni-directionally between bands or layers of 

material creates electrical voltage which can be used to power electrical devices. This 

direct current (DC) can be used to power electrical equipment or charge a battery. 

Linking solar cells together into an array allows a significant amount of electricity to be 

generated at once. Adding an electrical inverter converts power from direct DC to AC, 

which allows solar cells to power standard household appliances. Figure 5.1 illustrates 

the components of a PV system. 

Several types of PV systems are used commercially, both silicon-based and thin-film. 

These technologies differ in manufacturing methods, costs, and efficiency. Silicon-based 

solar cells operate between 12 and 17 percent efficiency, while thin film solar cells 

operate between 6 to11 percent efficiency.
11

 The materials currently used for PV cells 

include monocrystalline silicon, polycrystalline silicon, amorphous silicon, and the thin-

film materials cadmium telluride, and copper indium gallium selenide.
12
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Figure 5.1 

Diagram of Photovoltaic Action 

Source: Texas Comptroller of Public Accounts, The Energy Report 2008 (May 2008), p. 140. Online. 

Available: http://www.window.state.tx.us/specialrpt/energy/. Accessed: October 13, 2008. 

 

Single-crystal silicon, widely used in the manufacture of electronic components, were 

first developed for solar PV cells in the 1950s and remain the backbone of the solar 

industry. As solar cells are less demanding than computer electronics regarding structural 

imperfections, as of 2010 manufacturers prefer to replace single-crystal silicon with less 

expensive polycrystalline silicon.
13

 

Polycrystalline silicon or polysilicon is easier and less costly to manufacture, although it 

is less efficient than monocrystalline silicon. Typical wafer silicon modules are 13 

percent to 20 percent efficient. 

Amorphous silicon is the non-crystalline allotropic form of silicon. It can be applied in 

thin films, making it useful in a variety of solar applications. Cheaper to produce than 

crystalline silicon, it is also less efficient. Due to thinness, several thin-film cells can be 

stacked on top of each other, each tuned to work well with a specific frequency of light, 

thus increasing efficiency. Amorphous silicon manufacturing requires approximately 99 
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percent less silicon than is required by typical crystalline silicon cells, potentially leading 

to significantly reduced material costs.
14

 

Cadmium telluride (CdTe) is useful in the manufacture of thin-film solar cells because it 

converts light to electrons more efficiently than amorphous silicon in a thin-film solar 

cell design with a low manufacturing cost. Less efficient than polysilicon, the best CdTe 

modules are about 10.7 percent efficient. 

Copper indium gallium selenide (CIGS) is a polycrystalline thin-film solar material that 

is less toxic than cadmium telluride and boasts a higher efficiency. The best test 

efficiency achieved by CIGS cells as of December 2005 was 19.5 percent.
15

 

Figure 5.2 provides an overview of the relative research-cell efficiencies of several solar 

PV technologies. Real-world operating efficiencies are typically much lower than the best 

results achieved in the laboratory. 

 

Figure 5.2 

Best Research-Cell Efficiencies 

Source: United States National Renewable Energy Laboratory, Best Research-Cell Efficiencies. Online. 

Available: http://www.google.com/images?hl=en&sugexp=ldymls&xhr=t&q=best+research-cell+ 

efficiencies&cp=14&bav=on.2,or.r_gc.r_pw.&um=1&ie=UTF-8&source=univ&sa=X&ei=Nap5Tc2 

2IYKglAfN_dTxBQ&sqi=2&ved=0CEAQsAQ&biw=1159&bih=530. Accessed: January 13, 2011. 
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In addition, the relative efficiencies of the solar PV material should be considered in 

relation to manufacturing and installation costs. This measure of efficiency is typically 

referenced in units of dollars per WP. The current cost of silicon-based solar modules, 

which continue to dominate the commercial market, is around $2 per WP. Grid-

connected solar PV systems are currently being installed for $6 to $7 per WP, including 

installation and associated power conditioning equipment.
16

 Clearly, solar panel costs 

only contribute a minor portion of total PV system costs. Other cost components include 

site assessment, site engineering, installation, grid hook-up, and inverter costs, all of 

which account for at a large proportion of total system costs.  

As previously mentioned, commercially-dominant crystalline silicon-based solar cells 

currently achieve about 12-17 percent efficiency in commercially available modules. The 

National Renewable Energy Laboratory (NREL) estimates that the efficiency of these 

modules will increase to 15-20 percent by 2020, resulting in decreasing costs per WP.
17

 

Aside from high initial capital expenditures, solar panels have low operational costs. Fuel 

costs are zero and maintenance costs can be negligible. The United States Energy 

Information Administration (EIA) estimated maintenance costs to be less than 0.2 percent 

of original capital investment costs. For example, a PV system with capital costs of 

$7,000/kW would be expected to have annual fixed costs of $11.20/kW.
18

 

Solar PV arrays can be deployed on residential and commercial rooftops and integrated 

into building materials in a manner that minimizes land usage. Fixed PV systems have no 

moving parts, which minimizes the need for maintenance. PV systems mounted on 

mechanical sun-tracking structures achieve higher efficiencies at the cost of higher 

maintenance.
19

 PV plants do not consume fuel or water and do not emit air, water or 

noise pollution, making them ideal for placement in urban environments. 

PV arrays have very high mechanical availability factors but low capacity factors due to 

the limited availability of sunlight. The operational life expectancy for solar PV systems 

ranges from 20 to 40 years.
20

 Advances in technology and manufacturing processes have 

improved PV conversion efficiencies by 50 percent in the last ten years while 

manufacturing costs have steadily trended downward.
21

 Some American PV 

manufacturers have cut production costs to the $2/watt range, while some manufacturers 

in China are selling solar PV panels in 2011 for as little as $1.35/watt.
22

 

Nearly all locations in the United States have enough sunlight to make solar PV 

generation possible. Because high levels of sunlight during the middle of the day 

correspond roughly to high levels of demand for electricity, solar PV systems are suitable 

to help utilities meet heavy daytime load requirements.
23

 Solar insolation, a measure of 

the amount of sunlight that reaches the earth, varies with latitude, weather, and other 

variables, and is directly tied to potential solar PV power generation. Compared to other 

countries ahead of the United States in Solar PV adoption, the United States enjoys the 

significant advantage of higher solar insolation. While solar insolation is highest in the 

southwest, almost all of the United States receives enough solar energy to make solar PV 

systems feasible. Figure 5.3 compares solar insolation between the United States, Spain, 

and Germany.  
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Texas receives 250 quadrillion British Thermal Units (BTUs) per year, on average, 

enjoying the most significant solar potential in the United States.
24

 West Texas receives 

one of the highest levels of insolation in the world.
25

 Based on this, solar PV generation 

in Texas is an attractive option for alternative energy. Even in Austin, where solar 

insolation is roughly two-thirds that of west Texas, enough solar energy falls on a single 

acre to equal the energy equivalent of 500 barrels of oil each year.
26

  

 

Figure 5.3 

Solar Resources in the United States, Spain, and Germany 

 

Source: United States National Renewable Energy Laboratory, Solar Energy Market Evolution and 

Technical Evolution Solar Vision Study-Draft (May 2008), p. 13. Online. Available: 

http://www1.eere.energy.gov/solar/pdfs/svs_chapter_2_markets.pdf.  Accessed: January 13, 2011. 

 

Case Study: Germany 

Germany has the world‘s highest rate of solar PV adoption, with an estimated installed 

capacity of 3.8 gigawatts as of the end of 2007.
27

 About 99 percent of solar PV systems 

in Germany are connected to the power grid. Germany has achieved this in spite of its 
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relatively poor insolation compared to other countries such as the United States. Why has 

the country been so successful with its solar programs where others have failed? The 

answer lies in Germany‘s dedication to renewable energy incentives. 

Germany‘s Electricity Feed-in Law took effect in 1991. Under this law, German utilities 

were obligated to purchase all available renewable energy from renewable electricity 

producers at a fixed price set by utility regulatory agencies. Germany provided extensive 

capital subsidies for rooftop solar PV systems to households, and by law, producers of 

solar PV energy could sell electricity to utilities at 90 percent of the final retail market 

price.
28

 This created a very good environment for widespread solar PV adoption. 

However, in 1998 the retail rate of electricity fell with the liberalization of European 

electricity markets. Germany responded in April 2000 with the Renewable Energy 

Sources Act (EEG), which stabilized feed-in tariffs for up to 20 years, creating a 

favorable environment for renewable electricity investment and development. Early 

compliance has resulted in an exemplary record of solar PV adoption in Germany, and 

other countries now look to the German EEG law as a model for their own programs.
29

 

The EEG obliges electric utilities to purchase renewable solar energy at rates 

significantly above their own production costs ensuring a beneficial environment for 

solar development, but also increasing costs passed down directly to consumers. Solar PV 

proponents justify the increased costs by highlighting solar energy‘s positive effects on 

energy security and employment, and most notably by emphasizing solar energy‘s role as 

a vital environmental and climate protection measure.
30

 

Germany‘s feed-in tariff scheme is the major driver for the boom in renewable energy in 

that country. Since 2000, the share of renewable energy in total electricity production has 

increased from about 6 percent to about 14 percent in 2007 while the annual cost of feed-

in tariffs has doubled three times, to €7.4 billion. Solar energy receives the highest 

subsidy per kilowatt hour (kWh) among all renewable energy technologies. In August 

2004, an amendment to the EEG included an increase in solar compensation, triggering 

an immediate increase in the number of installed solar systems, from 84,870 in 2004 to 

172,810 in 2005 and 233,557 In 2006. Table 5.1 shows the increase in solar adoption in 

Germany from 2000 through 2006.
31

 

 

Table 5.1 

Solar Adoption in Germany, 2000-2006 

 
2000 2001 2002 2003 2004 2005 2006 

Production, Mio kWh 64 116 188 313 557 1282 2220 

Annual Increase, Mio kWh 
 

52 72 125 244 725 938 

Capacity Installed, MW 62 125 210 308 788 1762 2405 

Annual Increase, MW 
 

63 85 98 480 974 643 

Annual Solar Cell Production 16 33 54 98 187 319 530 
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Source: Bhandari Ramchandra and Stadler Ingo,
 “
Grid parity analysis of solar photovoltaic systems in 

Germany using experience curves,‖ Solar Energy, vol. 83, Issue 9 (Sept. 2009), pp. 1634-1644. 

Online. Available: http://www.sciencedirect.com/science/article/B6V50-4WKY7BJ-2/2/401a68 

45036eca74849f064ea5d64f75.  Accessed: February 1, 2011. 

 

By 2012, Solar PV will account for about 20 percent of feed-in tariffs while providing 

only about 5 percent of Germany‘s electricity supply.
32

 Has this result been worth the 

large investment cost? 

Germany‘s solar PV promotion has yet to yield any of the expected climate, economy 

and employment benefits. In their 2008 study of Germany‘s renewable energy program, 

researchers Ramchandra and Ingo conclude that the net climate effect of EEG is zero. 

Further, they find that net employment in Germany does not seem to benefit significantly 

from EEG, while the net costs of EEG impose a substantial drain on the budgets of 

private and industrial consumers. However, it is noted that the increased market for solar 

PV cell manufacture has created jobs abroad, where a significant share of PV modules 

are manufactured, most notably in China and Japan.
33

 

In its 2007 report on Germany‘s energy policy, the International Energy Agency (IEA) 

recommends considering ―policies other than the very high feed-in tariffs to promote 

solar photovoltaics.‖
 
Arguing that the German government should keep cost-effectiveness 

as a critical component of its policies, the IEA proposes policy instruments favoring 

research and development.
34

 From a social perspective, implementing policies to increase 

funding of solar PV research and development in Germany may have been a better 

alternative than generously subsidizing the production of solar energy. 

Case Study: Berkeley, California 

In 2008, the City of Berkeley launched the Berkeley Financing Initiative for Renewable 

and Solar Technology (FIRST). FIRST promoted solar PV installations by providing 

property owners an opportunity to borrow money from the City‘s Sustainable Energy 

Financing District for the installation of solar PV systems and repay the financing 

through their own property tax bills over 20 years. The FIRST program served as a model 

for Property Assessed Clean Energy (PACE) programs across the country. 

The Berkeley FIRST program was intended to solve many of the financial hurdles of 

incorporating solar in the residential sector. The benefits of the program included: 

 Relatively little up-front cost to the property owner; 

 Costs of PV installation spread over 20 years and paid through a special tax on the 

property; 

 Financing costs comparable to a traditional equity line or mortgage; and  

http://www.sciencedirect.com.ezproxy.lib.utexas.edu/science/journal/0038092X
http://www.sciencedirect.com.ezproxy.lib.utexas.edu/science?_ob=PublicationURL&_tockey=%23TOC%235772%232009%23999169990%231352051%23FLA%23&_cdi=5772&_pubType=J&view=c&_auth=y&_acct=C000059713&_version=1&_urlVersion=0&_userid=108429&md5=f8bec9bc0180de0b3676a6c008093f35
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 The tax obligation is transferable to subsequent owners of the property with the 

solar PV system.
35

 

The City of Berkeley has produced a guide on how to institute property tax based 

financing districts, entitled ―Guide to Energy Efficiency and Renewable Energy 

Financing Districts for Local Governments,‖ available on the city‘s website.
36

 

The FIRST pilot program was funded by grants from the Bay Area Air Quality 

Management District and the Environmental Protection Agency and concluded in 

November of 2010. A total of thirteen solar installation projects, distributed throughout 

Berkeley, received funding through FIRST. It acted as a test of the viability of the 

financing mechanism, and was limited in size and scope.  

Since the completion of FIRST the Federal Housing Finance Authority, Freddie Mac and 

Fannie May have issued strict rulings against any PACE program that places a PACE 

loan in a superior position to a mortgage. Unless and until these issues are resolved, 

Berkeley will not be establishing an ongoing program.
37

 

Advantages and Disadvantages of Solar PV 

The potential upside for solar PV systems is high in Texas because of the high potential 

energy output of such systems. It is estimated that a solar PV generating plant of 140 km
2
 

sited in a region like west Texas could theoretically generate all of the electricity needed 

in the United States (2,500,000 GWh/year), assuming certain efficiencies.
38

 With 

continuing government subsidies and incentives, the solar PV industry could grow to 

produce electrical power at or less than Austin Energy‘s cost requirements. 

On the downside, the solar PV industry is vulnerable to materials shortages. PV 

producers recently faced a shortage of silicon. This increased the price of solar PV cells 

and put solar manufacturers at a disadvantage in the energy market. 

Solar PV systems only produce significant power during the day when the sun is in the 

sky. Off-grid systems require expensive batteries to supply electricity at night. On-grid 

systems require advanced connections to the power grid to enable net metering, which 

may pose a significant upfront cost to the utility.  

Peak solar electricity production occurs in the early afternoon, several hours before peak 

electricity demand at about 5 o‘clock. Without a viable energy storage solution, solar PV 

will not be able to meet utility needs as a peak power source, increasing the challenge of 

reaching economic viability. 

Solar PV manufacturers and installation companies are vulnerable to uncertainty with 

legal, technical, and environmental issues. For example, when Austin Energy‘s rebate 

program went over budget in 2009, several local solar installation companies were not 

able to endure the long wait for the next fiscal year and went out of business. 
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Environmental Impacts 

Life Cycle Analysis is an approach used to quantify the pollution a system causes in its 

entire life cycle, from raw materials extraction to recycling or disposal. Solar PV systems 

emit no pollution during operation, however, significant greenhouse gases and toxic 

materials are used in the manufacturing process. Additionally, PV disposal at the end of 

its life cycle faces the same challenge of toxic e-waste disposal that exists in other sectors 

of the electronics industry. 

The manufacture of silicon-based PV systems generates greenhouse gas (GHG) 

emissions of 100g CO2/kWh with the bulk coming from sulfur hexafluoride (SF6), a gas 

with 25,000 times the greenhouse potency of CO2. Sulfur hexafluoride is considered by 

the Intergovernmental Panel on Climate Change (IPCC) to be the most powerful 

greenhouse gas in existence.
39

 Sulfur hexafluoride reacts to create sulfur dioxide, so 

silicon PV manufacturing facilities must employ scrubbers to comply with federal 

environmental law. In addition, Silicon PV manufacturing makes use of lead, sodium 

hydroxide and other corrosive substances, all of which require expensive disposal 

systems that add to the cost of silicon-based PV systems.
40

 

Thin-film PV manufacturing creates the same GHG emissions as silicon PV as well as 

other hazardous byproducts. CIGS thin-film manufacturing produces highly toxic 

hydrogen selenide as a byproduct. Cadmium telluride thin-film manufacturing uses 

cadmium, noted as ―extremely toxic‖ by the Environmental Protection Agency (EPA).
41

 

Despite these challenges, solar PV stands out among alternative energy options because it 

produces no solid waste, air, water, or noise pollution, and requires no water while 

generating power. Only during manufacturing are small amounts of hazardous waste, 

such as cadmium and arsenic, produced that must be disposed of properly.
42

 Finally, most 

solar PV systems are installed on existing structures and do not require any additional 

land for their support.
43

 Table 5.2 summarizes advantages and disadvantages of solar PV. 

 

Table 5.2 

Benefits and Drawbacks of Distributed Solar PV 

 Benefit Drawback 

Costs No consumable fuel costs. After 

installation, systems are virtually 

maintenance-free for expected life of 

20-40 years. 

Expensive. High capital costs present a 

major obstacle to wide deployment. 

Large financial incentives required for 

most customers.  

Manufacturing and 

Disposal 

Existing fabrication technologies for 

computer technologies are well suited 

for solar PV manufacturing. Costs 

dropping to $1/watt. Solar PV 

materials can be recycled. 

Some toxic materials and greenhouse 

gases produced during manufacture. 

Toxic materials require proper disposal 

after life cycle. 

Geographic 

Viability 

―Solar Belt‖ areas well-suited to solar 

PV. Texas has above-average 

insolation. 

Areas with highest insolation levels, 

such as west Texas, tend to be away 

from population centers. 
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Infrastructure Net metering is improving. Utilities need to upgrade grids to enable 

net metering; high upfront 

infrastructure costs 

Inputs Unlimited free solar energy; zero 

consumables used for electricity 

generation. 

-- 

Footprint Urban rooftop or architectural 

installation requires minimal footprint. 

significant footprint if deployed on 

separate support structures 

Peak Generation Nature of solar reduces system-wide 

demand best during high-demand 

daylight hours. 

No power generation at night; 

significantly reduced generation on 

cloudy/rainy days 

Emissions Zero pollution and noise emissions 

during power generation 

-- 

 

Launch Trajectory 

Energy technology innovation presents an especially complex challenge for the United 

States because of the deeply imbedded role of fossil fuels in our economy. Fossil fuels 

are cheap, convenient, efficient, available in huge quantities, and they contribute $1.5 

trillion to the US economy. In response to the heavy lobbying efforts of the fossil fuel 

sector, public-sector funding for new energy innovation fell by half between 1980 and 

2005, and private-sector funding followed suit. Further, the rush of venture capital 

funding that occurred between 2005 and 2008 was directed in significant part to 

investments in existing technologies already supported by subsidies and heavy 

lobbying.
44

 

It is clear that energy technologies need to be funded through several phases of 

development, from research and development to market insertion. Recently, US 

legislation to fund energy innovation tended to be technology-specific, with a large 

portion of public and private investment going towards existing technologies that are 

already benefiting from subsidies. 

Distributed solar PV fits into the energy technology roadmap as a secondary, uncontested 

technology, an energy technology that supplements but does not threaten to displace 

existing generation technologies. As technologies such as net metering and solar 

concentration continue to develop, solar PV will continue approaching price 

competitiveness with peak generation such as natural gas turbines. Meanwhile, 

government incentives are necessary to promote continued growth and development. 

One promising hybrid technology is concentrated solar PV, which uses lenses or mirrors 

to focus sunlight on a PV generator. The energy conversion area is significantly smaller 

than the total aperture. This allows the more expensive, highly efficient PV generators to 

be used economically. The technology works best with very high intensity sunlight such 

as that found in West Texas, and the arrays require mounting on precision sun-tracking 

mechanisms to achieve their high efficiencies. As of 2011, concentrated PV generators 

are planned for testing by Austin Energy in West Texas.
45
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Research and development funding over the last decade has resulted in significant 

advances in second and third generation PV technology, improving performance, 

lowering price, and increasing economic viability of solar PV technology. Thin film PV 

is cheaper to manufacture and can be applied to building materials for an effective, 

architecturally appealing solar PV solution. Third generation PV technology, quite 

different from previous PV semiconductor approaches, is now in the research stage. It 

includes technologies such as quantum dots and nanostructures to raise efficiencies and 

organic polymer materials to lower production costs.
46

 

Continued cost reductions, and the resulting further expansion of solar PV, will require a 

combination of advances in materials research, manufacturing improvements, cuts in 

installation cost, and economies of scale. Startup companies will continue to need public 

support to bridge the ―valley of death,‖ the period of low funding that typically looms 

between the R&D phase and commercial profitability.
47

 

Related Policy Incentives 

Solar PV now benefits from technology-specific back-end incentives to individual 

consumers, such as solar rebates offered by Austin Energy. In addition, in 2005 Congress 

enacted the first federal tax breaks for residential solar since 1985. These federal, state 

and local subsidies and rebates, as well as Renewable Portfolio Standards, need to be 

evaluated to determine their effectiveness relative to other back-end approaches, 

including government procurement incentives, technology standards for new 

construction, loan guarantees, and other regulatory mandates.
48

 

Austin Energy uses backend incentives and rebates to promote adoption of solar PV 

technology. Combined with the current federal tax rebate for solar PV installation, these 

incentives offer Austin Energy customers an opportunity to invest in solar PV with a 10- 

to 12-year payback period. 

Solar PV has enjoyed significant growth in Europe, but it is still one of the most 

expensive emerging technologies. While it is expected that the cost curve will continue to 

decline as solar PV achieves new technologies and economies of scale, it may take up to 

two decades to become cost-competitive unless there are significant breakthroughs in the 

technology.
49

 

The 2009 failure of climate change legislation in Congress indicates that there is still not 

sufficient political support to mandate CO2 reduction strategies such as cap-and-trade 

programs. However, it may be easier to gain political support for energy research and 

innovation than for climate change regulation. Promoting the supply side of technology 

innovation may be a catalyst for climate change program success, because the 

advancement of reliable technologies will assure industry and markets that charging a 

price for energy demand will work and remain affordable.
50

 

The 2009 legislative session in Texas saw 60 separate proposed bills promoting various 

solar PV incentives, all of which failed to pass. It seems unlikely that the Texas 

legislature will do anything to directly support solar in the near future. However, one 
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policy with potential might be legislation to exempt all solar from property tax, regardless 

of how or where it is implemented. Current laws exempt solar panels from property tax 

only in certain situations. A broader tax exemption policy might meet resistance from 

local entities that benefit from property tax, but if passed would help increase solar PV 

adoption without reducing existing funding levels.
51

 

The solar PV industry has grown in direct relation to the level of federal, state and local 

subsidies and incentives. Because capital costs make up ninety percent of solar PV 

expenses, potential investors in PV technology actively seek out financial incentives. 

However, uncertainty about the future political environment has hindered solar 

development. For example, two renewable energy incentives set to expire at the end of 

2008 were repeatedly brought up for renewal, but blocked eight times. Finally, Congress 

renewed the production tax credits late in 2008, just before they expired. The new law 

extended the 30 percent tax credit for eight years and eliminated a $2,000 benefit cap.
52

 

Finally, with US political support for carbon regulation and renewable portfolio standards 

steadily increasing, it seems likely that some form of federal legislation to create stricter 

standards may become law within the next decade. Electric utilities can benefit if they 

strategically position themselves to take advantage of anticipated legal changes. 

Analysis of Success and Failure 

The key challenge of implementing solar PV is economic. Governments and utilities are 

faced with the question of how to best promote solar PV adoption while balancing their 

fiscal constraints. Some possible solutions for this challenge are offering purchase rebates 

and incentives, offering feed-in tariffs, reducing taxes, loaning the money over 20 years 

(payable through a special property tax), and buying or leasing urban space for utility-

owned solar PV arrays. 

Austin‘s experience with offering rebates and incentives has been positive but limited in 

success. Offering rebates and incentives since 2004, with an average budget of $3 million 

per year, Austin has seen growth in solar PV adoption, but total distributed solar PV 

generation in Austin in 2011 amounts to only about 4 Megawatts. This is far below 

Austin Energy‘s current stated goal of 200 Megawatts of solar PV energy by 2020. 

Additional, effective incentives will be needed to meet Austin Energy‘s goal in the next 

nine years. 

Berkeley, California‘s pilot program of financing the money needed to install solar PV 

Arrays through 20-year loans to be repaid through a special property tax has met with 

mixed success. Conceptually, the program idea looks promising, but there are significant 

legal challenges to be overcome before the program can be implemented. Specifically, 

there is strong resistance from Fannie Mae and Freddie Mac to the program, and in Texas 

there is a constitutional prohibition against government entities extending credit or loans. 

These challenges will need to be overcome before the Berkeley model can be tested 

further. 
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Germany‘s experience with significant feed-in-tariffs has been very expensive, but on the 

other hand has made it a world leader in solar PV adoption. By guaranteeing a generous 

purchase price for solar PV electricity, Germany has stimulated the solar market and 

increased adoption dramatically. The cost of a feed-in tariff can be passed off to the end 

consumer of electricity, dramatically reducing direct costs to the utility. Ultimately, it 

must be asked whether the cost has been worth the result. However, from the perspective 

of effectively meeting Austin Energy‘s goal of 200 Megawatts by 2020, Germany‘s feed-

in tariff model may be the most promising. 

Another model, leasing commercial partner rooftop space for Austin Energy-owned solar 

PV arrays, has not been pursued. Investigation into this idea has found that commercial 

rooftop leasing costs would be higher than the costs of purchasing land for the same 

purpose.
53

 The rooftop leasing model could potentially make solar PV attractive to 

commercial partners and significantly speed up deployment in Austin, since it would 

provide shade to the structure, provide an additional stream of income to partners, and 

removes the financial risk to the commercial partners of purchasing their own solar 

arrays. However, the capital and leasing costs of such a program to Austin Energy would 

be very large, and it remains to be determined how Austin Energy might finance such a 

project. However, Austin Energy has already placed solar PV arrays on some Austin 

public buildings and parking structures, all successful demonstrations of solar rooftop 

concepts.
54

 

Conclusions 

1. Solar PV is still very expensive—too expensive to be attractive without heavy 

government subsidies. Currently, large local and federal government subsidies are 

driving the PV industry and increasing PV penetration. 

2. Best demonstrated methods of increasing PV adoption are increasing incentives. 

3. Installation rebates and incentives are working, but slowly. 

4. Feed-in tariffs and production-based incentives are effective in increasing PV 

penetration, but can be very expensive. 

5. Tax breaks, such as federal tax rebates and local property tax exemptions for solar 

arrays, help increase PV penetration. 

6. The best way to meet Austin Energy‘s ambitious 2020 goal is through a three-

pronged approach: building Austin Energy-owned utility-scale solar arrays, purchase 

price agreements for private solar arrays, and increasing distributed solar PV 

deployment in cooperation with commercial and residential customers. 

7. New solutions could include leasing rooftops for solar arrays or building urban solar 

structures that also provide shade to pedestrians or parking lots. 
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8. Austin Energy should continue to offer a variety of incentives to both commercial and 

residential customers, in order to hedge its bets and be best prepared for an unknown 

technical, legal and political future. 

Austin Energy is currently voluntarily administering an incentive program designed to 

promote the adoption of solar PV in Austin. Moving forward, Austin Energy must 

continue to analyze whether the social benefit of the program justifies its cost. The 

incentive program can be adjusted as necessary when environmental, legal and policy 

needs change over time. 

Austin Energy has committed to an aggressive schedule of renewable energy adoption by 

2020. In order to ensure this goal will be attainable, Austin Energy should diversify its 

renewable sources to include a range of alternative energy options, including wind, 

biofuels, and solar. With diversification, Austin Energy is hedging its bets against 

unforeseen legal changes or technical problems that might prevent Austin Energy from 

reaching its renewable energy goals. 

On the bright side, recent years have seen great progress in the solar PV sector. Prices for 

PV cells manufactured in the United States have fallen to the $2 range, and PV cells 

manufactured in China have dropped to near $1 per watt.
55

 Net metering, an important 

technology for measuring electricity flow for feed-in-tariffs, has improved dramatically. 

Much-needed infrastructure improvements to the Texas power grid are in progress. Only 

one area continues to be weak: bring the pricing down far enough to be attractive to 

consumers without heavy incentives. 

Currently, the cost of solar PV systems is still too high to be competitive with other 

renewables such as wind, so significant incentives are required. However, the cost of 

solar energy has dropped dramatically in the last decade, and the National Renewable 

Energy Laboratory (NREL) estimates that the levelized cost of electricity from solar PV 

systems will continue to drop significantly.
56

 

Although Waxman-Markey failed to pass in 2010, it is fairly likely that carbon-limiting 

legislation will pass through Congress within the next decade. Austin Energy should 

continue to monitor the legal environment while preparing for the future. The distributed 

solar PV program offers Austin Energy the opportunity to add significant rooftop solar 

capacity each year. Furthermore, maintaining current incentive programs will protect and 

incubate Austin‘s fledgling solar industrial and commercial base, providing valuable 

economic activity for that sector while Austin waits for the legal environment to change. 

When the federal mandate eventually changes, Austin will be well-positioned to move 

swiftly with a base of industrial and commercial solar companies already in place. 

Federal renewable portfolio standards and likely federal carbon regulation by 2020 would 

increase demand for renewable energy projects such as distributed solar PV. If Austin 

Energy positions itself as a leading producer of solar power, it will likely be able to sell 

renewable energy credits under the new federal renewable energy standards. 

Additionally, as anticipated federal mandates cause carbon emissions to become more 

expensive, Austin Energy will benefit from its position as an alternative energy leader by 
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keeping ahead of increasingly stringent standards or by trading carbon emissions credits. 

With continued growth in the solar PV sector, the utility‘s overall emissions would likely 

remain under a decreasing federal emissions cap. 
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Chapter 6.  Carbon Capture and Sequestration 

Executive Summary 

Carbon Capture and Sequestration (CCS) is the process of capturing carbon dioxide 

(CO2) from point sources above the ground and injecting the gas into underground 

repositories for indefinite disposal. CCS has been a successful practice of the petroleum 

industry for over 30 years as a tool for increasing oil production. These opportunities for 

enhanced oil recovery (EOR) represent only a small percentage of the total potential for 

CCS. Recent pressures to reduce greenhouse gases (GHGs) have put CCS in the spotlight 

as a means to recover CO2 from the atmosphere. While CCS is a technically viable and 

safe option for storing greenhouse gas emissions emitted by coal and natural gas plants, 

CCS faces economic, legal, and environmental obstacles preventing widespread adoption. 

This chapter defines CCS, explains how the technology has been launched to-date, 

describes the current and potential regulatory incentives, analyzes the barriers that may 

keep CCS from fulfilling its full potential, and identifies the next steps for CCS to be 

widely embraced. 

 

Figure 6.1 

National Electric Generation by Source 

Source: United States Energy Information Agency (EIA), Net Generation by Energy Source. Online. 

Available: http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html. Accessed: November 22, 2010. 
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The average American citizen uses 920 kilowatt hours (kWh) in electricity per month
1
 

and nearly 70 percent of this electricity is met by burning fossil fuels
2
 (see Figure 6.1). 

The fossil fuels that powered the industrial revolution continue to feed the needs of power 

plants worldwide, as they are relatively low-cost and plentiful. Coal is both the cheapest 

and most abundant fossil fuel. Found in 70 countries worldwide, the largest known 

deposits are in the United States, Russia, China, and India.
3
 Coal contributed 40 percent 

of the global energy mix in 2005. As the world‘s energy demands are projected to grow, 

this number is expected to rise to 45 percent in 2030.
4
 The United States currently relies 

on coal power for approximately 45 percent of its total electricity generation.
5
 Burning 

coal releases a number of gases which can contribute to a greenhouse effect on the earth 

by trapping the sun‘s heat in the atmosphere. CO2, one of the main byproducts of the coal 

burning process, accounts for over 80 percent of the GHGs produced in the United 

States.
6
 Coal burning for electricity is currently responsible for 42 percent of CO2 

emissions in the United States while producing nearly half of US electricity 

consumption.
7
 CCS is currently the only technology capable of capturing CO2 emissions 

from the power production process and reducing GHG emissions into the atmosphere.
8
 

The International Energy Agency (IEA) projects the global energy requirement to double 

from 2005 to 2030, and as much as 70 percent this growth will be met by burning fossil 

fuels.
9
 Widespread adoption of CCS has the potential to reduce the negative 

consequences of continued reliance on coal.  

How Carbon Capture and Sequestration Works 

CCS involves the capture, transport, and injection of CO2 into underground formations. 

The first step in CCS is to capture CO2 emissions from the air waste stream of a fossil 

fuel plant or other source. Capable of removing 90 percent of CO2 emissions,
10

 CCS is 

most commonly used in coal power plants, but also has applications to other CO2 emitting 

industrial processes including steel and cement production.
11

 CO2 can be removed from 

the plant‘s emissions in three ways: oxy-fuel combustion, post-combustion, and pre-

combustion. The oxy-fuel combustion process uses pure oxygen to burn the carbon that 

produces a mix of CO2 and water vapor. By eliminating the nitrogen that is produced 

when burning coal, gas, or other fuels with air; this process facilitates the removal of 

CO2. The post-combustion process removes CO2 from the combustion stream using a 

chemical absorption process. A pre-combustion process divides the fuel into CO2 and 

hydrogen. After the CO2 is removed, the hydrogen is burned.
12

 

Post-combustion is the oldest of these methods, having first been applied in 1936 as a 

method to reduce sulfur emissions using limestone slurry. In the 1980s, an adaptation 

using an amine liquid to strip CO2 from the flue of coal and gas plants was first tested on 

a small scale. Subsequent research has experimented with several amine solutions in an 

attempt to make the process as safe and energy efficient as possible. As perhaps the most 

adaptable method of capture for retrofitting existing plants, post-combustion amine 

scrubbing presents many attractive characteristics for initial CCS projects.
13

 

After capture, the gas is compressed to a supercritical liquid/gaseous state and then 

transported by pipeline, truck, or ship to the repository. The CO2 is then injected into 
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underground rock formations, generally at a depth of 2645 feet or greater to maximize 

capacity and storage and to ensure that the CO2 remains in the supercritical liquid state.
 14

 

The CO2 must be injected into an underground formation which will trap it indefinitely, 

preventing it from reaching sensitive areas, such as an underground source of drinking 

water (USDW). Geologists analyze geological formations to identify these naturally 

suitable locations deep below the earth‘s surface. Specifically, they look for a 

combination of porosity between rocks for CO2 to permeate and an impenetrable layer to 

trap the CO2 indefinitely (see Figure 6.2). One of the largest and most notable of these 

natural formations is the Jackson Dome in Mississippi and Louisiana, which has 

contained CO2 naturally with no evidence of leakage.
15

 

 

Figure 6.2 

Diagram  Illustrating Porosity and Trapping in the Subsurface 

 

Source: John Kaldi and Stefan Bachu, Site Selection and Storage Capacity for Geosequestration of Carbon 

Dioxide (August 2009), p. 4. Online. Available: http://www.searchanddiscovery.net/abstracts/pdf/ 

2010/hedberg_vancouver/abstracts/ndx_kaldi.pdf. Accessed: November 22, 2010. 

 

The Department of Energy has defined five categories of repositories suitable for 

geological carbon sequestration: mature oil and natural gas reservoirs, deep saline 

formations with brine, deep unmineable coal seams, oil and gas-rich organic shales, and 

basalt formations.
16

 Both the National Energy Technology Laboratory at the Department 

of Energy and the Bureau of Economic Geology (BEG) at the University of Texas at 

Austin have been mapping potential sites for CCS, with and without the opportunity for 

enhanced oil recovery. BEG has focused primarily on mature oil and natural gas 

reservoirs and deep saline formations with brine (see Figures 6.3 and 6.4).  
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Figure 6.3 

Candidate Sites for Sequestration in Brine 

Source: Jay Kipper, The Bureau’s Carbon Footprint. Bureau of Economic Geology (October 2010), slide 9. 

Online. Available: http://www.iemshows.com/exhibitor_documents/Jay%20Kipper.PDF. Accessed: 

November 22, 2010. 

Figure 6.4 

Candidate Sites for EOR 
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Source: Jay Kipper, The Bureau’s Carbon Footprint. Bureau of Economic Geology (October 2010), slide 9. 

Online. Available: http://www.iemshows.com/exhibitor_documents/Jay%20Kipper.PDF. Accessed: 

November 22, 2010. 

 

Oil and gas companies have injected CCS into the first category, mature oil and natural 

gas reservoirs, for over 30 years to improve oil production and maximize profits. 

Oilfields come in two types: operating and depleted. Depleted oilfields are often 

abandoned, not because there is no oil left underneath the surface, but because upstream 

activities reduced the subsurface pressure and increase the cost of pumping oil from the 

ground. Using EOR, oil companies are able to increase the underground pressure through 

CO2 injection and again produce oil at a profit. After injection, the CO2 is naturally 

trapped in the space formerly occupied by oil (see Figure 6.5). 

 

Figure 6.5 

EOR Diagram 

Source: Jay Kipper, The Bureau’s Carbon Footprint. Bureau of Economic Geology (October 2010), slide 8. 

Online. Available: http://www.iemshows.com/exhibitor_documents/Jay%20Kipper.PDF. Accessed: 

November 22, 2010. 

 

Sequestration in brine has not been used by industry without government subsidization 

because these sites do not offer the economic advantages of increased oil production. 

However, interest in these sites remains high because of the large volumes of CO2 they 

can store. 
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Incentives 

Incentives for CCS include constructing a sensible regulatory framework for CCS, 

providing a variety of grants and tax breaks encouraging the technology, and potentially 

mandating a cap on greenhouse gas emissions. This section will briefly describe the 

regulatory environment put in place at the federal and state levels and provide examples 

of a variety of grants and tax breaks made available at both levels of government. 

The federal government regulates CCS through the Safe Drinking Water Act of 1974, 

which mandates the EPA to set minimum requirements for underground injection control 

(UIC), in order to protect USDWs and ensure that injected CO2 will not cause public 

harm.
17

 The EPA, utilizing its legal authority, has recently required all firms injecting 

CO2 underground to report the amount of CO2 received, the amount of CO2 injected, and 

the source of the CO2. In addition, the EPA requires facilities to implement a monitoring, 

reporting, and verification (MRV) plan.
18

 The EPA‘s Rule 40 CFR Parts 124, 144, 145, 

146, and 147 provides Federal requirements for underground injection control of CO2 and 

provides additional insights into monitoring requirements in the United States and some 

best practices abroad. 

Texas is one of many states that have enacted CCS legislation (see Figure 6.6). The 

Texas Legislature passed Senate Bill 1387 in 2009 that authorized the Texas Commission 

on Environmental Quality (TCEQ) and the Texas Railroad Commission (TRC) as CCS 

regulatory agencies. Senate Bill 1387 sets up permit, fee, and financial responsibility 

requirements for well operators and mandates that RRC establish specific rules for 

operators. In accordance with EPA rules, RRC has already established specific rules for 

Type II wells, regarding the injection of CO2 for the purposes of enhanced oil recovery 

(EOR). In December 2010, RRC established new rules for Type VI wells for non-EOR 

purposes. These rules lay out specific requirements for well permitting, construction, 

injection, plugging, well-closure, and continued monitoring; informing well operators of 

the business procedures and regulated requirements they will have to follow. 

Federal incentives for CCS include allocating stimulus funds to CCS research, awarding 

matching dollars for pilot CCS projects, and other forms of direct investment. The 

Bureau of Economic Geology has received over $1 million to study the feasibility of 

offshore sequestration in federally controlled Gulf Coast waters, complementing funds 

already provided by the State of Texas through House Bill 1796 for a study of state-

controlled waters. NRG Energy received $154 million in matching funds to build a post-

combustion CCS pilot at its Parish plant. According to the Clean Coal Technology 

Foundation, over $700 million in federal clean carbon funding has landed in Texas over 

the past ten years.
19
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Figure 6.6 

States with Enacted CCS Legislation 

 

Source: Southeast Regional Carbon Sequestration Partnership Stakeholders (SECARB), CCS State 

Legislative Action (March 9, 2010), p. 4. Online. Available: http://www.sseb.org/files/sequestration-

support-mcshane.pdf. Accessed: November 22, 2010. 

 

At the state level, Texas has passed legislation providing grants, tax credits, and 

exemptions that provide incentives for CCS projects. Texas House Bill 3732 defined a 

clean energy project to include advanced coal projects with CO2 capture and provided 

$30 million in grants per legislative session (every two years) until 2020. Other 

legislation has provided financing, construction, and operation incentives for up to $100 

million in franchise tax credits; sales tax exemptions for equipment used in capture, 

transport, and injection; property tax abatement; severance tax exemptions; and gross 

receipts tax exemptions. 

As previously noted, the United States is heavily dependent on coal for power 

production, and US reliance on this cheap and abundant source of energy is not isolated 

domestically. China and India are rapidly increasing their coal consumption to meet the 

needs of their burgeoning economies. China, in particular, is aggressively expanding its 

coal capacity, currently building the equivalent of two 500 megawatt coal plants every 

week.
20

 With three of the largest known coal reserves located in China, India, and the 

United States, the reliance on coal is unlikely to change in the foreseeable future. In fact, 

current predictions estimate the amount of CO2 released from coal plants into the 

atmosphere over the next 30 years to be equal to the entire amount of coal burned from 

the beginning of the industrial revolution to the present day.
21
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Coal plant owners, fearing federal cap and trade legislation, have invested money to 

research the feasibility and costs for transporting and injecting CO2 emissions into the 

earth. Capturing and storing the gas rather than allowing it to effect the atmosphere could 

potentially increase the life of coal as a viable fuel source.  

The primary application of CCS to date has been to take advantage of enhanced oil 

recovery opportunities. The DOE estimates that on average, 60 percent of all prior US oil 

discoveries are not economical to recover
22

 because oil reservoirs with little underground 

pressure require oil companies to pump out the gas from the surface. CO2 injection 

alongside these reservoirs can provide access to previously unreachable reserves, 

improving yields by 20 percent and extending the life of an oilfield by 20-30 years.
23

 The 

DOE estimates that EOR could yield 45-64 billion barrels of domestic oil, which would 

increase the United States‘ domestic sources of petroleum.
24

 

Prospects for CCS 

As of 2009, 499 CCS projects were underway around the world, with 224 identified as 

research and development (R&D) projects and 275 in varying stages of development.
25

 

The majority of the projects are currently taking place in the United States (36 percent), 

Europe (25 percent), Australia (10 percent), and Canada (9 percent), but CCS is being 

implemented across the globe
26

 (see Figure 6.7).  

CCS can trace its roots to US EOR efforts in the early 1970s, but the technology did not 

receive serious consideration as a tool for reducing carbon emissions until the Carbon 

Capture and Technologies Program (CCSTP) was initiated at MIT in 1989.
27

 In 2007, an 

MIT study recommended an experimental project to introduce three to five CCS projects 

with over a million metric tons of CO2 storage a year. The goal of the project was to 

address many lingering questions about the cost and operations of large-scale, 

commercial CCS. However, the DOE cancelled the original ―FutureGen‖ project due to 

the project‘s rising costs. Instead, the DOE is planning to pursue a program of smaller 

CCS projects to be in place by 2015. The National Energy Technology Laboratory 

(NETL), operated by the DOE, identified 106 US projects currently involved in some 

stage of carbon capture, storage, or both.
28

 These projects vary in operational capacity, as 

well as methods of CO2 capture and disposal. 

The Weyburn Project is the largest most successful US CCS endeavor to date. Started in 

2000, this joint US-Canadian project involves piping CO2 from a North Dakota coal 

gasification plant 320 kilometers (or approximately 200 miles) north for use in EOR in 

two Saskatchewan fields. The $80 million project is currently transporting 95 million 

cubic feet of CO2 per day and upon completion in 2011, it will store a total of 40 million 

tons of compressed CO2.
29
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Figure 6.7 

Worldwide CCS Activities 

Source: Major Economies Forum on Energy and Climate, Technology Action Plan: Carbon Capture, Use, 

and Storage (December 2009), p. 30. Online. Available: http://www.majoreconomiesforum.org/ 

images/stories/documents/MEF CCUS TAP 11Dec2009.pdf. Accessed: November 22, 2010. 

 

The DOE has established an affiliation with Regional Carbon Sequestration Partnerships 

(RCSPs) to ―develop the technology, infrastructure, and regulations to implement large-

scale CO2 sequestration in different regions and geologic formations across the nation.‖
30

 

These partnerships are in the early stages of nine large-scale carbon sequestration projects 

throughout parts of the United States and Canada. The United States has also teamed with 

Mexico and Canada in the North American Carbon Atlas Partnership (NACAP) to create 

a borderless geographic information system of relevant carbon storage possibilities 

throughout the continent.
31

 

Texas has an opportunity to lead the world in CCS implementation for two reasons: it 

consumes more coal than any other state and the state has substantial resources for 

adopting CO2 storage. As of October 1, 2010, Texas was burning an estimated 9.54 

million tons of coal for electricity production alone, far more than the New England, 

Middle Atlantic, and the Pacific coast states combined.
32

 The 19 coal plants currently in 

operation supply 37 percent of the state‘s power, second only to natural gas. Officials 

anticipate Texas‘ population to continue to rise, and six new coal projects were recently 

granted approval with four others currently pending approval.
33
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While coal will continue to be a necessary power source for Texas, tighter environmental 

restrictions from the EPA have buoyed support for cleaner plants. Texas leads the nation 

in CO2 pollution, and CCS is receiving an increased amount of consideration from 

industry and lawmakers alike. Notable proposed CCS projects in Texas include the Texas 

Clean Energy Project, a plant to be built near Odessa that plans to use captured CO2 for 

EOR, and a ConocoPhillips petroleum-coke plant near Sweeny. Texas projects are 

drawing international attention as well, with the Sweeny project gaining $3 million of 

support from the Department of Energy and another proposed project near Abilene 

receiving a $7.7 million grant from an Australian corporation.
34

 

Perhaps Texas‘ biggest advantage for CCS is its favorable geology. In the state of Texas, 

the two options with the greatest economic and environmental potential for CCS are oil 

reservoirs and saline formations. BEG geologists estimate that Texas‘ oilfields and brine 

bearing formations can contain all of the CO2 generated from Texas‘ power plants over 

the course of 200 years. Figure 6.3 maps the locations of potential CO2 brine depositories 

and Figure 6.4 shows the locations where CO2 could possibly be injected into existing 

oilfields. 

A final advantage afforded to Texas is its location along the Gulf of Mexico. According 

to the Submerged Lands Act of 1953, the State of Texas is given jurisdiction over any 

natural resource beneath the Gulf extending nine nautical miles (10.35 miles) from the 

shoreline. Beyond this point the federal government is entitled to the surface of the Gulf 

and the resources below to the edge of the outer continental shelf.
35

 The BEG is currently 

studying the underwater geology to determine if sequestration is possible and to estimate 

the potential capacity. Injection into these sites offers unique advantages. Federal and 

state governments can take advantage of a revenue stream from selling permits, land 

owners and companies can take advantage of eased liability and ownership issues, and 

CO2 injectors can take advantage of a simplified permitting process. 

Internationally, there are three major CCS projects currently in operation (see Table 6.1). 

Sleipner, started in 1996 and located on Norway‘s North Sea, was the world‘s first 

commercial scale CCS facility. The project separates CO2 waste from a natural gas field 

and injects it into an offshore deep saline aquifer. The process reduces the CO2 emissions 

of the natural gas plant from approximately 9 percent of the output to only 2.5 percent, 

and is currently storing around one million tons of compressed CO2 per year. This 

represents a very good example of the storage capabilities of CCS and provides a model 

for future implementation of the technology.
36

 

However, each of the three large scale international CCS projects are concerned solely 

with CO2 storage, but none deal with the expensive and difficult element of capturing the 

gas as it is released from a power production source. For this reason they provide a model 

for only one part of the total process for implementing a comprehensive CCS program. 

Also, none of the current projects are tracked or monitored sufficiently to provide 

assurance of the viability of long-term storage of large amounts of compressed CO2 

underground.
37
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Table 6.1 

Major International CCS Projects 

Name Storage Location Type Capacity 

Weyburn Saskatchewan Coal Gasification 

Plant/EOR 

40 Million tonnes of 

CO2 total 

Sleipner  The North Sea, Norway Natural Gas Plant/Saline 

Aquifer Storage 

1 Million tonnes of CO2 

per year 

In-Salah Algeria Natural Gas Plant/Storage 

in the Krechba Reservoir 

1 Million tonnes of CO2 

per year38 

Source: International Energy Agency Greenhouse Gas R&D Program, R, D & D Projects Database: 

Weyburn II CO2 Storage Project. Online. Available: http://www.co2captureandstorage.info/ 

project_specific.php?project_id=140. Accessed: November 1, 2010. 

 

Emerging Technologies 

According to one system of classification, CCS is a secondary technology, facing a 

contested launch (see Table 6.2). The technologies in this category are characterized by 

having a contested launch due to political or some other outside opposition. For CCS, this 

can be seen in both the hesitancy of power providers to implement an expensive CCS 

program, as well as public doubts about the safety of storing CO2 underground. CCS, like 

other contested energy technologies, can benefit from research and development, as well 

as prototyping and demonstration to win the necessary public support. For CCS, this 

could be facilitated by emissions reduction mandates, carbon taxes, or carbon cap-and-

trade legislation, which would penalize large-scale carbon emitters. Without a 

government mandate to capture and store CO2, it is not clear whether it will be possible to 

launch CCS on a large-scale.
39

 

 

Table 6.2 

Launch Trajectory Categories 

Category Example R & D P & D Incentives Regulation/Mandates 

Experimental Hydrogen 

fuel cells 

Long-

term 

support 

Must move 

closer to 

technology 

readiness 

Must move 

closer to 

technology 

readiness 

Must move closer to 

technology readiness 

Disruptive Off-Grid 

Solar Power 

Long and 

short-

term 

Government 

and private 

support 

needed 

Government 

incentives and 

private 

innovations 

Instituted on a case-

by-case basis 

Secondary- 

Uncontested 

Launch 

On-Grid 

Solar 

Long and 

short-

term 

Economic and 

engineering  

P&D may be 

needed 

Incentives for 

users and 

manufacturing 

support once 

technologically 

feasible 

Probably not needed 
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Secondary – 

Contested 

Launch 

Biofuels, 

CCS 

Long and 

short-

term 

Economic and 

engineering  

P&D will be 

needed 

Maybe needed 

to offset costs 

Regulations, 

emissions taxes, 

specific mandates 

needed for adoption 

Incremental 

Innovations 

Improved 

Internal 

Combustion 

Engines 

Long and 

short-

term 

Government 

precompetitive 

and ―valley of 

death‖ support 

Low-cost 

financing for 

implementation 

Appliance standards, 

building codes and 

emission limits may 

be needed 

Scale-Up 

and Generic 

R&D 

All 

Technologies 

Long and 

short-

term 

Depends on 

technology 

Low-cost 

financing 

Probably not 

required
40

 

Source: Charles Weiss and William B. Bonvillian, Structuring an Energy Technology Revolution 

(Cambridge, MA: MIT Press, 2009), pp. 51-53.  

 

Some of the policies which could encourage larger scale deployment of CCS include 

constructing a sensible regulatory framework for CCS, providing a variety of grants and 

tax breaks encouraging the technology, and potentially mandating a cap on greenhouse 

gas emissions.  

CCS Barriers and Opportunities 

Table 6.3 lists some of the advantages and disadvantages of CCS. The advantages include 

CCS‘ ability to store environmentally damaging greenhouse gasses (GHGs), the State of 

Texas‘ willingness to establish numerous incentives for CCS, and the existence of 

numerous successful CCS projects. This section will focus on a discussion of the 

perceived cost and environmental disadvantages to CCS that may prevent full 

implementation. 

 

Table 6.3 

Pros and Cons of CCS 

Pros Cons 

Costs Costs 

 Potential for capital returns with EOR  CCS is less energy efficient 

 Numerous successful CCS projects over 40 years  CCS is expensive and costs are uncertain 

Legal Legal 

 Texas is a leader in establishing incentives for 

CCS 

 Liability ownership clarification 

 CO2‘s classification by supreme court as a 

pollutant 

 Uncertainty over federal cap and trade 

legislation 

Environmental Environmental 

 Ability to permanently store dangerous GHGs  Byproduct salt water can cause environmental 

damage 
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CCS will impact power plant costs in four ways: the initial cost of the capture equipment; 

the extra fuel needed to power the machinery; the costs of transporting the CO2 to the 

storage site; and the costs of finding, regulating and maintaining the storage site itself. 

Collectively, these could increase overall costs of a coal-fueled power plant by as much 

as 50 percent.
41

 These costs will be higher in the initial stages of deployment, as 

demonstration projects will be built on a smaller scale than future commercial plants and 

will be less efficient.
 42

  

The majority of the costs of CCS will come from the capture process, accounting for 

approximately two-thirds of cost increases. The equipment required to capture the CO2 

will account for most of the up-front costs, but the additional operating and maintenance 

(O&M) costs will be significant as well.
43

 The increased fuel cost, known as the ―capture 

penalty,‖ will increase the price of daily operations and is a major concern for the 

deployment of CCS projects. This has been articulated by evaluating a power plant‘s heat 

rate, or the overall efficiency of the plant, which indicates the amount of fuel needed to 

produce electricity. 

Transportation costs could also vary from one project to another, as distance to storage 

facilities will undoubtedly differ from case to case. Locating CCS projects in close 

proximity to one another could reduce these concerns by achieving some economies of 

scale, but the magnitude of this effect is unclear. The cost of storing the CO2 will vary 

from site to site with higher costs for offshore storage compared to onshore storage. 

Offshore locations require additional equipment and a larger initial investment to set up, 

as well as higher costs for mapping and exploration. However, once these facilities are up 

and running, there is the expectation that actual operational costs could be kept low. Due 

to the oil and gas industry‘s lengthy experience with transportation and storage practices, 

these costs are not anticipated to fall sharply as CCS is implemented.
44

 

The cost of capturing and sequestering carbon released from coal plants will inevitably 

increase the cost of energy production, perhaps by as much as 50 percent at the plant 

level. This could increase energy consumer costs by up to 25 percent.
45

 This ―capture 

penalty‖ alone will have a marked impact on the cost of energy production. It is estimated 

that if CCS deployment is widespread, the systems alone could demand as much as 10.6 

exajoules (EJ) of energy per year by 2030. These costs will be higher in systems 

retrofitted for existing power plants than new CCS plants, so rising fuel costs will be 

disproportionately high earlier in the process, as most projections anticipate more 

retrofitting early on.
46

  

CCS projects have potential environmental risks. The CO2 capture process requires large 

amounts of water, most of which is used for cooling during the chemical processes. 

While specific requirements differ across plant types, CCS could increase the daily water 

demands of an average coal-fueled power plant by 50 percent.
47

 Also, CCS produces 

harmful waste products through amine stripping. Capturing CO2 post-combustion through 

amine stripping is the most mature method known to capture the gas and is the most 

readily available for deployment today.
48

 However, there are known negative health 

effects of amines including irritation, carcinogenicity, and genotoxicity. Some amines can 
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be toxic to animal and marine life, and those effects differ across the array of amines that 

can be used. Further research on the environmental and health effects could lead to safer 

amines, an international framework for the responsible handling of amine waste, or the 

invention of amine-free capture processes.
49

 

There remain some public safety concerns regarding contaminating USDW and polluting 

the air. Opponents of CCS can cite the example of underground CO2 leaking and killing 

local residents at the Lake Nyos disaster of 1986. Lake Nyos is one of three volcanic 

lakes in the world with a large reservoir of CO2 trapped underground. In 1986 an eruption 

of CO2 from the lake released large amounts of the gas and killed all living organisms 

within a 15 mile radius of the lake, including 1700 local residents.
50

 While this example 

and the proximity of some CCS reservoirs to USDW is concerning to public officials who 

may not trust geologists‘ explanations for trapping mechanisms, many geologists insist 

there is an inherent difference between the volcanic lake and underground reservoirs 

chosen for injection, which are located over half a mile underground. However, 

uncertainties remain about the long-term viability of storing massive amounts of CO2 

beneath the ground, which has led to the call for additional underground CO2 testing. One 

500 megawatt power plant alone would produce an estimated one billion barrels of 

liquefied CO2 in its duration that will have to be stored.
51

 

Policy Recommendations 

Energy companies should actively support Federal CO2 legislation and both Federal and 

State CCS incentives. Table 6.4 summarizes these recommendations. The first policy 

objective should be to advocate significant and credible federal legislation that will make 

non-EOR CCS economically viable. Two general policy options are available that can 

reach this goal. Option 1 is a market based policy in the form of a significant tax on CO2 

emissions. Figure 6.5 illustrates the economic effects of a carbon tax on non-EOR CCS.
 52

 

Specifically, CCS will likely require a carbon tax of $50-100 per ton of CO2 to be 

economically viable.
53 

Option 2 is a command and control policy in the form of some 

carbon limiting rule. Cap and trade or other CO2 limiting legislation could force the 

market towards CCS implementation. 

 

Table 6.4 

Policy Recommendations 

Minimum policies required for CCS adoption Additional policies to advocate and monitor 

Option 1: A federal market based policy 

  * Support a carbon tax of $50-100 per ton of CO2 

emitted 

Sensible regulatory framework 

 * Monitor and advocate sensible EPA, Texas 

RRC, and TCEQ rules governing underground 

injection control  

 * Stay in communication with the Bureau of 

Economic Geology regarding recent and 

upcoming Texas Legislation and ongoing 

research of offshore sequestration possibilities 
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Option 2: A federal command and control policy 

  * Support carbon limiting rules including Cap 

and Trade legislation 

Other federal and state incentives 

 * Continue to support federal and state 

incentives including subsidies, tax credits, 

property tax abatement, severance tax 

exemptions, and gross receipts tax exemptions 

 

The second policy objective should be to monitor and advocate a sensible regulatory 

framework for the underground injection control of Class II and Class VI wells and to 

continue to support a variety of federal and state incentives for CCS. Staying in 

communication with the Texas Railroad Commission, TCEQ, and the BEG regarding 

recent and upcoming legislation, rules, and research will enable Texas energy companies 

to best monitor these rules as they are being written. Recent Texas legislation has already 

enacted a variety of cost-cutting incentives for CCS including subsidies, tax credits, 

property tax abatements, severance tax exemptions, and gross receipts tax exemptions. 

Keeping these incentives in place will help keep the input costs of CCS low. 

Additionally, the federal and state government have both invested in a multiyear research 

project for the Bureau of Economic Geology to explore the possibility of offshore 

sequestration. This research could lead to a cheaper and simpler permitting process and 

should be monitored. 

 

Figure 6.8 

Understanding the Carbon Tax Required for CCS Adoption 
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Source: Megan Parsons, The Role of Advanced PC Technology (October 2010), slide 10. Online. 

Available: http//:www.iemshows.com/exhibitor_documents/Megan Parsons.pdf. Accessed: November 

22, 2010. 

 

CCS: Lessons Learned 

CCS provides an option for clean coal power by enabling the permanent storage of 

harmful CO2 emissions. While no full-scale, commercial CCS plant is currently in 

operation, existing projects such as Sleipner, Weyburn, and In-Salah have proven that 

storing large quantities of CO2 in geologic formations is feasible and safe. Furthermore, 

geologic formations capable of CO2 sequestration are wide-spread, particularly in Texas. 

However the benefits of CCS deployment seem to indicate the need for a global CCS 

plan. CO2 production affects the atmosphere worldwide, so the most effective way to 

combat environmental degradation is a comprehensive global CCS initiative, but 

economic, legal, and environmental obstacles are currently preventing widespread 

adoption. CCS remains unlikely to move forward without substantial government action. 

Carbon capture and sequestration involves a complex and expensive three-part process 

(capture, transport, and storage) that requires both up-front capital expenditures and 

continued investment. The capture process is the most demanding step. Even the least 

costly mechanism for capture, retrofitting of existing coal plants with post-combustion 

amine scrubbing, will add significant costs to coal plant operations. One recent estimate 

for early adaptations of such plants put the cost between $106 and $150 per ton of CO2 

removed from the emissions stream.
54

 While the specific costs will vary due to project 

specifics and with technological advancement, the bottom line is that CCS affects the cost 

of producing electricity from fossil fuels. 

If the private sector is to move forward and implement CCS voluntarily in Texas or 

elsewhere in the United States, it is are not likely to happen without monetary incentives 

large enough to offset the capital demands of the technology. Whether this is manifested 

in a carbon tax, an emissions mandate, a cap-and-trade program, or some combination 

thereof, power producers and investors will be hesitant to invest in CCS until there is 

economic incentive to do so. Currently, none of these measures exist at the federal or 

state level. For example, cap-and-trade legislation failed in Congress in 2010, and that 

option appears off the table for the time being.
55

  

The United States cannot be expected to move forward with CCS alone and should not 

without international partnerships. Climate change is a global issue and carbon reduction 

efforts must be as well. It is infeasible to expect one nation to assume the ―capture 

penalty‖ while others continue to produce dirtier, cheaper power. This issue is 

increasingly relevant as China has become the world leader in CO2 emissions and 

continues to build coal fired plants at an accelerated rate.
56

 Similarly, India‘s recent 

economic conditions have driven the country‘s industrial development and raised annual 

CO2 emissions 58 percent between 1994 and 2007, placing it fourth globally.
57
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As is the case for many alternative energy technologies, it will be difficult to adopt CCS 

in the absence of adequate government and economic incentives. The fact that climate 

change and carbon reduction efforts are global issues only makes the establishment of 

such a framework more complicated. 

Without substantial and credible Federal incentives for CCS, the private sector should 

avoid significant stand-alone investments in CCS until the government and economic 

climates align with environmental concerns about global warming CCS. 

 

Table 6.5 

State Laws Passed in Latest Legislative Session Related to CCS 

Bill 
Year/ 

Session 

Codes 

Amended 
Bill Summary 

Bureau of Economic Geology 

Responsibilities 

SB 1387 2009 

81-R 

Water Code; 

Natural 

Resources 

Code 

Establishes regulatory 

framework for CCS. 

Authorizes TCEQ and RRC 

as regulatory agencies 

Shall consult with TCEQ, RRC, 

and GLO to prepare report to 

legislature analyzing the 

requirements of geological storage, 

recommending a permitting 

process, recommending agencies 

with jurisdiction, and assessing 

compliance with federal rules. 

HB 1796 2009 

81-R 

Government; 

Health and 

Safety; Tax; 

Transpor-

tation 

Establishes right to perform 

a study exploring 

possibility of offshore 

geological sequestration 

Shall perform a study on state 

owned offshore submerged lands to 

identify potential sites for a CO2 

repository. Shall perform, act as 

scientific advisor, and provide data 

to SLB related to measurement, 

monitoring, and verification of 

permanent storage. 

HB 469 2009 

81-R 

Government; 

Health and 

Safety, 

Natural 

Resources; 

Tax 

Provides tax incentives for 

clean energy projects. The 

bill specifically defines a 

―clean energy project‖ to 

include coal plants capable 

of sequestering carbon 

dioxide into geological 

formations. 

Must verify to the comptroller that 

at least 70% of CO2 resulting from 

electricity generation by facility is 

sequestered. Shall design, review, 

and validate protocols and 

standards for monitoring, 

measuring, and verification. CO2 

should be sequestered to create a 

reasonable expectation that 99% of 

CO2 shall remain sequestered from 

the atmosphere for at least 1,000 

years. Entity shall compensate BEG 

according to annual fee schedule. 

HB 3435 2009 

81-R 

  Exempts persons who own 

pipelines used for the 

transportation or sale of 

carbon dioxide from impact 

fees and assessments 

imposed by special districts. 

  

HB 3732 2007 

80-R 

  Amends Texas Clean Air 

Act to define advanced 
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clean energy projects 

including advanced coal 

with CO2 capture, 

sequestration, or abatement. 

Loan program administered 

by SECO for clean energy 

project grants is funded at 

$30 million each legislative 

session till 2020 through tax 

revenues collected from 

electric, gas, and water 

utilities. 

Source: Texas Legislature, Texas Legislature Online. Online. Available: http://www.capitol.state.tx.us. 

Accessed: January 10, 2011. 

 

http://www.capitol.state.tx.us/
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Chapter 7.  Coal Bed Methane 

Summary 

Coal Bed Methane (CBM) is a source of natural gas that can be obtained by extracting 

methane from wells in coal seams or combusting coal underground and collecting the 

resulting gasses. There are environmental risks for each method of collection, the main 

risk being water pollution and/or drainage in the surrounding area of wells. The United 

States has approximately 163 trillion cubic feet of CBM technically recoverable.
1
 Growth 

of CBM operations in the United States were sped along by federal tax incentives and 

growth abroad has been influenced in much the same way. In the United States, growth 

of CBM production was maintained after incentives were cut off by market forces. 

Additionally, CBM production rose consistently throughout the 2000s despite fluctuating 

natural gas prices, and saw increase spikes corresponding with natural gas price peaks. 

The findings of this report are that CBM is an economically viable alternate source of 

natural gas. Production has stabilized as the economy recovers, the price for natural gas 

stabilizes, and the demand for natural gas increases due to greater utilization for power 

production. Further, CBM could act as a price stabilizer for the natural gas market 

because it diversifies the sources of production, making natural gas an even more 

attractive option for customers. Actions can be taken to minimize the environmental 

risks; however issues can still remain with opposition rising from surrounding 

populations if their comfort and surroundings are vulnerable to pollutants from 

production bases. 

Role of Coal Bed Methane in the Energy Industry 

Since the 1930s engineers have been able to extract methane from underground coal 

beds. The US government has supported research into its utilization since that time, but it 

was not a widely used source until the late 1980s.
2
 With oil and gas prices climbing it is 

seen as a viable alternate source for methane. As far as green or renewable energy goes, 

coal bed methane is not clean without extensive use of technology. When burned to 

generate energy, methane releases greenhouse gasses into the atmosphere. Procurement 

methods can release hazardous byproducts and toxic materials into the environment, 

which create risks for ground water systems in the well area. Methane is produced from 

fossil fuel conversion and depletes as a resource quickly if not managed properly. As 

long as coal is mined from the earth, methane will escape from those mines and 

preventing its escape into the atmosphere is beneficial. Because methane is a 20 times 

more potent greenhouse gas than carbon dioxide (CO2), it only makes sense to burn 

methane so that CO2 is released instead. Methane used as natural gas in a power plant 

releases half the amount of CO2 per KWH as does coal when burned to produce 

electricity.
3
  

Natural gas is one the main sources of energy for power production at this time and is 

projected to become more important in the near future. Currently, the majority of power 
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plants under construction and being planned in the United States are natural gas plants. 

This is due to the low capital costs, decreasing public opinion of alternative base load 

generating fuels, its clean burning nature, and newly stabilizing price. 

Background 

Extracting Methane from Coal Beds 

Methane and coal occur together in underground coal seams and methane can leak out 

naturally or as a bi-product of coal mining. Since the 1930s scientists have known that 

methane could be extracted from coal beds separately, either through simple extraction or 

gasification of the coal itself. 

 

Table 7.1 

Benefits and Risks of Methane Extraction Options 

 Pressure Release Underground Coal Gasification 

Retrieval Method Water is evacuated from coal seam, 

which lowers pressure allowing 

methane to escape. 

Water and oxygen are injected into coal 

seam, coal is combusted and gasses are 

collected. 

Pros  Methane released is relatively pure; 

contamination of area surrounding 

coal seam is minimal. 

Can utilize coal resources previously 

unattainable; less digging/destruction of 

coal seam area than coal mining; CO2 

from combustion is easy to contain. 

Cons Disposal of significant amounts of 

contaminated water; can lower 

underground aquifers and surface 

water;  impact on surrounding 

surface wildlife. 

Combustion can leave contaminants to 

seep into underground aquifers; methane 

must be separated from other products; 

combustion can be difficult to control. 

 

The simple method of extracting methane from a coal bed is to drill a well and release the 

pressure, which releases trapped methane. First, coal seams are located and surveyed for 

their methane content. Typically, these seams are also filled with water in the form of 

coal bed aquifers which create pressure that traps the methane gas inside the coal, 

preventing it from escaping. To release the methane, the pressure must be lowered 

enough to allow the gas to escape. As shown in Figure 7.1 below, a hole is drilled into the 

coal bed and a multi-layered piping system is installed with the inner pipe acting as the 

pump/vacuum and the outer pipe acting as a collector. The inner pipe is connected to a 

water pump and acts as a well, pumping enough water out to create a depressurized cone 

area in the coal seam. This allows the methane to escape and rise towards the area of 

lower pressure. The outer pipe collects the methane that is released by the 

depressurization and feeds it into a compressor to allow it to be stored and shipped out.
4
 

A huge volume of water may need to be pumped out every day to keep methane flowing 

in a well, and this amount may need to increase over time as the methane must be 

released from deeper and deeper within the coal seam. For example, CBM extraction 

pumps approximately 17,000 gallons of water out of each well every day in the Powder 
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River Basin methane mine in Montana.
5
 By removing methane from unmined coal seams 

access is gained to a previously untapped domestic energy source that is cleaner than 

burning coal. 

 

Figure 7.1 

Diagram of Pressure Release Extraction of Coal Bed Methane 

 
Source: Montana State University, Linda Lennon, Coalbed methane: economic boon or environmental 

boondoggle? Online. Available: http://serc.carleton.edu/research_education/cretaceous/coalbed.html. 

Accessed: September 10, 2010. 

 

In-situ underground coal gasification (UCG) is another technique that can be used to 

derive and extract natural gas from coal seams. UCG works by drilling two wells into a 

coal seam that will be used as a fuel source. Water and oxygen are injected into one well 

which triggers a reaction that combusts the coal in the seam. This combustion produces a 

gas composed of methane, carbon dioxide, carbon monoxide, and hydrogen that can flow 

through the coal seam and out of the other well. A second escape well is used to collect 

the gas, which can then be cleaned, separated, and stored for further use as a fuel,
6
 as 

illustrated in Figure 7.2. 
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Figure 7.2 

Diagram of In-situ Underground Coal Gasification 

 

Source: Elizabeth Burton, Julio Friedmann, Ravi Upadhye, Best Practices in Underground Coal 

Gasification (October 2006), p. 13. Online. Available: http://www.purdue.edu/discoverypark/ 

energy/pdfs/cctr/BestPracticesinUCG-draft.pdf. Accessed: January 31, 2011.  

 

Factors such as coal vein and drilling depth and pressure have significant effects on the 

efficiency, control, and environmental impact of UCG. Oxygen input is easier to control 

in deeper gasification procedures, because the deeper the coal seam is, the less likely that 

surface oxygen can be introduced unintentionally through fissures in the ground. Control 

of oxygen is important because oxygen supply is what maintains the combustion process, 

and if oxygen begins streaming in from the surface the process can become destabilized.
7
 

Operating the gasification process under higher pressure increases the amount of coal 

gasified per amount of oxygen injected. Also, it becomes easier to maintain and control 

the process at a higher temperature, which reduces pollutants in the gas that is to be 

collected.
8
 There are potential risks involved with UCG, with the possibility of 

environmental damage as a result of the underground gasification process. Table 7.2 

summarizes some of these risks, with water contamination from the byproducts of the 

underground combustion to convert the coal into gas being the main concern for this 

method.
9
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Table 7.2 

Environmental Pros and Cons of Coal Bed Methane 

Benefits Risks 

Preventing explosions in the coal mining 

process 

Mining sites can displace large tracts of land 

Preventing methane from escaping into the 

atmosphere during mining 

Water drawn out of coal seams is typically toxic 

and must be disposed of properly 

Cleaner and more efficient base load power 

generation than coal 

Drawing water out can decrease groundwater on 

the surface above 

 UCG can release pollutants into the surrounding 

groundwater  

Though cleaner burning than coal, still releases 

CO2 during the power generation process 

 

Environmental Benefits 

Methane (CH4) is a gas that is formed by the oxidation of coal where it is trapped in rock 

formations and coal beds. CH4 is a potent greenhouse gas, having 20 times the heat-

trapping effect of CO2 and a half-life in the atmosphere of 15 years.
10

 Coal keeps a 

relatively large amount of methane trapped because of its porous structure, which gives it 

a greater internal surface area to contain the gas. Methane can either escape naturally, be 

released during mining, or be purposefully harvested from coal deposits. Methane escape 

during the coal mining process has been a problem because the energy-dense gas is 

volatile and can provide fuel for explosions during the mining process. Such explosions 

have plagued coal miners since the practice began. Also, mining accounts for 

approximately 7 percent of the methane released into the atmosphere by mankind,
11

 

which contributes to global warming. Preventing methane from escaping is one of the 

main benefits of CBM. The environmental impact from methane is reduced when it is 

burned as a fuel and converted to CO2, and can be reduced further by the use of carbon 

capture and storage (CCS). 

As long as coal is mined from the earth, methane will escape from those mines. Because 

CH4 is 20 times more potent of a greenhouse gas than CO2, burning CH4 and releasing 

CO2 makes sense.
12

 Methane used as natural gas in a power plant releases half the 

amount of CO2 as does coal per KWH when it is burned to produce electricity.
13

 Natural 

gas also releases fewer toxic chemicals than coal when burned. Such chemicals include 

sulfur oxides, which must otherwise be removed from emissions through elaborate 

scrubber systems. 

If managed properly, UCG extraction can avoid some of the environmental impacts of 

coal mining. It is cleaner and can be easier to extract than traditional coal mining 

practices, in that it requires less intense digging and destruction of the landscape 

surrounding the coal vein. There are less safety concerns for workers because they will 

not be directly exposed to coal dust, mine collapses, or mine explosions. Coal seams that 

are unreachable by traditional mining methods could be exploited, providing the potential 
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for a vast increase in volume of fuel produced globally. The methane gas produced is a 

cleaner burning fuel than coal.  

The potential for CCS is another possible benefit of UCG. In this scenario, the CO2 

produced from the gasification process can be captured and sequestered with relative ease 

if the proper facilities are in place, further decreasing the carbon footprint of energy 

production with UCG.
14

 CO2 separation takes place on the surface after the product gas 

has been collected and then must be injected into a sequestration area underground. There 

are a variety of methods for sequestration, with the main goal being the prevention of 

CO2 escape. One option is to inject the CO2 into the cavity left by the coal that has been 

gasified. This option is not always as stable as others because the integrity of the 

underground formation may be compromised by the combustion procedure.
15

 CO2 can be 

sequestered in surrounding coal seams as well. This option depends on the geologic 

qualities of the area surrounding the coal seam and the seam itself. More permeable coal 

seams used for CO2 sequestration have the added benefit of being able to displace CBM 

with the injected CO2, thus producing more natural gas fuel in the process.
16

 

Environmental Risks 

One should be wary to refer to CBM as a source of renewable energy. CBM is entirely 

fossil fuel driven, which means that someday it will run out. Some states have classified 

it as renewable in their energy profiles, but only when it is collected from abandoned coal 

mines.
17

 This is likely an attempt to appease both environmentalists and coal business 

interests within their states. In a strictly technical sense CBM is a renewable resource; the 

problem is that it will take millennia to create more coal out of organic material which is 

far more time than it will take humans to use what is currently available. However, the 

reserves are large indeed, mainly because they are an untapped and (until recently) 

unexpected resource. Geological surveys estimate that the United States may have up to 

700 trillion cubic feet of coal bed methane, but some estimates suggest that only 100 

trillion cubic feet may be economically recoverable with current methods.
18

 

The environmental impact from the use of coal bed methane as an energy source is 

focused in three main areas; landscape, water supply, and air pollution. Currently, 

preventing contamination in each area can be costly, making clean and ecologically 

sound CBM less economically attractive as an energy source. Improvements in efficiency 

and technology are necessary for prevention of water and air contamination, and more 

efficient use of land and resources would be required for prevention of landscape ecology 

contamination.  

The most pressing environmental issues with CBM are the issues of water pollution and 

freshwater drainage that result from the pumping of water out of coal seams. One issue is 

water loss in aquifers and local wells. Depending on the geological features of the area, 

draining water from these underground sources can reduce the flow of rivers, lower the 

level of aquifers, and make wells used for agriculture and livestock by local industry 

more difficult to draw water out of.
19

 Reducing the flow of rivers and streams in the area 

obviously endangers the plants and wildlife depending on them. Drawdown of aquifers 
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and the wells that tap them, if not carefully monitored, can harm the local communities 

that use them as drinking and industrial water sources. 

The water that is drawn out of coal seams can be salinated, sodic, acidic or varying 

combinations of the three. Sodic water has a higher concentration of sodium than usual.
20

 

Salinated water has a higher salt concentration than usual, with saline levels increasing as 

the water is taken from deeper areas of the extraction point. Salinity can be caused by 

salts other than typical sodium chloride (table salt), such as ―dissolved calcium (Ca
2+

), 

magnesium (Mg
2+

) sulfate (S04
2-

), bicarbonate (HC03
-
), and boron (B).‖

21
 High saline 

levels in water can be toxic to plants and, over time, the salts builds up in the soil making 

it difficult for plants to absorb water. Without treatment the water cannot simply be used 

for irrigation once removed. Water with high levels of sodium in relation to calcium and 

magnesium is harmful to plants because the sodium ions are absorbed through the roots 

into the leaves and cause ―leaf burn.‖
22

 Sodium also affects heavier soils by decreasing 

their ability to drain water effectively, which is harmful to crops. The water drawn from 

coal bed streams can be hazardous to the point of requiring a waste water permit for 

disposal. 

It can be difficult and costly to properly counteract or prevent the adverse effects of 

pumping water from coal seams by disposal or treatment. One solution is to inject waste 

water back into the coal seam from which it was drawn or into an aquifer near it. This 

option's viability can depend on a number of different geological, environmental, and 

water quality factors, and is still being researched. To be usable as water for irrigation or 

human consumption, the more contaminated water must undergo treatment such as 

reverse osmosis or evaporation and precipitation.
23

 It can also be diluted to the point of 

being non-toxic. However, research is being done on how the extracted water can be put 

to better use as a source for irrigation, wetlands contribution, fisheries, dust control, and 

recreation.
24

 

As for UCG in particular, combusting coal underground can lead to environmental side 

effects and pollution of the air and water in the area. Many coal seams also function as 

aquifers or are located near aquifers and other underground water sources. Pollutants 

from the gasification reaction can seep into these sources, contaminating the water 

within. Major pollutants consist of tar, phenols, sulfates, ammonia, and boron.
25

 UCG 

also produces a significant amount of wastewater with many of the same contaminants, 

and must be disposed of properly to avoid environmental contamination. 

CBM mining facilities and equipment pose a problem for the land area in which they are 

installed for both pressure release and UCG as well. New networks of roads may be 

needed, paving over vast areas of land, which displaces vegetation and wildlife. Noise 

pollution can become a factor because the CBM extraction and packaging process 

requires the use of diesel powered generators,
26

 as well as truck traffic from 

transportation of gas and maintenance. These facilities also add an element of visual 

pollution in the network of industrial complexes that become a stark contrast to an 

otherwise scenic area. The buildup of smog in the area because of the use of fossil fuel 
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burning engines contributes to this problem as well. Figure 7.3 illustrates an example of 

the vast networks of roads and facilities that are needed to mine CBM.  

 

Figure 7.3 

Wyoming Landscape Disruption from Gas Mining Site 

 

Source:  Montana State University, Linda Lennon, Coalbed methane: economic boon or environmental 

boondoggle? Online. Available: http://serc.carleton.edu/research_education/cretaceous/coalbed.html. 

Accessed: September 10, 2010. 

 

Impetus and Incentives for CBM Technology 

There are numerous factors contributing to CBM‘s newfound popularity as a method of 

fuel retrieval. Predictions of global energy shortages motivate the utilization of 

alternative methods of energy production. The infrastructure for natural gas is already in 

place, which makes CBM more attractive because of the reduced risk in initial capital 

investment. Methane will be in higher demand as a source fuel for domestic, commercial, 

and utility applications with the nation‘s ever increasing appetite for energy. Limited 

supply of methane in natural gas pockets raises the price of natural gas, giving further 
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incentive for producers to procure and sell more gas. Technology plays an important role 

as well, with more advanced methods of extraction developing and more options being 

presented for dealing with the issues of pollution. Finally, the government has become 

more supportive of CBM utilization with actions including the CMOP initiative and the 

Methane to Market partnerships discussed below, as well as its inclusion of state 

supported renewable and alternative energy profiles. 

The market is typically the biggest influence of change in the energy sector, and it is 

contributing the most initiative in the recent push for development of CBM. The major 

force is the rising costs of fuel in the world, as seen in Figure 7.4. The natural gas 

wellhead price in the United States remained stable and low throughout the 20
th

 century, 

never rising much above $2.00 per thousand cubic feet except for a small spike in the 

mid-1980s. In 2000 prices rose above $3.00 per thousand cubic feet for the first time in 

history. The price has fluctuated greatly over the past ten years, but it rarely fell below 

$4.00 per thousand cubic feet. In July of 2008 methane prices peaked at $11.32 per 

thousand cubic feet. After this high, prices fell quickly but still averaged $3.99 per 

thousand cubic feet from January 2009 to the July 2010.
27

 

 

Figure 7.4 

US CMM Emissions versus US Coal Production 

 
Source: United States Energy Information Association, Annual U.S. Coalbed Methane Production. Online. 

Available: http://www.eia.doe.gov/dnav/ng/hist/rngr52nus_1a.htm. Accessed: January 28, 2011. 

 

CBM‘s potential as an alternative fuel source depends on the cost to extract, export, and 

use it versus other fuel sources. Because natural gas is often used for base load 

generation, its main alternates are coal and nuclear. CBM has the potential to compete 
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with coal as an energy fuel source for a number of reasons including cost, pollution risk, 

and public acceptance. The current US public opinion on coal fired power plants is not 

positive, resulting in many utilities trying to move away from coal's bad stigma as a 

pollutant. CCS technology could help to deter this effect, but its viability as an 

economical means of making coal clean is debatable, and if anything, still years away 

from thorough implementation. Nuclear is hindered for this reason as well; with public 

opinion still skeptical of the technology as a safe and inexpensive way to generate power, 

which keeps its potential from being fully used. Furthermore, capital costs for nuclear 

power plants are high, which detracts from their competitiveness versus the cheaper 

startup costs for a natural gas fired plant. 

CBM has been used in the United States since the 1930s but did not see major growth 

until the energy crisis of the 1970s and 1980s. Federal and state governments have 

strongly supported research in CBM since the 1960s, starting with funding for CBM 

technology to improve safety in coal mines. One of the first major functional 

demonstrations of a working CBM operation took place at a mine in West Virginia in 

1974. This project was funded through the Bureau of Mines and performed by their 

Pittsburgh Research Center. The Bureau spent $860,000 in government funds on the 

operation, which also covered the engineering research and development required to 

implement new techniques used.
28

 

Commercial CBM production growth was aided by the introduction of the Alternative 

Fuel Production Credit (AFPC).
29

 This was established to help the United States become 

less dependent on foreign sources of energy by providing tax credits through the IRS for 

the volume of fuel produced.
30

 Specifically, the AFPC was a ―non-refundable tax credit 

for sale of CBM (as well as other qualified alternative fuels) from wells drilled between 

1980 and 1992 inclusive, for sales of fuel between 1980 and 2002 inclusive.‖
31

  

The AFPC had a large impact on the natural gas sector as a whole, and CBM production 

in particular. CBM extraction ―totaled only 91 billion cubic feet in 1989 out of total US 

gas production of 17 trillion cubic feet. By 1994 it had risen to 1.0 trillion cubic feet, or 5 

percent of US production.‖
32

 Although it slowed soon after, that was the beginning of 

CBM being used as an energy source in earnest. Production stayed high throughout the 

1990s due to the booming economy, rising energy needs, and high natural gas prices. 

Though it peaked in 2008 along with gas prices, CBM dropped off somewhat as the 

demand for methane slowed during the economic downturn of the last two years, as 

shown in Figure 0.4.
33

 Also seen in Figure 7.5 is that CBM production grew steadily from 

1989 until 2002 when it began to level off until 2008. This may be attributed to the fact 

that the AFPC cutoff date was in 2002. Without the federal tax credit growth slowed, but 

did not stop completely. 
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Figure 7.5 

Monthly US Natural Gas Wellhead Prices 

 

Source:  United States Energy Information Association, US Natural Gas Wellhead Price (Dollars Per 

Thousand Cubic Feet). Online. Available:  http://tonto.eia.doe.gov/dnav/ng/hist/n9190us3m.htm.  

Accessed: October 3, 2010.  

 

Natural gas is a fast-growing sector in the US energy economy, due in part to coal 

beginning to slow down as an energy resource. Natural gas, though still a fossil fuel, 

emits less pollution when burned for energy so it is seen as a cleaner alternative to coal. 

Because of this growth, new sources of natural gas are necessary to keep up with 

demand. New and continuing industrialization in developing nations such as China 

additionally adds to the demand. Further, experts expect that the demand for natural gas 

will continue to dominate well into the middle of the 21
st
 century if the world moves 

toward a more hydrogen based energy economy. Natural gas usage is predicted to 

increase well into the first quarter of the 21
st
 century, before spiking and dropping as 

more hydrogen rich sources are developed, as shown in Figure 7.6.
34

 Making gas 

procurement facilities more widespread from new mines will have the added benefit of 

reducing the cost of transport for these recently added power plants. 
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Figure 7.6 

Annual US Coal Bed Methane Production 

 

Source: United States Energy Information Association, Annual U.S. Coalbed Methane Production. Online. 

Available: http://www.eia.doe.gov/dnav/ng/hist/rngr52nus_1a.htm. Accessed: January 28, 2011. 

 

Government Involvement and Regulation 

The United States government has been involved in CBM for decades, promoting its use 

as an alternative energy source that can be used to increase the country‘s energy 

independence. It has worked alongside other nations through partnerships and 

organizations designed to help coal producers and consumers use CBM. 

One government organization that plays a key role in promoting the use of CBM is the 

Environmental Protection Agency (EPA). In 1994 the EPA launched the Coal Bed 

Methane Outreach Program (CMOP), a program aimed at guiding industry along in 

responsible utilization of CBM. The program is voluntary and attempts to achieve its 

goals by ―helping to identify and implement methods to recover and use CMM (coal 

mine methane) instead of emitting it to the atmosphere.‖
35

 CMOP works with the 

Methane to Markets Partnership internationally to influence other nations though research 

studies, technology workshops, study tours, and other supportive functions. Similar 

functions are used domestically along with technology and implementation conferences. 

CMOP claims to have helped reduce CMM emissions in the United States by 16 percent 

from 1994 to 2008. However, as Figure 7.7 illustrates below, the decrease in emissions 

closely corresponds with and follows the trend of a decrease in the total amount of coal 

mined in the United States. Further analysis would be necessary to determine how much 

of the reduction in emissions was a result of CMOP initiatives and how much was a result 

of the reduction of coal mining activity. 
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Figure 7.7 

World Primary Energy Substitution 

 

Source:  Class presentation by William L. Fishers, Professor of Geosciences, The University of Texas at 

Austin, at the Lyndon B. Johnson School of Public Affairs, Austin, Texas, September 7, 2010. 

 

The Methane to Markets international partnership is a global organization of fourteen 

nations formed in 2004 with the overall goal being ―to reduce global methane emissions 

while enhancing economic growth, promoting energy security, and improving the 

environment and public health.‖
36

 Six of the top ten coal producing nations are members 

of Methane to Markets, which, like CMOP is a voluntary partnership. Member nations 

collaborate and share ideas on methods and technology associated with reductions in 

emissions, how to use CBM economically, and how to encourage private investment in 

CBM. Methane to Markets claims to have the potential to ―reduce methane emissions by 

up to 180 million metric tons of carbon dioxide equivalent (MMTCO2E) by 2015,‖
37

 

which is the equivalent of the ―annual emissions from 76,500-megawatt (MW) coal-fired 

power plants.‖
38

 

State and local governments have only recently started regulating CBM activity. States 

must adhere to overall federal regulations as guidelines for their own, and enforcement is 

delegated to the states. Each state involved in CBM production has their own unique 
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environment, so they must customize regulations to fit their individual needs. Two 

examples are Montana‘s Powder River Basin project and Wyoming‘s state standards. 

Because coal bed aquifers are important sources of fresh water for domestic, farm, and 

agriculture use in Montana, the state‘s Department of Environmental Quality and 

Department of Natural Resources and Conservation have developed guidelines for proper 

disposal of water extracted from CBM mines. The guidelines include methods of disposal 

and use of the water such as holding tanks for stock use and irrigational use. CBM 

producers must get discharge permits and submit samples of water for the testing of toxin 

content to be approved for the permit. Once discharging has begun, water is monitored 

for buildup of toxins and salinity to make sure it doesn't exceed the predetermined 

threshold.
39

 In Wyoming, the state simply sets a threshold for sodium absorption ratio to 

determine whether or not a permit for discharging water will be granted.
40

  

For state regulations, there are the Montana Clean Air Act (MCAA), Montana Water 

Quality Act (MWQA), Montana Water Use Act (MWUA), and general water rights.
41

 

The MCAA mainly deals with permitting for the equipment used on CBM well sights 

that produce emissions like diesel and methane powered generators. The MWQA deals 

with water discharge permits that limit the contents of water that is discharged from CBM 

wells, pollution control in water, and water quality standards. The MWUA closes off 

areas of land with ground or aquifer water from CBM development because of the impact 

that it would have on water that may be used by citizens. General water rights are 

involved in the beneficial use of water extracted from CBM wells, like using it for 

ecology replacement, recreation, or agricultural production.
42

 Montana CBM projects 

must adhere to the federal regulations of the Clean Water Act, the Underground Injection 

Control (UIC) Program from the EPA, and the National Environmental Policy Act 

(NEPA) of 1969.
43

 Section 404 of the Clean Water Act is specifically involved in CBM 

extraction because it specifies how permits will be given by the government to operations 

that discharge dredge or fill material into sources of water. The UIC regulates injection 

wells so that they do not present any danger to potential underground drinking water 

sources.  

Coal Bed Methane Case Examples: Domestic and International 

Two examples can be given, one in the United States and one in China, to showcase the 

economic feasibility, environmental impact, and regulatory requirements of sustained 

CBM projects domestically and abroad. The Powder River Basin shows how CBM 

operations can be maintained in relation to the capital costs and environmental 

regulations for that region. China has more aggressive government incentives for CBM 

development and provides a better illustration of the results of direct government 

intervention in the CBM market. 

Domestic: Powder River Basin 

The first use of methane from coal beds in the Wyoming Powder River Basin (PRB) area 

was a farmer collecting methane from his water well to heat houses. Commercial 

production did not begin until the late 1980s and major growth began in 1997.
44

 Powder 
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River Basin is a region spanning from southern Montana to northern Wyoming with one 

of the largest coal deposits in the United States. In addition to being a top coal producer, 

it has more recently (about the past 20 years) been recognized as one of the main sources 

of CBM in the US. As of January 2006, PRB was producing 332 billion cubic feet of 

CBM per year, nearly one-fifth of the domestic production of CBM for the nation.
45

 PRB 

provides a domestic example of how government incentives can spur local CBM industry 

and how regulations can impact the economic viability of production from coal seams.  

As previously stated, the method through which wastewater pumped from CBM mines is 

dealt with can add cost to the mining process. The US Department of Energy released a 

report on the economics of CBM production in PRB in 2006 showing that surface 

discharge was the least expensive method of wastewater disposal and results in the 

highest amount of recoverable methane. Methods of water treatment and disposal have 

costs that vary and can reduce the revenues earned versus surface discharge by 5-27 

percent, as shown below in Table 7.3. 

 

Table 7.3 

Water Disposal Effects on Economic CBM Production 

Water Disposal and Management Option 

Federal and State 

Revenues from PRB 

CBM Production 

(Million $) 

Reduced Revenues 

Compared to Using 

Surface Discharge 

(Million $) 

Federal State Federal State 

1. Surface Discharge 4,620 7,340  – – 

2. Impoundments 4,320 6,860 (300) (480) 

3. Shallow Reinjection 4,160 6,610 (460) (730) 

4. Partial RO Treatment (w/Trucking of Residual)     

     @ 500 mg/l TDS Discharge Limit 3,630 5,760 (990) (1,570) 

     @ 1,000 mg/l TDS Discharge Limit 4,170 6,630 (450) (720) 

5. Ion Exchange     

     @ 500 mg/l TDS Discharge Limit 3,980 6,320 (640) (1,020) 

     @ 1,00 mg/l TDS Discharge Limit 4,390 6,970 (230) (370) 

Source: Gregory C. Bank and Vello A. Kuuskraa, United States Department of Energy, The Economics of 

Powder River Basin Coalbed Methane Development (January 2006), p. 88. Online. Available: 

http://fossil.energy.gov/programs/oilgas/publications/coalbed_methane/PRB_Coalbed_Methane_Devel

opment.html. Accessed: November 1, 2010.  

 

More expensive methods of water disposal or treatment add to the cost of extracting 

methane, which means that less methane will be extractable for the money. Extracting 

more methane means pumping out more water, and more water requires more treatment 

or disposal. The capital costs of installing a CBM mining apparatus include land permits 

and costs, the drilling of the wells and their materials, water pumping and the power 

required for the pumps, and the actual gathering of the gas itself
46

 (see Table 7.4), and 

rise to nearly $200,000 for wells drilled at 950 ft. 
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Table 7.4 

Capital Costs of Powder River Basin CBM Wells 

Cost Item Well at 500 Feet Well at 950 Feet 

Land Costs and Permits $15,000 $15,000 

Well Drilling and Completion 82,500 101,750 

Water Gathering 

Electric Power, incl. cable 

25,600 

12,400 

25,600 

12,400 

Gas Gathering 43,900 43,900 

Total $179,400 $198,650 

Source: United States Department of Energy, Gregory C. Bank and Vello A. Kuuskraa, The Economics of 

Powder River Basin Coalbed Methane Development (January 2006), p. 88. Online. Available: 

http://fossil.energy.gov/programs/oilgas/publications/coalbed_methane/PRB_Coalbed_Methane_Devel

opment.html. Accessed: November 1, 2010.  

 

CBM production is subject to environmental standards from state governments. In the 

case of Wyoming's Powder River Basin, this refers to the Wyoming Department of 

Environmental Quality (WDEQ), which in turn must adhere to the standards set by the 

Clean Water Act (CWA) and the Clean Air Act (CAA) which are monitored by the 

EPA.
47

 In 2009 the EPA ruled that the permitting processes for the WDEQ did not meet 

expectations set by the CWA. This disagreement has become a political issue in the state 

and has served to slow the permit granting process, which in turn slows CBM production 

and development. However, while it hinders CBM, it does so for the protection of the 

ecology and population of the area, so citizens often support the stricter standards.
48

 

History of CBM production in the Powder River Basin gives examples of opposition 

from the population in areas inhabited or used by the public because of the environmental 

risks and pollutants that it presents. Many people in rural areas of Montana and Wyoming 

use personal wells to draw fresh water for domestic use, and CBM mining can threaten 

these sources of livelihood. In some cases, wells can begin to leak methane, which 

presents dangers to those depending on them for their domestic water use.
49

 Additionally, 

residents complain of tremendous noise pollution from heavy machinery around CBM 

wells. Large compressors have been described as providing a ―[n]oise that sounds like a 

jet plane circling over your house for 24 hours a day. Noise that is constant. Noise that 

drives people to the breaking point.‖
50

 

International: China 

Prior to the 1990s, with the coal industry booming, China saw coal mine methane as a 

hazard to miners from the explosions that it caused that killed thousands of workers per 

year.
 51

 Being one of the largest producers and consumers of coal in the world, China has 

also been one of the top emitters of coal mine methane being vented into the atmosphere, 

as it simply released the gas in an attempt to avoid explosions. However, simply venting 

the gas was wasting a potential energy source, polluting, and still leaving room for deadly 

mine accidents. In the mid-1990s the US E.P.A. started an outreach program with China 
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to share ideas and technologies relating to CBM usage and spur its growth as a 

resource.
52

 Major drilling operations began in the mid 1990s, encouraged by beneficial 

Chinese government policies and tax incentives.
53

 These policies have led many private 

companies, both domestic and foreign, to invest in CBM production in China. 

 

Table 7.5 

Coal Mine Deaths in China 2000-2006 

Year 
Total number of coal mine 

accidents 

Total number of 

deaths 

Number of deaths 

per day 

2000 2,863 5,798 16 

2001 3,082 5,670 16 

2002 4,344 6,995 20 

2003 4,143 6,434 18 

2004 3,639 6,027 17 

2005 3,341 5,986 17 

2006 2,845 4,746 13 

Source:  Ming Yang, ―Climate Change and Energy Policies, Coal and Coal Mine Methane in China,‖ 

Energy Policy, vol. 37, issue 8 (2009), p. 2860. Online. Available: http://econpapers.repec.org/article/ 

eeeenepol/v_3a37_3ay_3a2009_3ai_3a8_3ap_3a2858-2869.htm. Accessed: January 28, 2011. 

 

From 1996 to the present China‘s attitude toward CBM has changed dramatically. 

Methane has become a resource to use rather than a problem to avoid; a legitimate source 

of energy and a profit generator. Large-scale private development began, and within a 

decade the nation had made great strides in mapping out its CBM resources and utilizing 

them for various purposes. In recent years, private industry has seen a huge increase in 

competition for large scale CBM projects in China. The government has passed a number 

of new policies encouraging the sector, such as making ―draining coal mine methane 

before coal mining‖ mandatory.
54

 

China has immense coal reserves, estimated at 114 trillion tons as of 2004, and this 

combined with its high growth rate and corresponding energy demand has resulted in 

extensive UCG technology usage.
55

 Increased use of UCG technology to safely extract 

fuel from coal beds without the need for dangerous mining operations could allow China 

to avoid many of the thousands of mine worker deaths that occur every year. It would 

also allow for cleaner energy production by burning methane instead of coal for power. 

China is currently suffering from dangerous air quality problems due to the chemicals 

released from coal fired plants, which have increased the rates of asthma in children.
56

 

Also, UCG is used as a feedstock for chemical and fertilizer production plants, and China 

has researched technology that can allow the country to use abandoned coal mines as 

gasifiers which allows it to use coal that was previously out of reach.
57

 

China has lofty goals for increasing production of CBM. Although it only used 1.4 billion 

cubic meters of CBM in 2008, the country has goals of increasing the amount extracted to 

―10 billion cubic meters in 2010 and 40 billion cubic meters in 2020.‖
58

 Such expansion 
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is increasingly necessary in the region to support the nation's push for modernization and 

industrialization. Its already massive appetite for energy, as shown in Figure 7.8, will 

require utilization of a variety of energy resources. As China‘s pollution problems 

increase, so will its realization that cleaner energy than coal must be used. The nation‘s 

growing demand, government incentives, and need for ecologically sound alternatives to 

coal, will drive the methane market and thus coal bed methane in the near future. 

 

Figure 7.8 

China’s Energy Demands versus the Rest of the World 

 
Source:  Ming Yang, ―Climate Change and Energy Policies, Coal and Coal Mine Methane in China,‖ 

Energy Policy, vol. 37, issue 8 (2009), p. 2859. Online. Available: http://econpapers.repec.org/article/ 

eeeenepol/v_3a37_3ay_3a2009_3ai_3a8_3ap_3a2858-2869.htm. Accessed: January 28, 2011. 

 

Launch Trajectory 

Classified by Weiss and Bonvillian as a secondary technology with contested launch,
59

 

CBM fits into this grouping because it is an auxiliary source for an already established 

energy production infrastructure that will face competition within its niche market. It 

faces competition from conventional natural gas production and shale methane 

production. Whether or not it is used depends upon its economic feasibility in comparison 

to these, as well as a strong natural gas market. Government incentives are needed in 

offsetting capital costs when launching operations in a region, but after introduction it is 

typically self-sustaining and needs no further intervention to facilitate growth.
60

 

Environmental risks increase the cost of ecologically responsible operation, so 

government regulations and mandates on environmental quality can make CBM less 

competitive. Government funding to offset the costs of wastewater treatment could make 

CBM more competitive, but CBM needs no prototyping or demonstration at this point 

because it is already successful.
61

 Research and development helped spur the movement 
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in the United States, and should continue to be encouraged to develop new methods of 

limiting environmental risks associated with mining procedures.  

Related Policy Incentives 

The only main policy incentive that has influenced CBM adoption was the AFPC 

discussed above; and because the natural gas market has provided incentive to producers 

through profit, further incentives have not been necessary in the United States, However, 

if natural gas prices fall to levels that make CBM unprofitable, incentives could be 

designed to enhance its competitiveness. For example, the AFPC could be reinstated, 

providing non-refundable federal tax credits for volumes of natural gas produced from 

coal seams. Other incentives could target the potential weaknesses of CBM that incur 

extra costs, such as the extra cost involved in waste water treatment and disposal. Tax 

credits could also be given to producers that use environmentally responsible methods of 

waste water disposal such as reinjection, desalinization, or reverse osmosis. 

Analysis of Success and Failure 

Current State of Technology 

CBM technology is fully functional and has been for decades. However, it is hindered as 

an environmentally responsible alternative energy source by its impacts on the 

environment. Technologies are currently under development to limit its environmental 

impact, and if these pollution issues are fully addressed CBM could be a viable 

alternative energy source for the upcoming century.  

There are various new technologies, either recently developed or presently in the process 

of being developed, that should support the popularity of CBM in the near future. These 

technologies can make the procurement of CBM more efficient, adaptable, or 

widespread. 

One technology to evacuate methane from previously underdeveloped coal seams is to 

inject CO2 into the coal veins to fracture the seam and displace the methane trapped by 

depressurizing it. This method is known as enhanced coal bed methane (ECBM) and has 

the added benefit of trapping the CO2 used within the coal bed.
62

 This means that not 

only can it be used as a method for tapping into resources that were previously 

unreachable, but that it can help to offset the CO2 emissions emitted from the burning of 

the very fuel that it releases. Another interesting technology that has been theorized is the 

placing of methane producing bacteria into coal seams thus enriching their methane 

deposits.
63

 

Discussion 

CBM has made a successful entry into the energy market as an alternate source of natural 

gas, and the current state of the industry shows no signs of producing an unfavorable 

environment for CBM. As shown in Figure .4 and the examples in Powder River Basin 

and China, CBM production grows quickly once started in a region. The United States 
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has not seen a decrease in production other than the period of 2008-2010 when the 

economic downturn reduced demand for fuel in general. The only observed oppositions 

to CBM development are civilian groups that rise up to protest irresponsible land 

treatment, and tightening government environmental regulations. These will have limited 

effects on CBM because state governments tend to favor industry,
64

 thus reaping the 

economic benefits that it brings to their communities. Despite opposition, the number of 

CBM producing wells in the Powder River Basin had grown to over 20,000 by 2006; 

only seven years after production had started.
65

 

Currently, major growth in CBM has slowed in the United States. This is due to a number 

of factors, including the new burst of activity in shale gas production, the stabilization of 

the natural gas market, and the fact that most CBM sources are already being used. Shale 

gas has provided an ―incremental addition to what we have seen in growth in production 

around the country since early 2007,‖
66

 while CBM production has leveled off in recent 

years. The majority of accessible coal seams in the continental United States are currently 

producing, which means that further growth like that seen in the 90s and early 2000s is 

unlikely to be seen again.
67

 However, Alaska is known to have significant reserves of 

CBM, and if transport to the continental United States became economically feasible, 

growth could be sparked again.
68

 This doesn't mean that producers will cease CBM 

extraction, as it has become a base for a portion of our natural gas supply.  

Lessons Learned 

CBM exists with a mature infrastructure and technology for finding, extracting, 

transporting, and utilizing methane. If the price of natural gas remains appropriate, 

market forces will give the United States and other nations good reason to use CBM as an 

energy source. For those reasons, policy initiatives will not be as important in 

maintaining CBM operations as they were to get the industry off the ground. Since the 

early 1990s United States coal bed methane production has been on the rise with a fairly 

constant growth trend until only recently. Even as major incentives had been absent for 

approximately a decade, growth has not been stymied. 

Coal bed methane and shale methane industries will continue to react as demand for 

natural gas rises. Natural gas prices have fluctuated in the past, but the expansion of 

unconventional sources should act as a stabilizing factor for the supply and thus the price. 

Diversifying the sources of natural gas leads to less disruption in the flow of total supply. 

Natural gas prices are expected to remain stable or rise slightly for the foreseeable 

future,
69

 providing an adequate market to continue production of both shale and coal bed 

natural gas. 

CBM production will likely remain stable in the future, but it has recently become 

overshadowed by shale gas. The Energy Information Administration (EIA) recently 

announced new estimates of technically recoverable shale gas reserves at 827 trillion 

cubic feet which ensures a plentiful natural gas supply for the near future.
70

 Domestic 

shale gas production grew 50 percent in one year to over 3 trillion cubic feet in 2009,
71

 

while CBM production fell slightly from 2008 to 2009.
72
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Levels of Policy Implementation 

Regulatory policy has the ability to slow CBM development and make it less competitive 

through stricter water, air, and land quality standards that require additional expense for 

compliance. It can also halt development by preventing new drilling permits from being 

obtained by producers unless they meet certain environmental quality guidelines.  

Major regulation, permitting, and enforcement are the responsibility of state 

environmental agencies. However, they must operate within the bounds of federal laws 

such as the Clean Water Act when making their guidelines for resource management 

involving CBM. Because of this, problems can arise if the state agencies do not comply 

with federal standards and situations where development is slowed or paused due to 

improper permitting can occur. State governments may be inclined to be more lenient for 

CBM producers when environmental quality is threatened, favoring the money that CBM 

generates to the landscape. Grassroots movements such as the Powder River Basin 

Resource Council
73

 rise up to fight slackened environmental regulations, but these 

organizations do not have the resources of large oil and gas developers to influence state 

governments.  

Though state governments may have a vested interest in promoting CBM at home, 

federal regulations must provide minimum standards to ensure that state agencies are not 

reaping financial benefits at the expense of the environment. Furthermore, it would be 

beneficial to all parties to have federal and state regulations align more closely with each 

other moving forward. State environmental standards should start with the EPA 

regulations as a basis and build off of them to suit the state‘s specific needs. This way, 

when a CBM producer wishes to construct a well, if they meet the states‘ regulations they 

will automatically meet federal standards as well. This will minimize conflicts that tie up 

permitting processes while preventing risks to the ecology of the land being developed.  

General Policy Recommendations 

Based on the assumption that the United States will attempt to gradually phase out coal 

power plants in favor of cleaner burning natural gas plants to reduce CO2 emissions, 

these policies relating to CBM can help maintain natural gas reserves and stable natural 

gas prices. 

 Policies making waste water disposal more costly for CBM developers should be 

avoided. However, environmental impacts must be handled responsibly. 

 State environmental standards and drill permitting standards should follow EPA 

regulations more closely to avoid delaying the permitting process. 

 If natural gas prices begin to rise or national reserves begin to fall, federal tax 

credits for CBM production can be reinstated to accelerate production. 
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Conclusion 

Coal bed methane provides an example of how policy can heavily influence an energy 

technology. The AFPC of the 1980s gave the industry a needed jump start and the 

increased demand for natural gas stemming from tighter constraints on carbon emissions 

keeps growth profitable. Though economics has taken over, government had a large 

influence on the CBM economy throughout its boom period. Policy is only a catalyst 

however, and the true force that speeds the development of any energy source is the 

market. As long as natural gas is in demand, CBM production will continue with or 

without financial aid from the US government. Also, the fact that many coal seams in 

developing nations around the world, such as China, have yet to be tapped will ensure its 

continued use as an energy source. Policy can slow CBM development by putting stricter 

environmental regulations on the damaging waste products of extraction. The use of 

CBM as a fuel source is a necessity, as simply allowing it to escape into the atmosphere 

causes more harm than burning it as fuel. However, to have CBM be truly ecologically 

sound a myriad of technologies must be implemented to deal with the toxic water 

pumped out of wells, the CO2 released when methane is burned, and the pollution 

brought to the drill site by the mining procedures. Economic forces alone will not address 

these problems fast enough, so policy must step in before too much damage is done. 
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Chapter 8.  Ethanol 

Executive Summary 

Ethanol is a liquid fuel primarily produced from annually grown plant feedstock that can 

be used as a supplement or substitute for gasoline in transportation applications. Both the 

United States and Brazilian ethanol industries have been growing rapidly with the support 

of incentives. Because the vast majority of ethanol in the United States is produced from 

corn, this case study focuses on the history, policies, incentives, benefits, and drawbacks 

of corn ethanol. Similarly, because sugarcane ethanol dominates the Brazilian ethanol 

market, the Brazilian section focuses solely on sugarcane ethanol. Where pertinent, 

comparisons are drawn between corn ethanol and alternative biofuels, such as algae-

based biofuels and cellulosic ethanol. 

This chapter provides an overview of the production, history, policies, incentives, 

benefits and drawbacks of both corn ethanol in the United States and sugarcane ethanol in 

Brazil. It is split into two sections: the first regarding the United States, the second 

regarding Brazil. The first section provides insight and recommendations regarding corn 

ethanol in the United States. The United States has the largest ethanol industry in the 

world, producing more than 10.7 billion gallons of ethanol in 2009.
1
 The ethanol industry 

has been growing rapidly in the United States over the past 10 years
2
 with the support of 

a wide array of incentives, subsidies, and laws that mandate ethanol consumption. 

Corn ethanol has advantages compared to gasoline: renewability, lower tailpipe 

emissions, and independence from imported fuel supplies. However, corn ethanol has 

disadvantages that will prevent it from becoming a sustainable long-term alternative to 

petroleum-based liquid fuels. These disadvantages include significant energy 

consumption and carbon dioxide (CO2) emissions during ethanol production, substantial 

petroleum-based inputs, and competition with food and feed sources. These drawbacks 

are likely to remain regardless of innovations in corn ethanol production technologies. 

However, the advantages of corn ethanol are shared by alternative types of biofuels that 

may prove to be sustainable long-term alternatives to petroleum with further research and 

development. Alternative biofuels need to overcome some of the infrastructure and 

economic barriers currently faced by corn ethanol.  

The second section provides the history, policies, and environmental benefits of the 

Brazilian sugarcane ethanol industry. It begins by discussing the process of ethanol 

production, Brazil‘s natural assets, and the tumultuous history of the sugarcane ethanol 

industry in Brazil. The chapter then outlines the characteristics of an ideal biofuel and 

how sugarcane ethanol meets and surpasses its counterparts in many of these criteria. 

Following this analysis, the chapter takes an in-depth look into current US legislation and 

the policy implications for sugarcane ethanol therein. It then provides a national policy 

framework comparison between Brazil and the United States, concluding with Brazil‘s 

dynamic role in the shifting global energy and economic stage.  
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Corn Ethanol in the United States 

History of Ethanol Use in the United States  

Ethanol has been used as fuel in the United States for almost two centuries. As early as 

1826, an engine invented by Samuel Morey ran entirely on ethanol.
3
 Before the American 

Civil War, ethanol was used extensively in lighting applications.
4
 In the early 20th 

century, ethanol was one of the fuels, along with gasoline, that could be used to run 

Ford‘s flex-fueled Model T.
5
 During World War I (WWI), the demand for ethanol in the 

United States was between 50 and 60 million gallons each year.
6
 In the 1930s, there were 

more than 2,000 gasoline stations in the Midwest selling an ethanol-gasoline blend that 

was 6-12 percent ethanol.
7
 Ethanol production increased during World War II (WWII) as 

a substitute for gasoline and diesel in non-war-related applications. After WWII, 

however, ethanol ceased being commercially available in the United States.
8
 

The oil embargo of the 1970s brought the US dependence on foreign oil to the political 

forefront and reawakened alternative fuel industries, including ethanol. From the mid-

1970s through the mid-1980s, Congress passed many laws that promoted ethanol 

consumption and production in the United States, causing immense growth in the ethanol 

industry in a short time. In the early 1980s ethanol was being produced in the United 

States at approximately the same rate as it was during WWI, at approximately 50 million 

gallons per year.
9
 By 1985, less than five years later, ethanol production had increased by 

a factor of 12 and approximately 595 million gallons were being produced per year.
10

 

However, this enormous increase in production did not translate into automatic financial 

success for ethanol plants. Eighty-nine (55 percent) of the ethanol production plants in 

operation in the beginning of 1984 were closed by the end of 1985.
11

 

In 1988, ethanol was introduced as a lead-free octane booster in gasoline with lower 

carbon monoxide emissions than the existing alternatives: methyl tertiary butyl ether 

(MTBE) and ethyl tertiary butyl ether (ETBE).
12

 In 1997, US car manufacturers began to 

produce flex-fueled vehicles technically capable of operating on either a blended fuel of 

85 percent ethanol and 15 percent gasoline (E85) or gasoline alone.
13

 By 2002, over 3 

million E85 vehicles were on the road.
14

 However, there were only 169 E85 stations in 

the United States in 2002, meaning that most E85 vehicles could not take advantage of 

their flex-fuel capacity and ran on solely on gasoline.
15

 

The ethanol industry in the United States has continued to expand over the past decade, 

as is shown in Table 8.1. The production capacity has increased to more than seven times 

what it was in 1999; it is currently on the order of 13 billion gallons ethanol per year. The 

number of ethanol plants in the United States has more than tripled to approximately 187, 

and production capacity is expected to continue to increase as new plants and new 

capacity comes online. However, production capacity is expanding at a lower rate than it 

was in 2007, when it peaked with 76 plants under construction and 5,636 million gallons 

per year of capacity either under construction or expanding. 
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Table 8.1 

Ethanol Industry 1999-2010 

Year 

(in Jan.) 

Total 

Ethanol 

Plants 

Ethanol 

Production 

Capacity 

 (million gal/yr) 

Plants Under 

Construction/ 

Expanding 

Capacity Under 

Construction/ 

Expanding  

(million gal/yr) 

States with 

Ethanol 

Plants 

1999 50 1701.7 5 77 17 

2000 54 1748.7 6 91.5 17 

2001 56 1921.9 5 64.7 18 

2002 61 2347.3 13 390.7 19 

2003 68 2706.8 11 483 20 

2004 72 3100.8 15 598 19 

2005 81 3643.7 16 754 18 

2006 95 4336.4 31 1778 20 

2007 110 5493.4 76 5635.5 21 

2008 139 7888.4 61 5536 21 

2009 170* 12475.4** 24 2066 26 

2010 187* 13028.4** 15 1432 26 

Source: Adapted from Renewable Fuels Association, Statistics (2010). Online. Available: http://www. 

ethanolrfa. org/pages/statistics/#G. Accessed: October 12, 2010.  

Notes: *Operating Plants, **Includes idled capacity 

 

Ethanol-Related Subsidies and Taxes in the United States 

The rapid changes in the ethanol industry in the United States described above reflected 

incentives, laws, taxes, and subsidies implemented by the federal government. 

Historically, the agricultural industry in the United States has promoted corn ethanol. 

Farm groups have lobbied for mandates to require ethanol blends in gasoline, as well as 

for subsides for the corn ethanol industry, because the success of the corn ethanol 

industry benefits corn growers. Table 8.2 lists some of the major ethanol-related policies 

in the United States These policies include excise taxes, income tax credit, loan 

guarantees, and mandates. 

 

Table 8.2 

Historic Ethanol-Related Policies in the United States 

Year 
Policy 

Type 
Description Impact 

1862 Tax The Union Congress put a $2/gal excise tax 

on ethanol to help pay for Civil War 

Ethanol ceased being used on 

a large scale 

1906 Repeal of 

Tax 

1862 tax on ethanol was lifted Ethanol began to be used to 

fuel automobiles and for war 

efforts 

1973 Regulatio

n 

Environmental Protection Agency (EPA) 

issued initial regulations phasing out lead in 

gasoline 

Made ethanol more appealing 

because could serve as lead-

free octane-booster  

1974 Law Solar energy Research, Development, and Led to R&D in converting 
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Demonstration Act of 1974 cellulose and organic waste 

into useful fuels 

1978 Subsidy Energy Tax Act of 1978 – 40c/gal subsidy 

for every gallon of ethanol blended into 

gasoline 

Promoted ethanol use as a fuel 

for automobiles 

1979 Law Department of the Interior and Related 

Agencies Appropriation Act 

Provided approximately over 

$1 billion to biomass-related 

projects over the life of the bill 

1980 Law Energy Security Act of 1980 – offered 

insured loans for small ethanol producers, 

large loan guarantees which could cover up 

to 90% cost of an ethanol plant, price 

guarantees for biomass energy projects, and 

purchase agreements for biomass energy 

used by federal agencies 

Aided those interested in 

building ethanol plants; 

encouraged growth in industry 

1980 Tariff U.S. Ethanol Import Tariff of 1980 – 

imposed a tariff on imported ethanol 

Reduced competition from 

less expensive ethanol from 

Brazil 

1980 Law Gasohol Competition Act of 1980  Banned retaliation against 

ethanol resellers 

1980 Tax Credit Crude Windfall Tax Act of 1980 Extended the ethanol-gasoline 

tax credit 

1983 Subsidy Surface Transportation Assistance Act of 

1982 

Increased ethanol subsidy to 

50c/gal 

1984 Subsidy Tax Reform Act of 1984 Increased subsidy to 60c/gal 

1988 Local 

Mandate 

Denver mandated oxygenated fuels for 

winter use to control carbon monoxide 

emissions 

Promoted ethanol because it is 

oxygenated 

1990 Lowered 

Subsidy 

Omnibus Budget Reconciliation Act of 

1990  

Decreased ethanol subsidy to 

54 c/gal 

1992 Mandate/ 

Tax 

Deduc-

tions 

Energy Policy Act of 1992 – required 

specified car fleets to begin purchasing 

alternative fuel vehicles (run on E85 or 

higher), tax deductions for purchasing an 

alternative fuel vehicle, and for installing 

equipment to dispense alternative fuels 

Promoted adoption of E85-

fueled vehicles 

1992 Mandate Clean Air Act Amendments – mandated use 

of oxygenated in certain regions at certain 

times of the year which had not been 

meeting carbon monoxide standards 

Promoted use of ethanol as a 

gasoline additive 

1995-6 State 

Subsidies 

Some states passed subsidies because a poor 

corn crop caused prices to double to $5/ 

bushel 

Helped corn ethanol remain 

economically viable for 

consumers 

1998 Subsidy Ethanol subsidy was extended through 2007 

with a gradual reduction from 54 c/gal to 51 

c/gal in 2005 

Guaranteed subsidy for 

another 10 years 

2005 Law Energy Policy Act of 2005 Ensured gasoline sold in U.S. 

contained a min volume of 

renewable fuel. Aimed to 

double the use of renewable 

fuel by 2012. 

2007 Law Energy Independence and Security Act of 

2007 

Required 36 billion gallons of 

ethanol and other fuels be 

blended into gasoline, diesel, 

and jet fuel by 2022 
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Source: Adapted from Energy Information Administration (EIA), Energy Kids, Energy Timelines: Ethanol. 

Online. Available: http://www.eia.doe.gov/kids/energy.cfm?page=tl_ethanol. Accessed: October 18, 

2010. 

 

Current Status of Corn Ethanol in the United States 

In 2008 the United States produced 9 billion gallons of ethanol, more than any other 

country in the world.
16

 Total global production in 2008 was 17.3 billion gallons.
17

 Brazil 

was the world‘s second largest ethanol producer with 6.5 billion gallons of ethanol 

produced.
18

 

Ethanol consumption in the United States has been growing steadily in recent years. 

Since approximately 97 percent of ethanol in the United States is from corn,
19

 as ethanol 

consumption grows, an increasing percentage of corn grown in the United States is 

devoted to ethanol production. It is estimated that in 2010, approximately 30 percent of 

the US corn crop will be used to produce ethanol.
20

 The purchase of corn for fuel 

competes with the market for corn used in food production, potentially increasing the 

price of corn-based foods such as tortillas, poultry and eggs. The potential difficulties 

associated with these price increases will be discussed below in the section on food 

versus fuel.  

Ethanol production and consumption in the United States are increasing rapidly. Table 

8.3 illustrates how ethanol production and consumption increased significantly from 2004 

to 2008. It also quantifies the amount of energy lost from the feedstock during production 

and the amount of ethanol imported annually into the United States.  

The US capacity for ethanol consumption is also growing. In October 2010, the 

Environmental Protection Agency (EPA) waived a limitation on the maximum 

percentage of ethanol allowed in non-flex-fuel vehicles. Previously, no more than 10 

percent ethanol was allowed; as of October 2010, up to 15 percent ethanol blends are 

permitted for use in cars and light trucks model year 2007 and newer.
21

 The EPA 

determined that the move from E10 to E15 for these vehicles would not harm emissions 

control equipment.
22

 This increase in potential ethanol consumption is an important 

development for the industry because it allows more ethanol to be used to offset gasoline 

consumption if E15 is made available.  

 

Table 8.3 

Biofuels Overview 2004-2008 (Trillion BTU) 

Type 2004 2005 2006 2007 2008 

Ethanol      

  Feedstock
1
 484 552 688 914 1,300 

  Losses and Coproducts
2
 203 230 285 376 531 

  Denaturant
3
 8 9 11 14 21 

file:///C:/Users/lsf95/AppData/Local/AppData/Local/AppData/Julia/AppData/Local/Temp/table1_6.xls%23RANGE!A26
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  Production
4
 289 331 414 553 790 

  Net Imports
5
 13 12 62 37 45 

  Stock Change
6
 * -2 11 6 13 

  Consumption
4
 301 344 465 584 821 

  Consumption minus 

Denaturant 

293 335 453 569 800 

Adapted from: Energy Information Administration, Biofuels Overview. Online. Available: http://www. 

eia.doe.gov/cneaf/solar.renewables/page/rea_data/table1_6.html. Accessed: October 11, 2010.  

Sources: (For ethanol and biodiesel heat contents, see Table 10.) Ethanol Feedstock: Calculated as fuel 

ethanol production multiplied by the approximate heat content of the corn and other biomass inputs to 

the production of fuel ethanol. Ethanol Losses and Co-products: Calculated as ethanol feedstock minus 

fuel ethanol production excluding denaturant. Ethanol Denaturant: 2004-2008: Denaturant estimated as 

2 percent of ethanol production.  Ethanol Production: 2004 and forward: U.S. Energy Information 

Administration (EIA), Form EIA-819, ―Monthly Oxygenate Report,‖ and predecessor form. Ethanol 

Net Imports, Stocks and Stock Change: 2002 and forward: EIA, Petroleum Supply Annual (PSA), 

annual reports.  Ethanol Consumption: 2002-2004: EIA, PSA, annual reports, Tables 2 and 16. 

Calculated as ten percent of oxygenated finished motor gasoline field production (Table 2), plus fuel 

ethanol refinery input (Table 16). 2005-2008: EIA, PSA (Various Issues), Tables 1 and 15. Calculated 

as motor gasoline blending components adjustments (Table 1), plus finished motor gasoline 

adjustments  (Table 1), plus fuel ethanol refinery blender net inputs (Table 15). 

Note: Totals may not equal sum of components due to independent rounding. 

1 
Total corn and other biomass inputs to the production of fuel ethanol. 

2 
Losses and coproducts from the production of ethanol.  Does not include natural gas, electricity, and other 

non-biomass energy used in the production of ethanol. 

3 
Petroleum, typically pentanes plus or conventional motor gasoline, added to ethanol to make it unfit for 

human consumption. 

4 
Includes denaturant. 

5
Fuel ethanol imports. There are no exports. Includes denaturant. 

6 
A negative number indicates a decrease in stocks and a positive number indicates an increase. Includes 

denaturant. 

 

The number of vehicles on the road running on E85 is growing. According to the Energy 

Information Administration (EIA), the number of E85-capable vehicles in use as 

alternatively fueled vehicles more than doubled from 2004 to 2008, from approximately 

212,000 to 450,000 vehicles.
23

 The EIA also estimates that there were approximately 7.1 

million E85-capable vehicles on US roads in 2008.
24

 While many of these vehicles were 

being run on standard gasoline, these numbers suggest that there is a significant untapped 

customer base for E85. If consumer awareness increases and if E85 becomes more widely 

available, consumption could increase dramatically without new vehicles being 

purchased.  
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However, there is currently much debate regarding whether ethanol can and will offer 

advantages significant enough to counteract its many drawbacks. In a 2009 paper, 

Somma et al. argued that corn-based ethanol is not a viable alternative to gasoline when 

the cost of economic incentives, infrastructure problems associated with ethanol‘s 

corrosiveness, and resultant price increases in food are considered.
25

 The paper advocated 

for cellulosic ethanol as a preferable option, even though cellulosic ethanol is unlikely to 

meet energy security and environmental goals in the near term because more research and 

infrastructure are needed.
26

 

The future of ethanol is uncertain, as a long-term federal incentive plan for ethanol has 

not been established. Instead, ethanol incentives are typically short-term provisions that 

must be frequently renewed or extended.
27

 At the end of 2010, a federal 45-cent-per-

gallon volumetric ethanol excise tax credit (VEETC) for ethanol blenders, a 54-cent-per-

gallon tariff on ethanol imports,
28

 and a 10-cent-per-gallon tax credit for small ethanol 

producers were set to expire.
29

 Corn growers and ethanol trade groups worked to extend 

these incentives, arguing that the expanding ethanol industry will create jobs in the 

United States, bring income to rural regions, and reduce American dependence on foreign 

oil. Environmentalists and livestock producers argued that these incentives are 

unnecessary, that they ultimately cause jobs to be lost in other industries, and that the 

expansion of the corn ethanol industry has negative environmental impacts. Although a 

tax bill extending ethanol incentives until December 2011 was passed and signed into 

law, it was done so two weeks before incentives expired,
30

 and these incentives were only 

extended for one year.
31

 The future of ethanol still remains uncertain as last-minute, 

short-term incentives, such as those enacted in 2010, may continue to characterize 

ethanol policy in the United States in coming years. 

How Ethanol Works 

The goal behind sugarcane ethanol production is to create viable fuel via fermented 

sugars. Ethanol can be produced from a number of feedstocks, such as corn, sugarcane, 

and switchgrass. These feedstocks are grown, harvested, and transported to ethanol 

manufacturing facilities. In the case of corn ethanol, the production of the feedstock 

involves the use of petroleum-based fertilizers, pesticides and herbicides; this process 

also consumes significant quantities of water. Figure 8.1 depicts the dry mill process used 

for ethanol production. The process at the production plant aims to break down the 

cellulose which allows the sugar monomers to be readily available to ferment; freeing the 

―trapped‖ or bonded sugars is the key behind ethanol production.
32

 

The process is broken down into four steps: pretreatment, hydrolysis, fermentation, and 

distillation. The first step in production is pretreatment, which is intended to ―increase the 

ability of the enzymes to access the sugars.‖
33

 Not all ethanol producers use pretreatment, 

however. Those who use the enzymatic hydrolysis process tend to use pretreatment more. 

This preparatory step is believed by some ethanol producers to increase efficiency in the 

next two steps, but is not integral to the process. The second step is hydrolysis. There are 

two hydrolysis options, enzymatic or acid. Acid hydrolysis simply breaks ―down the 

complex carbohydrates into simple sugars. An alternative method, enzymatic hydrolysis, 
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uses pretreatment processes to first reduce the size of the material to make it more 

accessible to hydrolysis. Once pretreated, enzymes are employed to convert the biomass 

to fermentable sugars.‖
34

 Studies indicate that enzymatic hydrolysis breaks down sugars 

up to six times more effectively.
35

 

 

Figure 8.1 

Diagram of the Dry Mill Process for Ethanol Production 

 

Source: ICM, Ethanol Production Process. Online. Available: http://www.icminc.com/ 

ethanol/production_process/. Accessed: October 11, 2010. 

 

The next step in ethanol production is fermentation. Microbes are used during this step to 

convert the carbohydrates present in the feedstock into ethanol.
36

 Distillation, the final 

step, works to purify the alcohol and remove unnecessary elements, during which time 

the ethanol is separated out from the other liquid byproducts. On average, the liquid broth 

coming out of this process is only 8 percent ethanol.
37

 After it has been separated from 

the by-products, ethanol is mixed with gasoline to produce the commonly used E10 (10 

percent ethanol, 90 percent gasoline) and E85 (85 percent ethanol, 15 percent gasoline) 

blends. After distillation, the treated, fermented and purified alcohol is fit for distribution. 

As ethanol cannot be transported using current pipelines because it is too corrosive, it 

typically arrives at gas stations via truck, train or barge.  
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How Incentives for Ethanol Are Funded in the United States 

Ethanol incentives in the United States are primarily funded by federal and state 

governments. The ethanol industry has cost US taxpayers approximately $45 billion since 

1980 in subsidies and tax incentives.
38

 The tax credit for ethanol blenders and the tariff 

on ethanol imports together are estimated to cost approximately $6 billion a year.
39

 In 

2008, corn growers received federal direct payments and insurance premiums, totaling 

approximately $4.2 billion, approximately $1.3 billion of which supported corn that was 

then made into ethanol.
40

 In 2008, sorghum growers received federal direct payments and 

insurance premiums, about $92 million of which supported sorghum that was then used 

to produce ethanol.
41

 

Impetus for Ethanol 

There are four main reasons why some analysts prefer ethanol to gasoline. First, ethanol 

provides money and jobs to American farmers living in rural areas. Consequently, 

ethanol is viewed as a way for the United States to become energy independent because it 

allows the United States to avoid funding political opponents while still meeting its liquid 

fuel needs. Second, ethanol is a renewable resource that can be replenished each year in a 

sustainable way in theory without the consumption of fossil fuels. Third, ethanol is used 

as a gasoline additive to prevent knocking in automobiles. Knocking is a metallic sound 

produced when pressure is applied to the gas pedal.
42

 It occurs ―when gas ignites by 

compression rather than because of the spark from the spark plug,‖ potentially causing 

damage to the engine.
43

 Fourth, ethanol is a cleaner alternative than other gasoline 

additives such as MTBE, which is a human carcinogen. These four reasons will be 

explored in further detail below in the discussion of the benefits of ethanol. 

Midwest United States 

Midwestern US states are the predominant American producers of corn ethanol. Figure 

8.2 depicts the quantity of corn produced in each county in the United States, with the 

locations of ethanol plants, and their status—under construction, producing, or not 

producing--superimposed. Most ethanol plants operate in areas where there is significant 

corn production--primarily in southern Minnesota, Iowa, northern Illinois, western South 

Dakota, and Nebraska. 

 



200 

Figure 8.2 

Corn for Grain 2009 Production by County and Location of Ethanol 

Plants as of January 2010 

 

Source: United States Department of Agriculture (USDA), Production by County and Location of Ethanol 

Plants (January 19, 2010). Online. Available: http://www.nass.usda.gov/Charts_and_ Maps/Ethanol_ 

Plants/U._S._Ethanol_Plants/EthanolPlantsandCornProd-US.pdf. Accessed: November 1, 2010. 

 

E85 fueling stations are primarily concentrated in the Midwest ethanol-producing states 

(see Figure 8.3). Minnesota has significantly more E85 fueling stations of any state, and 

the concentration of E85 stations in Minnesota, Wisconsin, Iowa, Illinois, and Indiana is 

much higher than it is anywhere else in the country. It is interesting to note, however, that 

California, Colorado, South Carolina, and New York have a relatively high number of 

E85 stations, compared to the rest of the country, given that these states have few, if any, 

ethanol plants and virtually no corn production. 

Despite the fact that most ethanol currently comes from Midwestern corn, the United 

States has the potential to produce ethanol from alternative (non-corn) feedstocks in other 

geographic regions of the country. For instance, states with tropical climates, such as 

Florida and Hawaii, could produce sugarcane-based ethanol. Cellulosic ethanol could be 

produced potentially throughout the country from a variety of feedstocks such as grass, 

wood, and agricultural waste. Figure 8.4 shows the potential biomass resources present in 

the United States. Figure 8.4 ―includes the following feedstock categories: crop residues 

(5 year average: 2003-2007), forest and primary mill residues (2007), secondary mill and 

urban wood waste (2002), methane emissions from landfills (2008), domestic wastewater 

treatment (2007), and animal manure (2002).‖
44
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Figure 8.3 

Distribution of E85 Fueling Stations in the U.S. 

Source: United States Department of Energy, E85 Fueling Station Locations. Online. Available: 

http://www.afdc.energy.gov/afdc/ethanol/ethanol_locations.html. Accessed: November 1, 2010. 

 

Figure 8.4 

Biomass Resources of the United States, by County 

 

Source: Billy Roberts, ―Biomass Resources of the United States,‖ National Renewable Energy Laboratory 

(September 23, 2009). Online. Available: http://www.nrel.gov/gis/images/map_biomass_total_us.jpg. 

Accessed: November  22, 2010. 
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Launch Trajectory  

Bonvillian and Weiss consider ethanol a secondary innovation with contested launch.
45

 

Ethanol is considered a secondary innovation because it is a substitute for oil, an existing 

resource used in larger energy-use systems.
46

 Bonvillian and Weiss articulate four 

barriers to the adoption of ethanol: ―(1) Competition with food crops, (2) Review of land-

use limits of scale-up, (3) Infrastructure requirements of scale-up, (4) Likely opposition 

from incumbents.‖
47

 Obstacle 1 refers to the food versus fuel debate, discussed in detail 

in the section below on the benefits and drawbacks of corn ethanol, and the consequence 

of using food crops for fuel on prices of food staples. Obstacle 2 refers to the substantial 

area of land needed to produce ethanol. There is a limited amount of arable land in the 

world that could be set aside for fuel needs, while still allowing for enough food 

production and without destroying critical wilderness areas. This area of land is unlikely 

to be able to supply a very large proportion of our liquid-fuel needs. Obstacle 3 concerns 

the infrastructure that would be needed if ethanol were produced on a large scale, such as 

new pipelines that could carry the ethanol from the Midwest corn-producing regions to 

the coasts. Existing pipelines and pumps could not be used because ethanol is too 

corrosive.
48

 If oil companies end up incorporating ethanol into their product portfolios, it 

is likely they would be able to provide the funds to support the additional infrastructure 

needed.
49 

However, if, as described in Obstacle 4, there is confrontation between oil 

companies and ethanol producers, so that oil companies do not fund ethanol 

infrastructure, the government may need to financially support this infrastructure.
50

  

To promote biofuels, Bonvillian and Weiss recommend ―Front-end support for research 

on new cellulosic crops, and on environmental, economic, and land-use consequences of 

scale-up, including effect on food prices.‖
51

 They also recommend that institutions 

provide ―funds for infrastructure via energy corporation if private financing is 

unavailable.‖
52 

They argue that further incentives for ethanol production will need to be passed in order 

to aid in the transition towards ethanol from the current market dominated by oil.
53

 

During this transition, biofuels will require public funds for research and development.
54

 

It is unclear to what extent the oil industry is opposing or would oppose the ethanol 

industry. If ethanol were clearly a superior liquid fuel and had the potential to completely 

displace oil, it would likely be met with strong opposition from the oil industry in the 

short term. In the long term, oil companies may opt to run their own ethanol production 

facilities, which may prove to be economical and beneficial for them if ethanol is able to 

surmount the challenges it currently faces. However, ethanol has many disadvantages and 

is unlikely to displace oil significantly enough to be considered a major threat to oil 

companies in the near future. 

Related Policy Incentives 

As was discussed previously in the sections on the history of ethanol and the current 

status of ethanol in the United States, federal policy incentives for ethanol have 

historically been effective in very quickly expanding the ethanol industry. For instance, 
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the leap in ethanol production from 50 million gallons per year in 1980 to 595 million 

gallons per year in 1985 was most likely a result of the various laws passed in 1980. The 

Energy Security Act offered loan guarantees to ethanol producers and placed import fees 

on foreign ethanol producers; the Crude Windfall Tax Act extended a blender‘s tax 

credit; and the Gasohol Competition Act ―banned retaliation against ethanol resellers.‖
55

 

 

Table 8.4 

Current Federal Ethanol-Related Incentives 

1. Alternative fuel infrastructure tax credit 

2. Volumetric ethanol excise tax credit (VEETC) 

3. Small ethanol producer tax credit 

4. Advanced energy research project grants 

5. Improved energy technology loans 

6. Advanced biofuel production grants and loan guarantees 

7. Advanced biofuel production payments 

8. Biodiesel education grants 

9. Biomass research and development initiative 

10. Value-added producer grants (VAPG) 

11. Biobased transportation research funding 

12. Cellulosic biofuel producer tax credit 

Source: United States Department of Energy, Federal Ethanol Incentives and Laws. Online. Available: 

http://www.ethanolrfa. org/pages/statistics/#G. Accessed: January 17, 2011.  

 

Currently, 12 large federal ethanol-related incentive programs are in place. These 

incentives are listed in Table 8.4. They include tax credits for small ethanol producers, 

cellulosic biofuel producers, ethanol blenders, and fueling equipment manufacturers; they 

also include research and development grants, education program grants, and loan 

guarantees.
56

 As was discussed in the section on the current status of ethanol in the 

United States, there is much uncertainty in the federal incentives system because most 

incentive programs are short-term and must be regularly renewed. Three of the 12 federal 

incentives—alternative fuel infrastructure tax credits, the VEETC, and the small ethanol 

producer tax credit—will expire December 31, 2011, whereas the cellulosic biofuel 

producer tax credit is set to expire December 31, 2012.
57

 A number of other incentives 

programs have near-term limits on guaranteed funding, although the program itself is not 

set to expire. For instance, the advanced biofuel production grants and loan guarantees, 

which are funded through the Bioenergy Program for Advanced Biofuels Payments to 

Advanced Biofuel Producers Program under the United States Department of 

Agriculture‘s (USDA‘s) Rural Development Program, has funding available only through 

FY 2012.
58

 

In addition to incentives, a number of federal mandates exist that promote the adoption of 

ethanol in the United States. The Energy Policy Act (EPAct) of 2005 set annual 

requirements for the amount of ethanol that must be blended in gasoline. In 2010, the law 

required 12 billion gallons of ethanol.
59

 This amount will rise incrementally until 2022, 

when 36 billion gallons of ethanol will be required to be blended.
60

 The Energy 
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Independence and Security Act of 2007 ―mandates 36 billion gallons of renewable fuels 

by 2022, with the caveat that 21 billion gallons must be produced from non-corn 

feedstocks.‖
61

 

 

Figure 8.5 

Number of State Ethanol Incentives and Laws 

 

Source: United States Department of Energy (DOE), Ethanol Incentives and Laws. Online. Available: 

http://www.afdc.energy.gov/afdc/ethanol/incentives_laws.html. Accessed: January 17, 2011. 

 

From 2002-2009, 386 state incentives and law enactments related to ethanol were passed 

in the 50 states and the District of Columbia, according to the Department of Energy‘s 

Alternative Fuels & Advanced Vehicles Data Center.
62

 Figure 8.5 depicts the number of 

ethanol incentives and laws currently in place in each state. The number of incentives 

varies greatly among the states, from only one existing state law or incentive in states 

such as Utah,
63

 to 18 ethanol-related incentives and laws, as there are in both Iowa
64

 and 

Illinois.
65

 These state-level laws and incentives address a variety of issues. Iowa‘s eight 

state ethanol incentives and ten state ethanol-related laws and regulations are provided in 

Table 8.5 and serve as an example of the wide variety of programs in place to promote 

ethanol at the state level. These incentives and laws address a variety of ethanol-related 

issues: tax credits, loan programs, demonstration grants, research funding, education 

initiatives, contract regulations, consumption goals, labeling requirements, and promotion 

plans.
66

 Because the number and content of ethanol incentives and laws, as well as the 

ethanol production resources, vary substantially among the states, it is difficult to 

determine whether and which state ethanol laws and incentives have been effective in 

promoting ethanol. 
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Table 8.5 

Iowa’s State Ethanol Incentives and Laws 

Incentives Laws and Regulations 

1. Ethanol blender retail tax credits 1. Renewable fuels promotion and education 

2. E85 retailer tax credit 2. E85 fuel exclusivity contract regulations 

3. Biofuels infrastructure grants 3. Renewable fuel replacement goals 

4. Alternative fuel vehicle demonstration grants 4. Renewable fuel labeling requirements 

5. Alternative fuel loan program 5. Regional biofuels promotion plan 

6. Alternative fuel production loans 6. State fleet biofuels use and fuel efficiency 

7. Alternative fuel production tax credits 7. Biofuel decal and use requirement 

8. Alternative fuel research and development 

funding 

8. E85 fuel use requirements 

 9. Alternative fuel vehicle acquisition requirement 

 10. E85 dispenser requirement 
 

       Source: Adapted from The United States Department of Energy, Iowa Incentives and Laws for Ethanol. 

Online. Available: http://www.afdc.energy.gov/afdc/progs/ind_state_laws.php/IA/ETH. Accessed: 

January 17, 2011. 

 

Current State of the Technology 

Table 8.6 lists ethanol‘s comparative advantages and disadvantages. The text below 

discusses each table entry.  

If ethanol could be produced in large volumes in the United States without significant 

consumption of foreign natural resources, it would allow the United States to become 

energy independent. Many proponents of ethanol emphasize that energy independence 

would mean that the United States would no longer need to buy fuels from governments 

hostile to it. A liquid fuel industry relying primarily on domestically produced ethanol 

would instead support American farmers, allowing them to receive a higher price for 

crops and generating income in rural areas of the Midwest. Domestically produced 

ethanol also benefits the economies in areas that have ethanol plants. ―The average 

ethanol plant employs 40-50 people and spends $130 million a year on supplies, wages 

and transport. With 204 plants nationwide, that amounts to thousands of jobs and billions 

of dollars in outlays.‖
67
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Table 8.6 

Benefits and Drawbacks of Ethanol in the United States 

Benefits Drawbacks 

1.  Funds American farmers instead of 

governments hostile to the US 

1.  Low Ein/Eout ratio 

2.  Prevents knocking in cars 2.  Significant carbon life cycle emissions 

3.  Cleaner at tailpipe than other gasoline 

additives 

3.  Soil and groundwater pollution during corn 

production 

4.   Renewable liquid fuel – theoretically not 

dependent on fossil fuels 

4.  Changes in ethanol distribution and retail 

infrastructure are needed 

  5.  May not be economically viable without subsidies 

  6.  Significant land use during production 

  7.  Significant water use during production 

  8.  Food vs. Fuel and possible increase in price of 

food 

  9.  Corn crop dependent on climate – drought, 

hurricanes, etc. 

  10.  Possible opposition from the oil industry 

  11.  Possible ‗blend wall‘ after which machinery is 

harmed by ethanol because of its corrosive properties 

 

Ethanol is an octane-enhancer and prevents knocking in cars. The octane rating of 

gasoline indicates ―how much the fuel can be compressed before it spontaneously 

ignites.‖
68

 When fuel spontaneously ignites, it causes knocking in the engine, which can 

be damaging. By adding ethanol to gasoline, the octane rating increases, meaning that the 

gas can be compressed further before knocking will occur.  

Ethanol is an octane-booster which has replace environmentally harmful MTBE in 

gasoline. Using ethanol instead of MTBE ―reduces the amount of hydrocarbons and 

carbon monoxide in vehicle exhaust.‖
69

 MTBE is a human carcinogen at high doses that 

recently has been detected in a number of sources of drinking water throughout the 

United States.
70

  

Recently, there have been a number of successful lawsuits against companies that 

released MTBE and caused water contamination. In 2009, a jury required Exxon to pay 

$104.7 million after it found Exxon liable for contaminating wells in New York City with 

MTBE.
71

 In 2008, California Water Service Company received a $49.7 million settlement 

as part of a lawsuit with oil companies after 27 drinking water wells were found to be 

contaminated with MTBE.
72

 By replacing MTBE with ethanol, companies reduce their 

risk of being sued for environmental contamination.  

Some groups, such as CalGasoline, argue that ethanol is not an acceptable replacement 

for MTBE on grounds that ―ethanol blends evaporate more readily than MBTE‖ and 

―ethanol emits more harmful smog-forming emissions in the summertime than MBTE.‖
 73

 

However, ethanol‘s environmental advantage over MBTE appears to be generally 

accepted.  
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Ethanol is a renewable liquid fuel source because it is produced from corn or other plants 

that can be grown in the same location year after year, provided adequate water and other 

resources remain available. In idealized ethanol production, ethanol feedstocks would 

grow naturally, without added inputs that consume fossil fuels. Through photosynthesis, 

feedstocks would chemically store energy from the sun, while they sequestered carbon 

and released oxygen into the atmosphere. At the end of the growing season, the feedstock 

would be harvested using low-energy techniques. If proper agricultural practices are 

used, this process could be repeated year after year on the same land without depleting 

the soil. In this idealized case, ethanol would be a renewable liquid fuel source that could 

be relied on indefinitely for a certain quantity of fuel.  

Ethanol‘s potential to be a truly renewable resource has provided the impetus for the 

expansion of the US ethanol industry. Currently, however, fossil-fuel-intensive products--

such as fertilizer, treated water, and herbicides--are used in substantial quantities during 

ethanol production, meaning ethanol production is currently dependent on the use of 

fossil fuels. In addition, it is highly unlikely that current ethanol production volumes 

could be maintained using non-fossil fuel based agricultural practices. If it is possible, it 

would be an arduous and lengthy process to convert to fossil-fuel-free agricultural 

practices for ethanol feedstocks. 

Indeed, the energy balance of ethanol is one of its drawbacks. A 2005 article in Natural 

Resources Research reported that more energy is consumed during ethanol production 

than is present in the ethanol after production. From an energy perspective, this means 

that ethanol actually increases reliance on fossil fuels, because less usable energy is 

present in the ethanol than was present in the fossil fuels used to produce the ethanol. The 

study compared energy outputs to energy inputs for a wide range of biofuels and found: 

―Ethanol production using corn grain required 29 percent more fossil energy than the 

ethanol fuel produced. Ethanol production using switchgrass required 50 percent more 

fossil fuel energy than the ethanol fuel produced. Ethanol production using wood biomass 

required 57 percent more fossil fuel energy than the ethanol fuel produced.‖
74

 

Recognizing the many different energy inputs into the ethanol production process can 

lend insight into how ethanol might have less energy in it than was used to produce it. For 

instance, corn-based ethanol requires the use of fertilizers and herbicides that are energy-

intensive to produce and transport. A significant amount of energy is required to pump 

and treat the water used to irrigate corn. Farm equipment and production equipment at 

ethanol plants consume fuel.  

One of the potential advantages of cellulosic ethanol is that the feedstocks grow naturally 

in large quantities in the United States. Using naturally growing feedstocks would 

eliminate energy used for fertilizers, herbicides, and water purification because, unlike 

corn, these plants already have adapted to the environmental conditions present on the 

land on which they grow.  

There are significant carbon dioxide emissions during the production of corn ethanol. The 

production and transport of the fertilizers and pesticides have significant emissions, as do 

the farm equipment, ethanol plants, and trucks that transport ethanol to fueling stations. 
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At the ethanol plant, there are CO2 emissions associated with running the plant 

equipment, as well as with the gaseous waste products from the fermentation of the 

feedstock, as shown in Figure 8.1, a diagram of the dry mill process. Substantial CO2 

emissions are also associated with clearing natural vegetation for farmland. Because 

vegetation naturally sequesters carbon and natural vegetation is able to grow more 

densely than crops, the reduction in vegetation density on land used for agriculture leads 

to even more GHG emissions caused by biofuels.  

As farmers work to get higher yields for corn ethanol production, they will be motivated 

to use more ―chemical inputs like nitrogen, phosphorous, insecticides and herbicides‖ 

which can seep into groundwater and run off into surface water.
75

 Fertilizers and 

herbicides, which are used in large quantities when growing corn, pollute the soil and 

groundwater.
76

 In particular, corn production requires substantial quantities of nitrogen, 

which gets depleted during corn production.
77

 Normally, farmers would rotate crops so 

that a year after corn is grown, soybeans—which replenish nitrogen in the soil—would be 

planted in the same field.
78

 However, with high corn prices due to corn ethanol, farmers 

are more likely to continue to plant corn in the same field year after year, and replenish 

nitrogen in the soil with fertilizer. These fertilizers can leach into the soil and can be 

carried into drinking water sources, potentially causing health problems.
79

 

The current energy infrastructure for liquid fuels that exists in the United States is not 

well adapted to the needs of a liquid-fuel economy based heavily in ethanol. Efficient 

distribution systems for ethanol do not exist in the United States. Corn ethanol is 

produced in the Midwest. If a substantial amount of ethanol is to be used throughout the 

United States, efficient methods of transportation of the ethanol to the South, and the east 

and west coasts are critical. There are few currently existing pipelines that connect the 

ethanol production regions in the Midwest to the potential consumption regions 

throughout the nation. Even if conventional pipelines for oil were available on the desired 

routes, ethanol‘s corrosive properties make it difficult, if not impossible, for it to be 

transported in these pipelines.  

Because ethanol currently cannot be shipped via pipeline, it is transported by truck, rail, 

or barge.
80

 These transportation methods are more expensive and energy-intensive than 

shipping by pipeline, making the cost of shipping cost of ethanol disproportionately high 

compared with gasoline. As a result, the majority of ethanol in the United States is 

consumed in the Midwest,
81

 where the high cost of transportation has little impact on the 

price the consumer pays.  

There are limited numbers of retail outlets for ethanol, only an estimated 2,300 E85 

stations nationwide,
82

 compared to the 159,006 retail gasoline outlets.
83

 Recently 

commercialized technologies such GPS devices and smart phones are helping individuals 

with E85-capable vehicles to locate fueling stations in their area. The Renewable Fuels 

Association (RFA) website has downloads for TomTom and Garmin GPS devices, 

allowing the devices to locate E85 stations across the nation or by state, depending on 

user preferences. Databases for E85 locations in 42 states and the District of Columbia 

are available. These databases are updated quarterly.
84

 Additionally, the E85 FuelFinder 
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smart phone app allows iPhone and iPad users to locate fueling stations in their area. The 

app, developed by Digital Laundry, costs $1.99 and is available on the App Store.
85

 

Because the United States lacks the infrastructure needed to transport ethanol efficiently 

throughout the nation, a significant amount of investment in this infrastructure is needed 

if ethanol is to provide a substantial percentage of the liquid fuel consumed in the United 

States in the future.  

Figure 8.6 depicts the costs and financial returns associated with corn ethanol production 

from November 2006 to October 2010 based on Iowa corn prices. This graph indicates 

the economic fragility of the ethanol industry. Profits are earned when the return over 

operating costs (bottom section of graph) rises above the black line representing the 

capital cost.
86

 From the chart, it is apparent that ethanol producers are frequently only 

barely able to cover operating and capital costs. 

 

Figure 8.6 

Corn Ethanol Operating Margins 

Source: Iowa State University Center for Agricultural and Rural Development, Historical Ethanol 

Operating Margins. Online. Available: http://www.card.iastate.edu/research/bio/tools/hist_eth_ 

gm.aspx. Accessed: October 11, 2010. 
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Occasionally, costs of producing ethanol cannot be recouped, as in June 2008. In the time 

period for which data are available, ethanol manufacturers never made more than $1 per 

gallon of profit, and frequently made less than 25 cents per gallon. Considering that 

ethanol subsidies are on the order of 45 cents per gallon, not to mention the existing tax 

incentives for ethanol and tariffs on competing products, this plot suggests corn ethanol 

may not be financially viable without significant federal subsidies. 

Ethanol feedstocks such as corn and sugarcane are land-intensive; 330 to 420 gallons of 

corn ethanol can be produced per acre of land, whereas 570 to700 gallons of ethanol from 

sugarcane can be produced per acre.
87

 Others estimate that one acre of corn can produce 

420 to 840 gallons of ethanol and that one acre of grass can produce 150 to 1,200 gallons 

of cellulosic ethanol.
88

 The large land use requirements for corn ethanol limit the amount 

of ethanol that can be produced in the United States. 

A number of physical and chemical constraints exist, which limits the amount of energy a 

specific piece of land can produce. For instance, corn captures the energy of only 0.25 

percent of the sunlight that reaches it.
89

 In contrast, photovoltaics are capable of capturing 

10 percent or more of available sunlight.
90

 Oxfam, an international organization working 

to end poverty, expressed concerns that transition to biofuels may increase land prices in 

poor countries, forcing farmers off their land.
91

 

The entire biofuel production cycle—―from growing irrigated crops on a farm to 

pumping biofuel into a car—can consume 20 or more times as much water for every mile 

traveled than the production of gasoline.‖
92

 A substantial volume of water is needed to 

grow corn. In some cases, the water must be treated before it can be used for crops. Water 

treatment is energy-intensive and may use chemicals that are bad for the environment. If 

there is a drought and water availability is called into question, it may significantly limit 

the amount of corn able to be produced. This would significantly increase the price of 

corn and limit the amount of ethanol that could be produced that year. Large volumes of 

water are also required during ethanol processing. Ethanol plants consume between 3.5 

and 6 gallons of water per gallon of ethanol produced.
93

 

The volume of water required to produce one liter of corn ethanol varies dramatically by 

state, as shown in Figure 8.7, due to the differences in irrigation practices.
94

 For instance, 

a liter of ethanol from California uses 2,138 liters of water, compared to Ohio, which 

requires only 5 liters of water per liter of ethanol.
95

 In addition, the total water 

consumption in billions of liters is provided for each state in parentheses next to the 

state‘s abbreviation. It is interesting to note that ethanol from Nebraska and Kansas is 

substantially more water-intensive than ethanol from the rest of the Midwest.  
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Figure 8.7 

Water Consumption of Ethanol by State 

Source: Yi-Wen Chiu, Brian Walseth, et al., ―Water Embodied in Bioethanol in the United States,‖ 

Environmental Science & Technology, vol. 43, no. 8 (March 10, 2009), pp. 2688-2692. Online. 

Available: http://pubs.acs.org/doi/pdfplus/10.1021/es8031067.  Accessed: November 22, 2010. 

 

Figure 8.8 

Comparative Water Use for Alternative Vehicles 
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Source: Michael Webber, ―Catch-22: Water vs. Energy,‖ Scientific American (September 2008). Online. 

Available: http://www.nature.com/scientificamerican/journal/v18/n4/full/scientificamericanearth0908-

34.html. Accessed: November 2, 2010. 

Notes: For ethanol made from irrigated corn. Hydrogen for fuel cells is made by electrolysis of water with 

electricity from standard grid. Water for hybrids cools local power plants and processes their energy 

source. Water is used to extract and refine oil for gasoline. 

 

Figure 8.8 compares the relative volumes of water consumed as alternatively fueled 

vehicles travel 100 miles. Corn ethanol-fueled vehicles consume by far the most water, 

between 130 and 6,200 gallons per 100 miles, compared to a gasoline vehicle, which 

would consume between 7 and 14 gallons per 100 miles. If the price of water increases or 

the availability of water decreases—due to drought, increased agricultural or industrial 

water use, or simply because of increasing populations—water-intensive ethanol will be 

less appealing compared to alternatives, including hydrogen fuel-cell vehicles, plug-in 

hybrid electric vehicles (PHEVs), and standard vehicles, which run on gasoline alone.  

The water requirements of ethanol production affect the viability of ethanol plants in 

particular regions. A plan for a new ethanol plant in Southern Minnesota which was to 

produce 100 million gallons of corn ethanol a year was cancelled in 2005 because the 

local utility was unable to provide the 350 million of gallons of water each year the plant 

would require.
96

 A Cargill ethanol plant in Nebraska was approved only after the water 

required for the plant was ―offset by reducing water use in an agricultural area about 15 

miles away.‖
97

 Citizens in Illinois ―opposed a local ethanol plant‘s petition to withdraw 

two million gallons a day from the local aquifer to produce 100 million gallons of ethanol 

a year‖ near Champaign and Urbana.
98

 

Another disadvantage of corn ethanol is that the feedstock, corn, can be used both for fuel 

and food for people and animals. Using corn as a feedstock for fuel puts fuel in 

competition with food, and could cause the ―distortion of agricultural commodity 

prices.‖
99

 Demand for corn for fuel could lead to increases in food prices and, in times of 

poor corn production, could lead to food shortages. Increases in corn prices raise the cost 

of corn-based food products, such as corn syrup, as well as the meat and eggs that come 

from poultry, because poultry feed is approximately 2/3 corn.
100

 Increases in food prices 

especially affect lower-income families who already have little discretionary income.  

Anti-ethanol lobbyists claim that the increase in feed prices caused by the ethanol‘s 

competition for corn has caused ―almost $30 billion in losses for the hog, beef and 

chicken sectors, and… eliminated 3,000 jobs in turkey production.‖
101

 Some claim that 

the rise in corn prices caused by the use of corn as an ethanol feedstock caused the prices 

of tortillas to double in Mexico in 2007.
102

  

Pro-ethanol groups, such as the RFA, argue that research in corn production for the 

ethanol industry is helping increase land productivity for other crops as well, actually 

helping meet food demand.
103

 They argue that increasing energy prices have caused the 



213 

observed increases in food prices.
104

 Bob Dinneen, president and CEO of the RFA argues 

that the ethanol industry, in fact, produces a significant amount of livestock feed from the 

byproducts of ethanol production.
105

 In his address at the National Ethanol Conference, 

he stated, ―…the American ethanol industry produced a record 32.5 million metric tons 

of high value feed last year, representing nearly $4 billion to the industry‘s balance sheet 

and the equivalent of the total amount of grain consumed by all the cattle fed on feedlots 

across the country. Where‘s the food vs. fuel argument there?‖
106

 

Based on the literature, it is difficult to determine to what extent ethanol production has 

influenced food prices. However, reliance on corn for both food and fuel may cause the 

United States to become too dependent on the success of corn. For instance, if a large-

scale problem were to occur which would reduce the amount of corn crop in a particular 

year, and the United States relies on corn for both food and fuel, a situation may arise 

where the nation is faced with simultaneous food and fuel shortages. 

Another disadvantage of ethanol is that the quantity produced in a year is dependent on a 

wide range of environmental factors that cannot be controlled, such as climatic conditions 

during the growing season, the prevalence of plant diseases, and populations of animals 

in the growing region that eat the feedstock. If the growing season is too hot or cold, too 

wet or dry, yields will be lower than expected. If widespread natural disasters occur, such 

as hurricanes or massive floods, national feedstock production could be significantly 

impacted. If diseases prevail that kill the plant feedstock or prevent it from maturing 

fully, such as Dutch Elm Disease, which destroyed over half of the elm trees in the 

northern United States in the mid-20
th

 century,
107

 the feedstock supply could be 

significantly reduced. If predatory populations increase substantially, or invasive species 

are introduced that affect the viability of feedstock, yields will decrease. In any of these 

cases, ethanol production in the following year would be limited, so the ethanol available 

would be more expensive. In the case of ethanol feedstocks that compete with food 

resources, any yield or production acreage reductions would exacerbate the food versus 

fuel problems discussed above.  

While ethanol production may be affected by environmental factors, any other liquid fuel 

source is also dependent on factors out of the control of producers or users. While 

petroleum production is not particularly dependent on environmental factors, it can be 

influenced by extreme weather events or political conditions in petroleum-exporting 

countries. For instance, the oil crisis of the 1970s, caused by actions from the 

Organization of the Petroleum Exporting Countries (OPEC), is an example of how 

petroleum supply can be significantly reduced in a short amount of time for political 

reasons. 

It is also interesting to note that ethanol‘s dependency on environmental conditions is 

shared, in part, by other promising renewable energy resources, such as wind and solar. 

For instance, the amount of energy that can be harvested from the wind is contingent on 

the wind speed and how frequently the wind blows during the year. Solar is similarly 

dependent on the intensity of the sun‘s rays and the number of hours in a year sun shines. 

However, neither wind nor solar is as dramatically affected by environmental factors as 
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ethanol because droughts and plant diseases occur on a much larger scale than a series of 

calm or cloudy days. Droughts can affect large regions of the country at one time. If there 

is a drought, a substantial percentage of the annual ethanol feedstock production in the 

United States could be affected. In contrast, it is exceedingly unlikely that a series of 

calm or cloudy days would occur and affect solar and wind energy production on a 

nationwide scale.  

The oil industry is a well-established competitor of the burgeoning ethanol industry. As 

discussed in the section on launch trajectories, oil companies have a vested interest in 

preventing ethanol from being used as a substitute for gasoline. Oil companies could 

incorporate ethanol into their product portfolios, much the same way lighting companies 

have incorporated Light Emitting Diodes (LEDs) into their portfolios, thereby mitigating 

competition between the fuels. However, it is hard to predict whether ―big oil‖ would 

prefer to fight or join ―big ethanol.‖ 

Some sources claim that, as ethanol concentrations increase, a point may be reached 

where a higher ethanol concentration will undermine automobile performance. This point 

is referred to as the blend wall. However, evidence of a true technological blend wall 

which would prevent a major shift towards ethanol was not found in the literature.  

Flex-fuel vehicles have a number of engine and fuel system modifications that allow 

them to run on blends of up to 85 percent ethanol.
108

 According to the US Department of 

Energy, flex-fuel vehicles ―experience no loss in performance when operating on 

E85.‖
109

 Instead, vehicles running on ethanol have the potential to have a higher 

performance than vehicles running on gasoline. As was noted earlier in the sections on 

the impetus for ethanol and the benefits of ethanol, higher octane ratings mean that fuel 

can be compressed to a higher pressure without spontaneously igniting and causing 

knocking. ―E85 ethanol has an octane rating of 100-105‖, compared to 85-95 for 

gasoline.
110

 This means that theoretically, engines that run on E85 could be designed to 

be higher-performance than engines that run on gasoline. However, ―manufacturers do 

not tune E85 ethanol capable engines for higher performance than their gas-only 

counterparts‖ in order to ensure that these flex-fueled vehicles also run efficiently on 

conventional gasoline.
111

 

However, the energy content in one gallon of ethanol is approximately 33 percent less 

than in one gallon of gasoline, depending on the level of denaturant,
112

 an additive which 

makes ethanol unsuitable for humans to drink or eat and is ―typically present in the 

ethanol at about 0.5 to 5 percent by volume.‖
113

 This means that when ethanol blends are 

used, the fuel economy of a vehicle decreases. For instance, a new V6 Chevrolet Impala 

running on pure gasoline gets ―21 miles per gallon in the city, 31 on the highway,‖ but if 

it is run on E85, the Impala gets only 16 miles per gallon in the city and only 23 miles per 

gallon on the highway.
114

 This lowered fuel economy with high ethanol blends may be 

the reason some claim that flex-fueled vehicles have lower performance than standard 

vehicles. 

Additionally, higher blends of ethanol are being approved for standard engines. As 

previously noted, in October 2010 the EPA approved the use of E15 in 2007 and newer 



215 

cars and lightweight trucks after it determined that the increase in the percentage ethanol 

in the fuel did not have a negative impact on engine durability and emissions.
115

 

Sugarcane Ethanol in Brazil 

Brazil’s Natural Assets 

Brazil is the most productive economy in South America with a square footage almost 

equal to that of the continental United States.
116

 Brazil has highly developed agricultural, 

mining, and service sectors.
117

 Much of Brazil‘s success lies in its geography. The 

abundance of natural resources, most markedly in sugarcane, petroleum, vast water 

availability, and the Amazon rainforest, make Brazil a leader in the developing world. 

―According to the most recent land use data for Brazil, 264 million hectares of Brazil‘s 

land mass in 2005 was agricultural…[and] the area covered by sugarcane represented 

[approximately] 2.5 percent of the total. Sugarcane land cover is relatively small and 

mostly confined to the southeast (64 percent), and along the coastline in the northeast (19 

percent) in the states of Rio de Janeiro, São Paolo, and Espirito Santo.‖
118

 Brazil‘s large 

square mileage and abundant productivity allow it to realize economies of scale in the 

ethanol production industry that smaller countries, or even countries of similar square 

mileage, may fail to achieve.  

Ideal Biofuel 

It is first important to identify and define exactly what makes an ideal biofuel. The threat 

of global climate change, compounded with the potential of peak oil, higher prices of 

fossil fuels, and political and social unrest in fuel exporting countries, makes for a 

multifarious, dynamic, and challenging situation. In this complex system, what type of 

fuel is desirable and what characteristics must it have to be considered viable? Taking 

into consideration the aforementioned threats, humankind as a whole wants to prevent 

climate change and guard against a limited supply of fuels, high costs, and sociopolitical 

unrest interrupting said fuel supply. These characteristics translate into a fuel that is low- 

or zero-carbon, renewable, inexpensive, energy-balanced or energy-positive, and 

produced either domestically or by a country with a stable economy and government. 

Brazilian sugarcane-based ethanol meets all these criteria and also surpasses both US-

produced corn ethanol and foreign oil in certain aspects. Sugar cane ethanol is a low- or 

zero- carbon biofuel, reaching the EPA‘s criterion for the advanced biofuel category. 

Compared to gasoline, sugarcane ethanol cuts greenhouse gases by more than 60 percent 

and produces more energy savings than any other liquid biofuel produced today in large 

quantities.
1
  

Sugarcane ethanol, unlike oil, is produced from sugarcane plants that grow back year 

after year.
119

 Sugarcane is also sustainable. Sugarcane needs to be replanted only every 

five to seven years. As a semi-perennial crop, it can be harvested without uprooting the 

plant, so its cultivation has less impact on the soil and surrounding environment.
120

 ―Cane 

ethanol also exhibits a positive net energy ratio. A lifecycle assessment of energy content 

to fossil fuel inputs yields an energy balance in excess of 9:1 with the potential of 

exceeding 11:1 by 2020.‖
121

 Brazilian ethanol interests and other critics of the US ethanol 
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import tariff cite the cost efficiency of sugarcane ethanol over corn ethanol in the US 

unwillingness to bring down the ethanol import tariff.
122

 Sugarcane ethanol‘s energy 

balance is a force to be reckoned with in the biofuels category, one characteristic that 

allowed it to be named to the advanced biofuels list of the US EPA. Sugarcane is highly 

efficient in converting sunlight, water and CO2 into stored energy; sugarcane produces 

seven times more energy compared to corn when used in ethanol production.
123

 

Sugarcane is also grown and processed by Brazil, an economically and politically stable 

country. As will be discussed later in the chapter, Brazil has a growing influence on the 

global energy market. The Brazilian economy is the
 
ninth largest in the world to date. 

With over 45 percent of its energy coming from renewable sources, it is one of the most 

energy efficient economies in the world.
124

 In conclusion, sugarcane ethanol meets the 

criteria for an ideal biofuel. 

History of Sugarcane Ethanol Policy in Brazil 

For over 70 years, the Brazilian government has provided incentives for sugar cane-based 

ethanol production. In the early 1930s, a governmental mandate required ethanol to 

constitute at least five percent of Brazil‘s gasoline (petrol) supply.
125

 World War II 

disrupted the oil supply to Brazil, furthering the nation‘s desire to achieve energy 

independence: during the 1940s, ethanol production increased to fill the void created by 

the lack of oil. A 1943 governmental mandate spurred this trend, requiring 50 percent 

ethanol in the nation‘s petrol composition. Production then slowed at the resolution of the 

war, at which time a wealth of inexpensive oil was available. However, as the world‘s 

largest producer of sugar, Brazil maintained its ethanol production lines to use surplus 

sugar. During the 1973 Oil Embargo, the military government decided that the 

international oil market was far too variable and the uncertainty was damaging the 

Brazilian economy. 
126

 Brazil was importing 80 percent of its oil, which made up 

approximately 40 percent of its foreign exchange.
127

 As a result, in 1975, Brazil 

implemented the Pro-Alcool (National Alcohol Program) to promote ethanol production 

and use as a fuel additive or substitute.
128

 Pro-Alcool required Petrobras, Brazil‘s national 

oil company, to purchase a required amount of ethanol. The legislation provided the 

equivalent of US $4.7 billion of low-interest loans to stimulate ethanol production. It 

established a maximum price for ethanol at the pump 41 percent lower than the price of 

gasoline. It also required that all automobile fuels be blended with a minimum of 22 

percent ethanol (E22).
129

  

Over the next few years, farmers expanded their production of sugarcane crops, and the 

country modernized distilleries and production plants. By 1980, Brazil had expanded its 

mandated percentage of ethanol in gasoline to increase to 25 percent. The volatility in oil 

prices triggered again by the Iranian Revolution of 1979 further encouraged the Brazilian 

government to rely on ethanol; the Brazilians developed a 95/5 blend of ethanol with 

water. As a result of the new technology, the government required all fuel stations to 

pump hydrous ethanol. By ―1985 and 1986, more than 75 percent of all motor vehicles 

produced in Brazil--and more than 90 percent of cars—were designed for alcohol 

consumption.‖
130

 By the mid-1980s, approximately 75 percent of cars in Brazil could run 
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on hydrous ethanol, which virtually eliminated the need for any percentage of petrol (see 

Figure 8.9). 

 

Figure 8.9 

Production of Alcohol/Gasoline-Powered Vehicles in Brazil, 1980-2005 
(in millions) 

Source: Brazilian Association of Car Manufacturers (Anfavea), Production of Vehicles in Brazil. Online. 

Available: http://news.bbc.co.uk/2/hi/business/4581955.stm. Accessed: March 1, 2011. 

 

The focus on ethanol changed in 1985, as the newly restored civilian government was 

less concerned about promoting the fuel for national security reasons. Sugar prices rose, 

making the ethanol subsidy costly for the state while oil prices fell from their 1970s 

highs. Petrobras discovered new offshore oilfields, making Brazil more self-sufficient in 

oil, further reducing the price of oil.
131

 Between 1985 and 1990, the Brazilian government 

sought to decentralize economic control, dismantle Pro-Alcool, and cut many of the 

ethanol subsidies.
132

  

The ethanol industry collapsed as a result of the subsidy cuts. Sugar processing plants 

turned from ethanol to edible sugar, creating a shortage of supplies at service stations. 

The auto industry, which had dedicated itself to ethanol-only cars, stopped producing 

them almost entirely.
133

 Higher sugar prices made Brazil‘s sugar supply much more 

economical if sold as cane on the international market. In 1990, Brazil‘s first 

democratically elected president shut down the Sugar and Ethanol Agency (IAA).
134

 With 

oil prices at a stable low price, the fuel economy was placed on the back burner. Brazilian 

enthusiasm for ethanol reached its lowest ebb in 1997, just as the world was marking five 

years since Rio de Janeiro hosted the United Nations Earth Summit. That year, just 1,075 

motor vehicles built to run on alcohol rolled off the country's production lines, a mere 

0.06 percent of the total output.
135

 Since 1997, Brazil‘s ethanol industry has recovered 

and even boomed within the fuel market. The start of the new millennium brought with it 
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increased oil prices, which in turn sparked a resurgence of Brazil's drive toward energy 

independence, including a revival of its ethanol program.
136

  

In 2003, Brazil began to revitalize its ethanol industry with the introduction of flex-fuel 

vehicles. As illustrated by Figure 8.10, flex-fuel vehicles flooded the Brazilian market, 

leading to higher ethanol production. The Brazilian government assisted in flex-fuel 

vehicles success by setting the tax for ―cars capable of burning ethanol…at 14 percent [as 

opposed to] 16 percent for their exclusively petrol-powered counterparts.‖
137

 In 2004, the 

first year flex-fuel cars hit the Brazilian market, consumers rushed to buy them, pushing 

the models to nearly 20 percent of the market.
138

 One year later, in 2005, flex-fuel cars 

surpassed gasoline-only models for the first time since the 1980s, accounting for 53.6 

percent of the market for new cars.
139

 

 

Figure 8.10 

Ethanol Car Manufacturing in Brazil, 2002-2007 
(percent) 

 

Source: USDA/FAS/ATO Sao Paolo, Ethanol Production .Online. Available: 

http://www.extension.iastate.edu/agdm/articles/hof/HofFeb09.html. Accessed: March 1, 2011. 

 

The flex-fuel car niche sparked demand within the Brazilian market for hydrous and 

anhydrous ethanol (see Figure 8.11).  The flex-fuel market prompted the Brazilian 

government to encourage an increase in ethanol production throughout the country. By 

2006, ―the government predict[ed] that for the first time in its history, Brazil will achieve 

energy equilibrium, exporting as much oil as it imports‖ and that sugar cane-based 
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ethanol would reach a new all-time high.
140

 ―The Brazilian industry expects to be able to 

boost its yields by nearly 30 percent over the next decade,‖ staying in line with its goal of 

net energy independence.
141

 Brazil has reached its goal of becoming net energy 

independent.
142

 

 

Figure 8.11 

Brazilian Hydrous and Anhydrous Ethanol Production 
(millions of gallons) 

 

Source: USDA/FAS/ATO Sao Paolo, Ethanol Production .Online. Available: 

http://www.extension.iastate.edu/agdm/articles/hof/HofFeb09.html. Accessed: March 1, 2011. 

 

Brazilian ethanol has been scarce in the US market for decades due to heavy tariffs that 

exist to protect US-produced and -subsidized ethanol and fuel prices.  

Tension has arisen between officials in Brazil and the United States, with the RFA (a US 

organization) and the Brazilian Sugarcane Industry Association (UNICA) (based in 

Brazil) at the heart of the subsidy/price/tax debate. Each party has sought to portray their 

country‘s product as being less costly. In mid-April 2010, the RFA accused UNICA of 

falsifying numbers to make sugarcane ethanol appear more economical; UNICA 

retaliated by suggesting that US corn ethanol producers‘ government subsidies distort the 

market, and that in turn an open market without trade protection would prove Brazil‘s 

sugar cane fuel cheaper. 
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Current US Legislation: Policy Implications for Sugarcane Ethanol 

In February 2010, the US EPA announced its decision to classify different levels and 

qualities of biofuels. The goal of the new classification system is to identify and pursue 

biofuels that are more efficient and cleaner burning than gasoline.
143

 As previously 

mentioned, sugarcane ethanol found itself in the advanced biofuels category; this 

classification ―certifies that an approved biofuel lowers greenhouse gas emissions by 

more than 50 percent compared to gasoline.‖
144

 EPA research calculated that ―sugarcane 

ethanol from Brazil reduces CO2 emissions by 61 percent compared to gasoline.‖
145

 As 

previously mentioned, ―ethanol produced from corn starch …will meet the 20 percent 

GHG emission reduction threshold‖ from gasoline, not nearly as efficient as sugarcane-

based ethanol.
146

  

The EPA‘s announcement of the classification system, and sugarcane ethanol‘s good 

standing within the ranks of viable biofuels, promise to have significant policy 

implications across the United States and Brazil. Sugarcane ethanol‘s classification itself 

signals a move towards political change. When compounded with the Energy 

Independence and Security Act of 2007 (EISA), which ―establishes a minimum biofuel 

consumption in the [United States] of more than…136 billion gallons by 2022, of which 

78 billion gallons would have to come from one of EPA‘s three types of advanced 

biofuels including cellulosic, biomass diesel and other advanced types which include 

sugarcane-based ethanol,‖ the two create a potent mixture of environmental and 

legislative pull that may swing the scale heavily in sugarcane ethanol‘s favor.
147

 The 

combination certainly raises Brazilian hopes: according to Jorge Maria Borges, a director 

at a sugar and ethanol industry consultancy called Job Economia e Planejamento, ―the 

United States will need Brazilian ethanol to meet its biofuel targets. This classification 

confirms the quality of our ethanol and will inevitably open a huge market for it.‖
148

 

Contrarily, American corn producers have taken a defense stance against the legislation 

and the classification, as the future of their industry remains threatened by the foreign 

product.  

HR 4940, or the Renewable Fuels Reinvestment Act, sought to amend the Internal 

Revenue Code to extend through 2015 the income and excise tax credits for alcohol used 

as fuel, the cellulosic biofuel producer tax credit, and the reduced credit for ethanol 

blenders. HR 4940 also sought to amend the Harmonized Tariff Schedule of the United 

States to extend until 2016 the additional tariff on ethyl alcohol blends (ethanol) used as 

fuel. 

Both the 45-cent-per-gallon VEETC for domestically produced biofuels and the 54-cent 

secondary tariff on imported ethanol were set to expire at the end of 2010.
149

 The 

potential that the two key governmental subsidies for domestically produced ethanol may 

not have been renewed caused quite a stir in the international ethanol community, as it 

reflected a potential change in US stance on ethanol and renewable energy policy. 

Previous Republican presidential candidate John McCain publicly supported the proposal 

to drop the tariff.
150

 As of November 2010, sources on the Hill reported that HR-4940 

faced an uphill battle through Congress.
151

 Although there existed a significant resistance 
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to extending the tariffs and tax credits, the US Congress decided to extend the subsidies 

and barriers for one year. The ethanol tax credit and tariff came as part of the $858 billion 

federal tax relief and stimulus bill, which was signed into law in December 2010.
152

  

Although the tax credit and tariff extension have been lauded by Midwestern farmers and 

ethanol supporters alike as a chance for the corn ethanol industry to boom,
153

 the 

Brazilians have threatened to appeal to the World Trade Organization (WTO) over the 

potentially unlawful tariff. Even though the tariff is not new, the Brazilian ethanol 

industry argues that it amounts to double taxation. By their reasoning, that makes it a 

punitive tariff instead of simply an offset tariff, which would make it illegal under WTO 

rules.
154

 

In April 2010, Brazil removed its 20 percent ethanol import tariff until December 31, 

2011 and potentially forever.
155

 Perhaps the Brazilians hope to pressure the United States 

into dropping its tariff; perhaps the tariff removal is a political move to make a more 

viable argument against the US tariff to the WTO. The Brazilians have received political 

support from within the United States, most notably from former GOP presidential 

candidate John McCain, who said, ―The extension of US ethanol subsidies and a tariff on 

imports is likely illegal under international trade rules.‖
156

 Brazil recently brought two 

successful cases before the WTO against US cotton and EU sugar subsidies.
157

 

Comparison of National Frameworks: United States and Brazil 

The United States currently employs a variety of policies to encourage ethanol production 

and use within its borders. The ethanol industry enjoys a diverse mix of federal mandates, 

incentives, tax credits, and tariffs. These policies are compounded by state incentives as 

well. Over the last two decades, emerging US policies have taken shape in subsidy, 

mandate, or law form. State and federal subsidies play a significant role in the economic 

feasibility of the corn ethanol industry. Some American organizations in the corn ethanol 

industry, echoing Brazilian concern, want to step away from the federal protectionism 

and stand alone: Growth Energy ―propos[es] a redirection and eventual phasing out of 

government support for ethanol in return for increasing infrastructure investment.‖
158

 The 

thought is to ―level the playing field with fossil fuels [to] give consumers true freedom to 

choose their fuel.‖
159

 The majority of the industry, however, argues that ethanol needs 

federal and state money now more than ever. After a joint press release from the RFA, 

the National Corn Growers Association (NCGA), and the American Coalition for Ethanol 

(ACE) among others standing behind the tax credit legislation, it seems that stepping 

away from federal money is the last thing the ethanol industry will do.
160

Brazil‘s 

previously mentioned Pro-Alcool program was established in 1975 by presidential decree 

under the military government and operated on the command of mandates.
161

 Currently, 

the Brazilian government ―provides support to ethanol production through both market 

regulation and tax incentives.‖
162

 Brazil‘s market regulation includes an imposition of a 

20-25 percent blend ratio, resulting in a gasohol.
163

  

Brazil‘s ethanol infrastructure holds a significant advantage over that of the United 

States: a large number of Brazilian plants are dual-processing and can switch easily 
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between the production of sugar and ethanol based on relative prices. Thus, sugar and 

ethanol prices tend to move closely together, whereas in the United States, movement in 

ethanol prices is affected primarily by gasoline and government regulations.
164

 This 

characteristic has far-reaching policy implications because not as much government 

intervention is needed to stabilize and secure pricing for sugarcane ethanol. This aspect of 

the Brazilian ethanol industry highlights the efficiency that the United States has yet to 

imitate.  

The Brazilian blend ratio requirement can be seen as a parallel to the US Energy Policy 

Act of 2005, which also ensures gasoline contains a minimum volume of ethanol. This 

measure is effective because it essentially presupposes the amount of ethanol being 

blended nationally per year, thus reducing risk. As of March 2010, Brazil took down its 

ethanol import tariff; now only the United States imposes import taxes upon foreign 

ethanol supply. However, the United States needs foreign ethanol to reach the biofuel 

requirements laid out by the Energy Independence and Security Act of 2007. Tension has 

arisen in recent months over the US tariffs, as the subsidies receive criticism from both 

within US borders and abroad. 

Analysis of Success and Failure 

The Brazilian ethanol industry experienced an incredibly prosperous swing starting in 

1975, which marked the beginning of the government-implemented Pro-Alcool program. 

Pro-Alcool established the basis for the successful ethanol program visible today through 

top-down governmental mandates and incentives. The genius of the dual-processing 

sugarcane production facilities date back to Pro-Alcool; a decision made three and a half 

decades ago continues to provide Brazil with a competitive advantage over any ethanol 

producing nation to this day. Through this lens, Pro-Alcool was clearly a very successful 

program.  

The subsidy cuts of the ethanol industry leading up to and culminating in the last price 

controls being cut in 1999 represent both a policy success and failure in itself. On one 

hand, the new government made the cuts to dismantle Pro-Alcool: in this sense, the 

policy to cut funding was very successful as it almost destroyed the entire industry. On 

the other hand, if these policies are viewed in retrospect in regard to the overall well-

being of the ethanol industry, they certainly set the industry back millions of dollars and 

many years.  

The revival of the flex-fuel industry in 2003 is an internationally-renowned success. The 

success was no accident; it involved direct collaboration between the Brazilian 

government and the flex-fuel vehicle industry, as the outcome of a burgeoning flex-fuel 

industry was mutually beneficial.  

In 2002, the sugarcane industry was going through a crisis. Production of ethanol-

powered cars in Brazil was practically at a standstill, and the government 

pressured for a solution. Stagnation in the sugar and ethanol industry was making 

it of no economic interest to sugarcane-producing states, and was also placing 
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countless jobs on the line. This led to heavy pressure on local governments, 

particularly in the state of São Paulo.
165

 

Automotive companies also wanted progress. The Brazilian government, seeing an 

opportunity, cut taxes heavily on ethanol and flex-fuel vehicles. It sliced São Paulo state 

tax on ethanol in half.
166

 Magneti Marelli Sistemas Automotivos (MM), ―a supplier of 

electronic injection subsystems to local automakers,‖ played a prominent coordinating 

role in the revival of the flex-fuel vehicle industry.
167

 All parties were able to capitalize 

upon the existence of the fuel-flexible pumping stations already installed around the 

country‖ as well as the dual-processing sugarcane facilities. The flex-fuel industry 

recognized that relations with the government and politically-oriented strategies were 

necessary ―not only to achieve regional technological dominance but also to ensure its 

survival.‖
168

 In 2009, ―with 90 percent of new cars sold as flex-fuel, ethanol consumption 

surpasses that of gasoline in Brazil.‖
169

 

The most recent development in progressive policy (whose success or failure still remains 

to be seen) is the Brazilian‘s decision in early 2010 to eliminate the imported ethanol 

tariff. Brazil hopes to ―lead by example and eliminate barriers to renewable, clean 

fuels.‖
170

 UNICA saw the move ―as a major step forward in building a global biofuels 

marketplace,‖ hoping that this strategy will ―encourage other countries around the world 

to develop open, free markets for clean, efficient renewable fuels such as ethanol.‖
171

 

Brazil’s Position: Emerging Economy, Energy Giant 

While Brazil was gaining recognition for their burgeoning ethanol industry after the turn 

of the century, another force entered not so silently onto the global energy scene. In 2006, 

Brazil shocked the international energy community by announcing the world‘s largest oil 

find in over three decades, the ―Pre-Salt‖ fields.
172

 The fields contain an ―estimated 

recoverable volume of 6.5 billion barrels of oil.‖
173

 To start developing the ―Pre-Salt‖ 

fields, which ―lie below a substratum of salt some 250 kilometers offshore‖ and 25,000 

feet below the ocean surface, Brazil‘s national oil company Petrobras has ―pioneered 

deep-water drilling technology.‖
174

 Brazil is ―already the number one deep-water drilling 

company in the world, producing one-quarter of the world's total deep-water oil.‖
175

 

Before the find, Brazil was a net importer of oil; within two years, the country has 

become self-sufficient.
176

  

Brazil‘s increasing power in the global energy scene will affect both regional and global 

geopolitics.
177

 Mexico‘s oil fields are diminishing, which means that it may need to look 

for external supplies. Tensions in the Middle East, and growing rivalry between the 

United States and Venezuela, will make Brazil an attractive supplier. Brazil is already 

testing its appeal as an energy power through the actions of its powerful state energy 

company, Petrobras, which is now as active in Africa as it is in Argentina.
178

 

The oil find has caused a shift within Brazil itself, as President Lula de Silva‘s term 

ended with amendments to the country‘s oil industry laws and royalty system. The 

Brazilian Congress‘s amendments ―may lead to accelerated development of its vast 

offshore oil fields,‖ as the modifications allow Petrobras ―at least 30 percent [ownership] 
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stake in any new joint exploration ventures in the offshore fields and [to] serve as the sole 

operator.‖
179

 The Brazilian Congress also passed a new oil royalty distribution system 

under which 52.5 percent of royalties will be distributed among all of Brazil‘s 27 states 

and nearly 6,000 cities and towns. The federal government will get 40 percent and the 

other 7.5 percent will go to producing states and cities that currently receive 30 

percent.
180

 

Oil-producing states like Rio de Janeiro, Sao Paulo and Espirito Santo are worried that 

the country‘s new royalty distribution will translate into less money coming back to their 

states.
181

 Ethanol currently generates 15 percent of Brazil‘s energy needs;
182

 will Brazil‘s 

new fields cause a shift in the country‘s fuel mix? Is the Brazilian intent in offshore 

drilling merely fueled by the market? In any case, Brazil's acceptance of a petroleum-

based energy future whether for use or profit, ―reverses its long-standing policy of 

reliance on biofuels.‖
183

 

Lessons Learned 

US ethanol policy has historically been very effective at promoting rapid growth in the 

industry. Current incentives are continuing the rapid growth of the US ethanol industry. 

However, the ethanol industry is dependent on the incentive structure at the federal and 

state levels, which have the potential to change unpredictably. Because the incentive 

structure for ethanol is subject to annual reconsideration, the industry faces uncertainty 

looking forward.  

Ethanol presents a unique case where the policies to incentivize the technology have 

worked, but the end result has not helped the United States reach environmental goals. 

While there are many examples showing how ethanol incentives have worked to grow the 

industry substantially in recent years, there are significant environmental problems 

associated with this technology that have yet to be resolved. These environmental 

problems include: significant energy consumption, soil and groundwater pollution, 

carbon emissions, land use, and water use during ethanol production. 

Availability of E85 varies significantly by state. It appears E85 is a viable fuel option in 

states such as Minnesota, where in November 2010, there were 343 E85 stations.
184

 In 

contrast, it is likely significantly more difficult for vehicles in states with few ethanol 

distribution stations to rely solely on E85. For example, in the entire state of Texas there 

were only 35 E85 stations in November 2010.
185

 However, some states, such as 

California, Colorado, South Carolina, and New York have substantial numbers of E85 

stations although they have little corn production.  

Infrastructure issues concerning the transportation of ethanol from the Midwest to other 

markets will need to be resolved if ethanol is to take over a greater percentage of the 

transportation fuel market in the United States. Infrastructure issues also face Brazilian 

ethanol, which would need to be transported from ports to the interior of the United 

States if the incentive structure for US ethanol changes and Brazilian ethanol becomes 

economically viable in the United States. Since the necessary infrastructure (fueling 
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stations, effective, efficient transportation) is not intact already in the United States, 

sugarcane ethanol will find a difficult market even without the prohibitive tariff. 

As US corn ethanol policy continues to increase available funding for corn as fuel, a 

greater percentage of corn produced is used for fuel instead of food. This additional 

demand for corn is likely to increase its price, benefiting farmers but lowering profit 

margins for ethanol producers and increasing the price of food and feed.  

Apart from corn, the United States has the potential to grow other ethanol feedstocks. A 

small amount of sugarcane could be grown in states with tropical climates, such as FL 

and HI. The United States has a large potential source of feedstocks for cellulosic 

ethanol, particularly on the West Coast, in the Eastern half of the United States, and in 

the Midwest.  

Ethanol‘s use as an octane-enhancer and a replacement for environmentally detrimental 

MBTE has ensured it a small, long-term role in the US fuel mix.  

The US tariffs on Brazilian ethanol contribute to environmental degradation by 

weakening the free market forces; protectionism is not only cost-inefficient, but also 

environmentally harmful.  

As of today, the Brazilian ethanol market is much more adaptable to market fluxes, as 

their production lines are dually equipped to switch from ethanol production to pure 

sugar cane production based on market price. This early infrastructure decision allowed 

Brazil to be able to readily adjust to the market over a long period of time. Because Brazil 

has had a tumultuous history of ethanol, and the ups and downs of the industry have 

largely been as a result of external market flux factors, the Brazilian ethanol industry is 

much more accustomed to an ebbing and flowing market. Corn ethanol producers face an 

unsure future if the subsidies/tax credits/protectionism funding is cut.  

With huge oil reserves, Brazil need not rely upon ethanol exports to the United States for 

its fuel income. With pressure from international negotiations for developing countries 

with emerging economies to cut their carbon emissions and respond to increases in 

demand from their populations; Brazil, with inexpensive ethanol, has a potentially huge 

market opening with these emerging economies.  

Based upon the data gathered, ethanol is not going to be a large or emerging market in the 

United States. Currently, corn ethanol fills a niche market in the US fuel economy; 

sugarcane ethanol is well-suited to Brazil but has major barriers to entry in the United 

States; therefore, it would be foolish to assume that the smoothly-running Brazilian 

sugarcane system can be replicated on the same scale in the United States.  
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Chapter 9.  Natural Gas from Shale 

Executive Summary 

Over the past decade, firms that produce natural gas have developed and implemented 

methods to explore and extract natural gas from within shale rock. The technological 

advancements in natural gas extraction from shale have transformed a formerly 

unconventional and uneconomical energy resource into a major contributor to the 

national energy supply. Shale gas, as a domestic abundant and cleaner fossil fuel, has the 

potential to be become a dominant fossil fuel as the United States transitions to cleaner 

and more reliable energy mix. This chapter provides an historical overview of natural 

gas, the technology behind shale gas drilling, and the policies that have shaped the 

growth of this energy source. This chapter outlines the trajectory and technology of shale 

gas and discusses its prospective incorporation into the energy supply as a potentially 

sustainable, practical, and environmentally friendly energy fuel. 

Shale gas supplies are affected by potential negative and positive environmental impacts, 

the regulatory framework addressing shale gas extraction, and policy incentives, as well 

as economic practicality of both shale gas production and consumption by industry power 

plants.  

This case study shows that natural gas from shale is an economically practical, abundant 

resource that produces low carbon and pollution emissions compared to other fossil fuels. 

Shale gas extraction is a mature industry, and the two techniques involved, horizontal 

drilling and hydraulic fracturing, are proven methods that require little federal research 

other than enhancements to drilling and geology optimization. There are realistic methods 

to address the environmental impacts of natural gas from shale. With over 616 trillion 

cubic feet of known reserves, shale gas is a stable source of fuel that could potentially, by 

itself, heat every home in America for 30 years. Natural gas market prices between $4.20 

and $11.50 per thousand cubic feet provide a sustainable profit incentive for producers to 

conduct exploration and drilling. The current market price of $4.20 per thousand cubic 

feet of natural gas represents the lowest cost of all fossil fuels with the exception of coal 

at $2.50. In addition, it is cheaper to build gas-fired power plants than coal fired plants. 

Natural gas from shale is a clean-burning fuel, compared to other fossil fuels, that 

releases only half the carbon dioxide of coal and among the lowest of levels of other air 

pollutants. The reduction in greenhouse gas emissions makes natural gas central to 

energy planning since the approximately 83 percent of greenhouse gas emissions are a 

direct result of fossil fuel combustion. As the cleanest burning of the fossil fuels, shifting 

towards greater reliance on natural gas promotes environmental benefits. Shale gas 

extraction does cause environmental externalities. The energy required to fracture shale 

formations is not enough to cause any seismic damage. The current slick water hydraulic 

fracturing fluid is of little environmental concern when compared to earlier fluids 

containing hazardous proppants. The risks of contamination to ground water from used 
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fracturing fluid have been mitigated with treating the fracturing fluid to reduce salts and 

extract metals as well as remaining proppant polymers. The resulting water can be used 

again for fracturing, irrigation, or inserted into deep reservoirs below the water table. 

Additional methods are being developed to further reduce water usage and prevent 

ground water contamination. 

Natural gas price fluctuation and impending laws and regulations remain key 

uncertainties associated with shale gas extraction. Damage to pipelines or offshore gas 

drilling platforms can cause large fluctuations in natural gas prices. Sharp increases in 

natural gas prices can negatively affect industry power producers and temporally disrupt 

the economical viability of natural gas. Price hedging is one method to escape this 

potential pitfall. Since Hurricane Katrina gas prices have remained stable and restored 

confidence in the natural gas market. The possibilities of laws or regulations that 

negatively affect shale gas extraction could also affect the profitability of natural gas 

extraction of shale. 

An Overview of Natural Gas From Shale  

Natural gas is the third largest fossil fuel in the United States, contributing about 22 

percent of total supply.
1
 In the 1970s and 1980s, the majority of electric utility generators 

preferred coal or nuclear power. Due to economic, environmental, technological and 

regulatory changes, natural gas has become the fuel of choice for many new power 

plants.
2,3

 In 2007, natural gas made up 39.1 percent of electric industry productive 

capacity and was a major source of fuel for pulp and paper, metals, chemicals, petroleum 

refining, and food processing.
4
 Gas-fired power plants have accounted for more than 90 

percent of new generation capacity in the United States since the early 1990s.
5
 

Generation techniques for natural gas include electric steam plants, combined cycle gas 

turbines, combustion gas turbine generators and reciprocating engine generators.
6
 Natural 

gas is appealing in the United States due to its relatively low environmental impact (40 

percent less CO2 emissions than coal), its high energy content (1000 BTU per cubic foot), 

and a well-developed infrastructure. (See Figure 9.1.) 

An advantage of natural gas and is that it an efficient and clean burning fuel compared to 

other fossil fuels. Emitting 44 percent less carbon dioxide than coal and having among 

the lowest levels of other air pollutants, natural gas is an attractive fuel option as state and 

federal regulations demand more environmentally friendly fuels. The combustion 

byproducts of natural gas are mostly carbon dioxide and water vapor, while coal and oil 

produce much more complex organic molecules with greater nitrogen and sulfur content.
7
 

The reduction in greenhouse gas emissions make natural gas central to energy planning 

since the approximately 83 percent of greenhouse gas emissions are a direct result of 

fossil fuel combustion. Because natural gas is the cleanest burning of the fossil fuels, an 

environmental benefit could be realized by shifting towards greater reliance on natural 

gas until sources of other green, alternative energies become more efficient and 

economical.
8
 (See Figure 9.2.) 
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Figure 9.1 

United States Energy Consumption By Fuel (2007) 

Source: United States Department of Energy, Modern Shale Gas Development in the United States: A 

Primer (Washington, D.C., 2009), p. 3. 

 

Figure 9.2 

Combustion Emissions (pounds/billion BTU of energy input) 

Source: United States Department of Energy, Modern Shale Gas Development in the United States: A 

Primer (Washington, D.C., 2009), p. 5. 
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The United States has large natural gas resources, on the order of 1,744 trillion cubic feet 

(tcf) of recoverable gas.
9
 At the current production rate, there is sufficient natural gas to 

supply the United States for at least 90 years.
10

 Of onshore recoverable resources, 60 

percent is gas from unconventional reservoirs with low permeability formations that do 

not have interconnected gas pockets. Examples of unconventional reservoirs include 

shale gas, tight sand gas, and coal bed natural gas.
11

 Shale gas alone constitutes one third 

of all natural gas resources, roughly 616 tfc.
12

 As of 2009, unconventional production 

accounted for 46 percent of total US natural gas production.
13

  

Shale gas is rapidly becoming a significant contributor to the total US gas supply, 

jumping from 1 to 20 percent between 2000 and 2010.
14

 Production from the Barnett 

Shale in Fort Worth, Texas, increased 3000 percent from 1998-2007.
15

 In Pennsylvania, 

two shale wells were drilled in 2005, 210 in 2008, and 768 in 2009.
16

 Since 1998, shale 

gas production has increased from below 1000 MMcf/day to almost 5000 MMcf/day (see 

Figure 9.3).
17

 Though 84 percent of natural gas consumed in the United States is 

produced in the United States, domestic demand for natural gas still exceeds domestic 

production significantly.
18

 Shale gas is seen by many as a means to help close that gap.
19

 

 

Figure 9.3 

Trends in Shale Gas Production (MMcf/Day) 

Source: United States Department of Energy, Modern Shale Gas Development in the United States: A 

Primer (Washington, D.C., 2009), p. 10. 
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Natural gas is primarily methane mixed with lesser percentages of butane, ethane, 

propane, carbon dioxide, and other gases.
20

 Shale gas is usually a dry gas consisting of 90 

percent methane, and is both produced by and stored in organic-rich shale formations.
21

 

Shale formations are made up of thinly layered rock with limited permeability.
22

 During 

the formation of the rock, organic debris settled between the layers, eventually producing 

gas.
23

 However, due to the limited permeability of the shale formations, much of this gas 

is trapped within the micro pores of the shale or absorbed onto minerals and organic 

materials within the shale.
24

 Two key technological developments have made it 

economical to extract shale gas: horizontal drilling and hydraulic fracturing (see Figure 

9.4). 

 

Figure 9.4 

Diagram of Horizontal Drilling and Fracturing 

Source: United States Department of Energy, Modern Shale Gas Development in the United States: A 

Primer (Washington, D.C., 2009), p. 46. 

 

Conventional natural gas is extracted by vertically drilling into a natural gas reservoir. 

The interconnections and high permeability of the conventional reservoir enables a 

constant flow of escaping gas throughout the formation. Shale gas, in contrast, is not 

accessible by simply drilling into the shale because of the rock‘s impermeability.
25

 An 

additional process must be applied in order to create or stimulate a degree of permeability 

within the formation to allow the gas to be captured. Hydraulic fracturing is the process 

by which the shale is artificially stimulated to release the captured gas. The process 

involves pumping highly pressurized fluids and proppant (sand or other material to hold 

the shale cracks open) down the well bore through the perforations in the casings and out 

into the shale. The pressure of the fluid cracks open the shale rock, and the embedded 

proppant holds the cracks open to cause permeability in the formation and allow the gas 
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to be captured. During this process, the shale can be fractured out to 3,000 feet in each 

direction from the well bore.
26

 (See Figure 9.5.) 

 

Figure 9.5 

Diagram of Horizontal (A) vs. Vertical Drilling (B) 

Source: United States Department of Energy, Drilling Sideways—A Review of Horizontal Well Technology 

and Its Domestic Application (Washington, D.C., 1993), p. 2. 

 

Advancements in horizontal drilling technology allow a much larger area to be developed 

in each well compared to vertical drilling, reducing the number of wells needed.
27

 Figure 

9.6 shows both horizontally and vertically drilled wells. The latest major advancement in 

drilling incorporates rotary steerable drilling systems that eliminate the need to insert 

additional down-hole motors. This enables the drilling to be powered continuously from 

the drilling rig, resulting in a more accurate drilling trajectory and greater efficiency. 

After a bore is drilled to the ―pay zone,‖ drillers insert casings and then fill the void 

between the casings and well bore with special expanding cement. This prevents well 

fluids from escaping the casing and contaminating outside formations. Finally, a 

perforation tool uses explosive shape charges to puncture the casing in the pay zone in 

preparation for the hydraulic fracturing process.
28

 (See Figure 9.6.) 

The fracturing fluids serve to open the fracture and to transport the proppant the length of 

the fracture. Depending on the types of geological rock formations the fluids may be 
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water, oil or acid based. The water based fluid is the most widely used for shale 

formations and it consists of 99 percent water along with chemical additives to regulate 

the viscosity of the fluid. The most common proppant used to hold the fractures apart is 

silica sand. Often a resin coating is applied to the sand grains to improve its strength.
29

 

 

Figure 9.6 

Diagram of Horizontal Drilling and Casing  

Source: United States Department of Energy, Modern Shale Gas Development in the United States: A 

Primer (Washington, D.C., 2009), p. 52. 

 

One fracture treatment consumes up to 500,000 gallons of water, roughly the size of an 

Olympic-sized swimming pool. A typical well involves multiple treatments using several 

million gallons of water. After hydraulic fracturing is completed, it is necessary to 

recover as much of the fluid as possible without removing the proppants, since the water 

will block gas flow to the well. The recovered water or ―flowback‖ usually contains high 

amounts of dissolved salts and fracturing chemicals, and may require waste water 

treatment before its final disposal.
30

 Shale gas production and advancements in the 

associated technologies have been driven by high natural gas prices over the decade. 

From 1978 to 2000 natural gas prices were between $2 and $4 per thousand cubic feet. 

Over the last decade, gas prices increased sharply, fluctuating between $4 and $12 dollars 

per thousand cubic feet.
31
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Analysts have estimated the break-even cost for shale gas production between $4.20 and 

$11.50 per thousand cubic feet.
32

 Simple supply and demand pressures for gas and the 

resulting cost enabled leading gas producers to invest in the required infrastructure and 

technological advancements. The commodity price, in addition to an already well-

developed national natural gas pipeline system and environmental benefits of natural gas 

over other fossil fuels, has provided the necessary momentum in shale gas technology 

and production. 

There are seven major shale gas areas called the Antrim, Barnett, Devonian, Fayetteville, 

Woodford, Hayneville and Marcellus Shales. These shales are concentrated in the 

southern and northeastern United States and together could potentially produce over 27 

billion cubic feet of gas a day. The major shale formation in Texas is the Barnett Shale 

Formation. Near Fort Worth, the Barnett Shale is an area of approximately 5,000 square 

miles at a depth of 7000 feet. It is the most active natural gas shale in the United States, 

with as many as 173 drilling rigs at work to tap into over 26.7 trillion cubic feet of natural 

gas.
33

 (See Figure 9.7.) 

 

Figure 9.7 

Major Shale Basins in the United States 

Source: United States Department of Energy, Modern Shale Gas Development in the United States: A 

Primer (Washington, D.C., 2009), p. 8. 

 

A plentiful water supply within close proximity to the shale is important because water is 

the primary ingredient in the fracturing fluid. The Barnett Shale used over 7000 acre-feet 
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of water for hydraulic fracturing in 2005. About 60 percent of the water came from 

ground water in the Trinity and Woodbine aquifers, while the remaining percentage used 

local surface water. About 3 percent of the total groundwater usage in the area was 

associated with the Barnett Shale‘s development. High-end estimates of water usage 

associated with Barnett Shale development show that shale development could use 13 

percent of all local water sources by 2025.
34

 

Another important resource for economical shale gas drilling is an existing pipeline 

infrastructure. Constructed after WWII, major pipeline networks transport gas from the 

Gulf of Mexico region to the northeast and midwest. Five major pipeline routes extend 

from the producing areas in the southwest and more the 20 of the major interstate 

pipelines begin there as well. Due to increased gas production, particularly from the 

Barnett Shale, the pipeline infrastructure has expanded on a large scale. In 2008 alone, 30 

new pipelines covering over 1,300 miles were completed.
35

 (See Figure 9.8.) 

 

Figure 9.8 

Major U.S. Natural Gas Transportation Corridors  

Source: Anthony Andrews, Unconventional Gas Shales: Development, Technology, and Policy Issues 

(Washington, D.C.: Congressional Research Service, October 30, 2009), p. 7. 

 

The leasing of gas shale land by producers occurs on federal, state, or privately owned 

lands. Common negotiations and agreements with private landowners include the selling 

of mineral rights or leasing the land. Features of a lease include signing bonuses, 
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royalties, rents, and terms for lease renewal. The average shale gas royalty for private 

land in Texas is between 25-28 percent with a signing bonus of $10,000-$20,000 per 

acre.
36

 (See Table 9.1.) 

 

Table 9.1 

Private Land Shale Gas Bids, Rents, Royalty Rates, 2008 

 Royalty Rate 

Range 

Bonus Bids  

(per acre) 
Comments 

West Virginia 12.5-18% $1,000-$3,000 Bonus payments were in the $5 per 

acre range as recently as 1-2 years 

ago; royalty rates were 12.5% 

Pennsylvania 17-18% $2,000-$3,000  

New York 15-20% $2,000-$3,000  

Texas 25-28% $10,000-$20,000 Bonus bids were in the $1,000 

range around 2000-2001; royalty 

rates ranged from 20-25% 

Source: Anthony Andrews, Unconventional Gas Shales: Development, Technology, and Policy Issues 

(Washington, D.C.: Congressional Research Service, October, 30 2009), p. 29. 

 

State land leasing varies by state and is a much cheaper option than privately leased land. 

In Texas the minimum royalty rate is 12.5 percent with a signing bonus of $350 -$400 

per acre.
37

 Some state governments have proposed a severance tax on producers who 

extract resources from public land. The tax applies to producers based upon the amount 

extracted and provides compensation to the public for the loss of the resources. The tax 

revenue is directed at environmental and social costs associated with mining and 

extraction.
38

 (See Table 9.2). 

 

Table 9.2 

State Land Shale Gas Bids, Rents, Royalty Rates, 2008 

 Statutory 

Minimum or 

Standard 

Royalty Rate 

Royalty 

Rate 

Range 

Bonus Bids  

(per acre) 
Comments 

West Virginia 12.5% n.a. n.a. No state shale gas leases 

Pennsylvania 12.5% 12.5-16% $2,500 In many cases bonus bids were in the 

$25-$50 per acre range as recently as 

2002; a royalty rate of 12.5% was 

most common 

New York 12.5% 15-20% about $600 Bonus bids ranged from $15-$600 per 

acre around 1999-2000 and most 

royalty rates were at 12.5% 

Texas 12.5% 25% $350-$400 

(Delaware 

basin) 

Bonus bids have been relatively 

consistent in recent times (within the 

past five years); royalty rates were 
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$12,000 

(river tracts) 

more common at 20-25% above five 

years ago; most state-owned lands are 

not considered to be among the best 

sides for shale gas development 

Source: Anthony Andrews, Unconventional Gas Shales: Development, Technology, and Policy Issues 

(Washington, D.C.: Congressional Research Service, October, 30 2009), p. 29. 

 

Federal land leasing is based upon resource management plans prepared by the Bureau of 

Land Management (BLM) in the Department of the Interior and is usually the cheapest of 

the leasing options. The BLM offers public land with oil or gas potential for leasing each 

quarter. The Mineral Leasing Act requires that the lease be offered to the highest 

responsible qualified bidder in a competitive bidding system. The federal government 

requires a minimum royalty rate of 12.5 percent and annual rental rates not less than 

$1.50 an acre.
39

 

Launch Trajectory 

As shale-gas technology is based on an existing, proven technology that has inherent cost 

disadvantages and faces political and/or non-market economic opposition, the technology 

falls into the category of secondary innovation-contested launch.
40

 Shale gas faces an 

inherent cost disadvantages to other fossil fuels such as coal due to the extra expenses 

caused by horizontal drilling, fracturing, and transportation. As the nation‘s energy policy 

demands cleaner fuels, shale gas is seen as the biggest non-market opponent to coal since 

it reduces carbon output by 44 percent and could gain an increasing market share over 

coal in the future. Finally, shale gas faces political opposition from environmental groups 

due to concerns over water contamination and usage. 

Bonvillian and Weiss suggest that research and development, incentives, and mandates 

from the government will have to be designed to facilitate the transition of shale gas to an 

universally adopted energy source.
41

 Examples of government incentives and mandates to 

bolster shale gas production could include taxation on competing energy sources or 

subsidizing shale gas drilling and exploration during non-profitable times. Government-

funded research and development programs could address both citizen groups concerned 

with environmental safety and generating greater efficiency in shale gas recovery. 

The technological status and progress of shale gas is increasing and improving due to 

refined drilling, fracturing and recovery techniques. However, there are three issues that 

are hampering unbounded progress. The first issue is that the price of natural gas must be 

greater than $4.20 per thousand cubic feet for drilling and exploration to be economically 

viable.
42

 The second issue that must be resolved is to research and solve possible ground 

water contamination and consumption level of water used for fracturing. Finally, the last 

issue is researching more efficient techniques to optimize the amount of gas extracted per 

fracturing. There are potential breakthroughs in these areas led by the Department of 

Energy‘s National Energy Technology Laboratories (NETL). A few of these initiatives 

involve federally funded research programs on optimized re-fracturing, sub-surface drip 

irrigation and computer based environmental impact tools.
43
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These federally funded initiatives are already making progress into the likely launch path 

and potential government intervention for shale gas. Bonvillian and Weiss write that a 

likely launch path and the role of government intervention will need to address a series of 

secondary and incremental technological advancements, incentive mandates to ensure its 

growth and research and development funding to further technological advancements.
44

 

With federal research and development funding currently in place, the focus of R&D 

should continue to address possible environmental impacts, gas recovery efficiency, and 

geological studies to improve drilling optimization. Finally, federal and state 

governments must address possible incentives and mandates to level the playing field for 

shale gas competition against coal. 

Related Policy Incentives 

There are a number of incentives, research and development grants and market pricing 

criterion which promote and optimize shale gas drilling and extraction. Compared to 

other fossil fuels, the market price for natural gas is competitive and economically viable 

for industry power producers. At $4.20 per Million British Thermal Units (MMBTU), 

natural gas is 300 percent cheaper than petroleum at $13.00 per MMBTU. Coal at $2.50 

per MMBTU is the only fossil fuel cheaper than natural gas, but the resource costs do not 

include coal‘s negative environmental externalities.
45

 In addition, it is cheaper to build a 

natural gas-fired power plant than a coal-fired one.
46

 With these additional costs and 

externalities factored in, natural gas pricing is cheap, attractive and competitive which 

leads to greater incentives for industry power producers to consider natural gas as its 

primary fuel of choice. (See Figure 9.9.) 

From 1980 to 2002, the federal Section 29 Tax Credit was established to increase drilling 

and extraction of natural gas from nonconventional formations. This tax credit provided a 

$0.50-per-Mcf incentive for gas produced from nonconventional formations. This tax 

credit was seen as a driving factor in doubling gas shale gas extraction. The credit served 

its purpose in creating a sustainable and mature fuel technology and was canceled for 

shale gas in 2002.
47

 

Over the last four decades, there have been numerous programs funded by the 

Department of Energy to improve shale gas extraction and reduce environmental impacts. 

The NETL have received R&D funding under the US Energy Policy Act of 2005 to 

address these goals. These R&D initiatives have led to and continue to lead to 

optimization by testing directional drilling to intersect natural rock fractures, analysis and 

mapping of shale microstructure for gas pocket concentrations, and developing a 

methodology for re-fracturing.
48

 

Research and development funding for environmental impact reduction are aimed at 

studying the impacts of fracture fluid and formation water. The goal is to reduce the 

water needed for hydraulic fracturing and reduce the environmental impact of waste 

water disposal. NETL, in conjunction with private companies, continues to refine the 

process of treating the frac flowback fluids through a process that removes salts and 

metals and then injects the water into deep reservoirs or uses it as a source of irrigation 

water without damaging the soil or hydraulic system. NETL R&D funding is also being 
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used to create a Graphic Information System database of environmentally sensitive areas 

in relation to water resources and shale gas formations. This database will allow 

producers to better evaluate environmental impacts and expedite the permitting process 

for drilling.
49

 These related policy incentives for shale gas are geared towards further 

optimizing and reducing potential environmental impacts of a mature technology.  

 

Figure 9.9 

Electrical Power Industry Fuel Costs 
(September 2009-August 2010)  

Source: United States Energy Information Administration, Electric Power Monthly. Online. Available: 

http://www.eia.doe.gov/cneaf/electricity/epm/epm_sum.html. Accessed: November 18, 2010.  

 

Shale gas drilling and extraction regulatory framework is based upon federal, state, and 

local regulations that address every aspect of exploration and operation. The US 

Environmental Protection Agency (EPA) and BLM administer most of the federal laws. 

The key federal laws governing shale gas development include the Clean Water Act, Safe 

Drinking Water Act, Clean Air Act and National Environmental Policy Act. The federal 

agencies do not have the resources to administer all these programs across the nation, so 

they grant primacy to the states for implementation with their oversight.
50

 

Each state in which oil and gas is produced has regulatory agencies that permit wells to 

include their design, location, spacing, operations, abandonment, and environmental 

activities. State regulation of shale gas development addresses regional and state-specific 

characteristics, local geology, hydrology, climate, industry, state legal structures, 

population density or local economics. In Texas, the Texas Railroad Commission (TRC) 

permits, regulates and enforces state and federal law concerning shale gas development. 

The Texas Railroad Commission enforces and regulates the state requirements that are 

written into rules and regulations in addition to regulations determined on a case-by-case 
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basis as a result of environmental review. Also, most states require operators to post a 

bond or other financial security when getting a drilling permit to ensure compliance with 

state regulations and ensure there is funding to properly plug a well once production 

ceases.
51

 

In addition to state regulatory agencies, there are independent state programs that 

periodically review state implementation of regulations and determine their effectiveness. 

Commonly known as State Review of Oil and Natural Gas Environmental Regulation, 

this independent program evaluates state exploration and production waste management 

programs, as well as increasing information sharing and cooperation between state and 

federal regulatory agencies.
52

 

Local entities such as cities, counties, tribes, and regional water authorities may also set 

up operational requirements that affect the location and operation of the well. They may 

also require permits and approvals in addition to those at the federal and state level.
53

 

Discussion 

Shale gas drilling and extraction are mature technologies that do not require much 

research and development. The advancements over the last decades in horizontal drilling 

and hydraulic fracturing have led to efficient extraction of shale gas and economic 

practicality of the drilling operations. This in turn caused the industry to take off and 

makes future research and development funding necessary solely for purposes of 

optimization and environmental impact reduction. 

The rapid increase in shale gas drilling across the United States has prompted public 

concern over potential negative environmental impacts associated with horizontal drilling 

and hydraulic fracturing. Drilling can cause disturbances of subsurface water conditions, 

including the destruction or contamination of aquifers.
54

 The potential contamination of 

water tables is the most serious environmental threat posed by the extraction of shale gas. 

Hydraulic fracturing fluid is made up of water, a proppant such as sand, gels, aids, 

biocides, scale inhibitors, and surfactants.
55

 There have been instances in which some of 

the chemicals in the introduced fluids were either carcinogenic or associated with a 

variety of health problems.
56

 New York records claim that formaldehyde, pesticides, and 

acids are added to the fluids. An article published recently at InsideEPA.com described 

water well testing results from Pavillion, Wyoming, that showed shale gas drilling-related 

chemicals present.
57

 During the drilling process, the length of the well is cased in cement 

to prevent the contamination of water tables by hydraulic fracturing liquids. However, 

because of the extreme depths involved in drilling for shale gas, effective cement casing 

becomes difficult.
58

 In addition, drillers attempt to remove all hydraulic fracturing fluids 

after pressurizing the shale, but in reality as much as 80 percent of injected fluids may be 

left behind.
59

 

Contradicting many of the ground water and aquifer contamination claims are studies by 

the Colorado Oil and Gas Conservation Commission (COGCC). EPA regulations enforce 

many precautions to avoid contamination of the ground water supply to include 

avoidance of drilling near drinking water supplies and mandating that drilling can occur 



253 

only below 8000 feet or less than 1000 feet.
60

 These depths are intended to avoid 

contamination of ground water and aquifers. Drilling below 8000 feet requires steel 

casing and cementing of the well in order to ensure no contamination of aquifers or 

ground water can occur during extraction. COGCC‘s study of reported ground water 

contamination caused by shale gas fracturing resulted in only one case being the result of 

faulty drill well casing. The drinking water contaminations in the other cases were found 

to be the result of aquifers rich in bio-genic methane which occurs in shallow, water-

bearing geologic formations, into which water wells are sometimes completed. USGS 

studies have also suggested that many ground water supplies and aquifers may also 

demonstrate high levels of bio-genic methane.
61

 This can lead to shale gas drilling being 

improperly attributed with causing water contamination. (See Figure 9.10.) 

 

Figure 9.10 

Hydraulic Fracturing versus Aquifers  

Source: United States Environmental Protection Agency, Hydraulic Fracturing Research Study. Online. 

Available: http://www.epa.gov/safewater/uic/pdfs/hfresearchstudyfs.pdf. Accessed: November 18, 

2010.   

 

The large volumes of water needed for the hydraulic fracturing process could also pose 

an environmental challenge. Depending on the depth of the shale formation, between two 

and ten million gallons of water are required to complete the fracturing of each horizontal 

well.
62

 Because of the high cost of trucking water to remote drilling sites, most 

companies use on-site water resources for hydraulic fracturing. Though water resource 

concerns have been raised in many communities affected by shale gas drilling, the US 
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Department of Energy claims that use for shale gas development will range from 0.1-0.8 

percent of total water use by basin, a small number when compared to use by agriculture, 

electric power generation, or municipalities.
63

 

The processing and disposal of wastewater is another environmental challenge associated 

with hydraulic fracturing. Although the fracturing liquid is 98 percent water and sand, 

toxic chemicals are added to make the process more efficient. In addition, the fluid 

absorbs formation chemicals such as toxic metals, salts, or radio-nuclides from the rock 

itself, causing further contamination.
64

 Current wastewater management methods include 

subterranean injection, treatment and discharge, and recycling.
65

 The most common 

method, however, is to store wastewater in open pits to promote evaporation until waste 

can be disposed of as a solid.
66

 New water treatment technologies are being developed to 

process hydraulic fracture.
67

 

Policies regarding the extraction of shale gas are concerned primarily with environmental 

impact regulation. As of 2009, most federal laws, regulations, and permits that apply to 

the conventional oil and gas industries extend to shale gas.
68

 Surface water discharges 

and storm runoff from production sites are regulated federally under the Clean Water 

Act.
69

 The Department of Energy also states that the underground injection of fluids from 

shale gas activities is regulated under the Safe Drinking Water Act.
70

 The Energy Policy 

Act of 2005, however, excludes hydraulic fracturing fluids from the Safe Drinking Water 

Act.
71

 This allows the injection of hydraulic fracturing fluids to remain unregulated and 

allows chemical formulations used in hydraulic fracture fluid to remain undisclosed and 

confidential for proprietary reasons. The Fracturing Responsibility and Awareness of 

Chemicals Act is a bill introduced in Congress in 2009 to amend the Energy Policy Act 

of 2005 to include hydraulic fracturing fluids in the Safe Water Drinking Act regulation 

legislation. The bill is currently being investigated by the Committee on Environment and 

Public Works and, if passed, would subject hydraulic fracturing fluids to all standards of 

the Safe Water Drinking Act and would mandate full disclosure of the chemicals used in 

the process.
72

 In March 2010, the EPA announced a two-year research study focused on 

the impact of hydraulic fracturing on drinking water.
73

 The likelihood of drinking water 

contamination will be evaluated, and the results will likely have consequences in current 

hydraulic fracturing policy. 

If the EPA finds conclusive evidence that hydraulic fracturing fluid poses an 

environmental risk to water resources, federal regulations can help move the industry to 

more environmentally safe techniques. One of the most promising alternatives to 

hydraulic fracturing is dry fracturing, a similar technique currently being developed in 

Canada.
74

 In dry fracturing, pressurized carbon dioxide is mixed with nitrogen and a 

proppant such as sand and forced into the shale formation.
75

 Preliminary trials have 

shown that gas production is as much as five times greater with dry fracturing than with 

hydraulic fracturing.
76

 Water is not required in the process, so the environmental impacts 

on water resources associated with hydraulic fracturing are not concern. The biggest 

obstacle to the widespread adoption of this technology is the transportation costs of 

carbon dioxide and nitrogen.
77

 Once an infrastructure for transport is in place, these costs 

will decrease and the technology will become economically viable. 
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Other options for decreasing the environmental impact of hydraulic fracturing include the 

reuse of fracturing fluids to reduce water consumption, replacing toxic chemicals with 

environmentally friendly materials, or utilizing increasingly accurate geological surveys 

to more efficiently drill. There are instances of each of these in shale gas companies 

across the United States.
78

 

Lessons Learned 

The primary research findings on shale gas are its abundance, economic practicality, low 

carbon and pollution emissions, technology maturity and realistic methods to negate 

environmental impacts. The horizontal drilling and hydraulic fracturing technology 

behind shale gas extraction is a proven method that requires little to no further federal 

research and development funding. Any foreseeable future improvements for shale gas 

extraction will be in regards to drilling efficiency and geology optimization. There is 

currently great economic practicality in shale gas extraction for both producers and 

industry power plant consumers. With over 616 trillion cubic feet of shale gas reserves it 

is a stable source of fuel that could potentially, by itself, heat every home in America for 

thirty years. Natural gas market prices between $4.20 and $11.50 per thousand cubic feet 

provide sustainable profit incentives for producers to conduct exploration and drilling. 

The current market price of $4.20 per thousand cubic feet of natural gas is the cheapest of 

all fossil fuels with the exception of coal at $2.50. In addition, it is cheaper to build gas-

fired power plants than coal fired plants. 

Two more key advantages of natural gas, and some of the main reasons for its increased 

use, are its efficiency and clean-burning quality compared to other fossil fuels. Emitting 

approximately half the carbon dioxide of coal and among the lowest of levels of other air 

pollutants, natural gas is an attractive fuel option as state and federal regulations demand 

more environmentally friendly fuels. The combustion byproducts of natural gas are 

mostly carbon dioxide and water vapor, while coal and oil produce much more complex 

organic molecules with greater nitrogen and sulfur content. The reduction in greenhouse 

gas emissions make natural gas central to energy planning since the approximately 83 

percent of greenhouse gas emissions are a direct result of fossil fuel combustion. Given 

that natural gas is the cleanest burning of the fossil fuels, an environmental benefit could 

be seen by shifting towards greater reliance on natural gas. 

Finally, the limited environmental impacts of shale gas extraction and foreseeable 

solutions to addressing lingering concerns make shale gas an acceptable source of fuel. 

The fracturing of shale formations is not strong enough to result in any seismic damage. 

The current slick water hydraulic fracturing fluid is not an environmental concern when 

compared to earlier fluids containing hazardous proppants. The remaining concern relates 

to ground water contamination of the used fracturing fluid. This concern has been 

mitigated with treating the fracturing fluid to desalinate and extract metals and remaining 

proppant polymers. The resulting water can be used again for fracturing, irrigation or 

inserted into deep reservoirs below the water table. Additional methods are being 

developed to further reduce water usage and prevent ground water contamination.  
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Potential drawbacks to shale gas extraction are natural gas price fluctuation and 

uncertainty of impending laws and regulations. Damage to pipelines or off shore gas 

drilling platforms can cause large fluctuations in natural gas prices. Sharp increases in 

natural gas prices can negatively affect industry power producers and temporally disrupt 

the economic viability of natural gas. Price hedging is one method to escape this potential 

pitfall. Since Hurricane Katrina gas prices have remained stable and restored confidence 

in the natural gas market. The possibilities of laws or regulations that negatively affect 

shale gas extraction could also reduce the economic practicality of natural gas in addition 

to future exploration.  

As discussed previously, the market price of natural gas is the greatest factor in 

determining exploration and drilling of shale gas fields. One of the quickest methods to 

negate the fluctuation of natural gas prices and ensure natural gas competiveness with 

coal fired power plants is a national or state carbon tax. With America‘s gas-fired 

capacity (as opposed to production) already exceeding that of coal, a $30 tax per metric 

ton of carbon emissions would displace coal since natural gas power stations emit about 

half as much carbon as the cleanest coal fired plant. This increase in demand will drive 

up the cost of natural gas and make shale gas drilling and exploration a sustainable, 

market driven venture. It is possible that even major oil companies that are normally 

opponents of carbon control would embrace this policy as it would be a potential boon to 

their gas sectors.
79

 

Policy Conclusions and Recommendations 

Although federal policies and incentives promoting natural gas from shale and hydraulic 

fracturing to some extent helped the industry, it can be concluded that it only occurred in 

a peripheral sense. Section 29 tax credits encouraged some drilling activity, but it was 

mainly market driven conditions that was the real driving force behind private 

exploration. DOE and the Gas Research Institute have made significant contributions in 

regards to hydraulic fracturing; however, the real contributions to the industry lay with 

the trials and errors of private companies and favorable policy by state regulatory 

committees that do not over-regulate the industry.
80

 

The greatest policy proponents for further regulating and impeding natural gas from shale 

and hydraulic fracturing originate not with the federal government, but at the local level. 

Many communities and some states are in front of federal government policy positions 

when it comes to taking a shale gas anti-drilling stance. New York‘s ban of hydraulic 

fracturing on the Marcellus Shale highlights this point and demonstrates the need to 

incorporate local level sentiment into policy analysis.
81

 Based upon previous policy 

analysis, the state of the shale gas technology, and industry and current market-based 

criteria, the following policies are recommended to enable natural gas and shale gas to 

bridge the gap between more polluting fossil fuels and green, renewable fuels. 

When economically practical, supplant coal-fired power production with gas turbine. 

Continued decommissioning of coal-fired power generation and increased activation of 

gas turbine power generation will provide reliable energy and decrease harmful emissions 
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at a lower cost cost than more expensive and less reliable renewable energy sources. The 

use of natural gas energy production as a bridge between more polluting fossil fuels and 

clean, renewable energy sources enables a more environmentally friendly, cheaper and 

stable energy transition as renewable energy technology improves and implementation 

costs decrease. Energy producers should conduct wholesale price hedging on bulk natural 

gas purchases. Although there has been minimal volatility in the natural gas market over 

the last six years and the fuel source is abundant, energy producers must take into account 

natural disasters that have immediate effects on the market price. Price hedging alleviates 

these effects for the producers and creates stability in consumer pricing and supply. 

Energy producers and suppliers should lobby against any state or federal policies that 

further regulate the natural gas and shale gas industries. The proposed federal Frac 

Responsibility and Awareness of Chemical Act is an excellent example to illustrate the 

argument against further regulation. This federal act will merely duplicate what state 

regulatory committees and the natural gas industry are already doing. Policy analysis 

from the American Gas Association believe further EPA and federal regulations will lead 

to a slower and more costly permitting process and impede drilling and production. The 

supply-side effect would include a negative impact to incremental growth in the industry, 

increase in market price and cause concern over the stability of the industry.
82

 The 

current state regulations and economic benefits of private companies conducting drilling 

in the most environmentally friendly manner already address the major negative 

externalities associated with hydraulic fracturing. 

Energy producers and providers should remain neutral in lobbying for or against federal 

and state carbon cap-and-trade legislation. Legislation will undoubtedly increase energy 

costs; however, it will serve as a mechanism to make cleaner, natural gas fired power 

plants predominate over coal. If carbon legislation is not enacted, natural gas is still 

expected to take a greater share of the energy market due to reliability, supply stability 

and consumer‘s demand for cleaner emissions. In the event of carbon legislation, the 

American Gas Association believes that natural gas will take a larger market share from 

the coal industry since the carbon tax will begin to negate the price advantage coal has 

over natural gas. Even if carbon taxes encourage wide spread development and use of 

carbon capture and storage for coal power plants, the technology costs and 

implementation would still enable natural gas to take a larger market share.
83

 In all 

scenarios, natural gas is projected to become more predominate. 

Energy producers and providers should generally not support any state and federal 

policies that cause natural gas pricing to fluctuate outside of $4.00 and $11.50 per 

thousand cubic feet. Polices causing natural gas prices to fall below $4.00 can lead to a 

decrease in drilling and exploration since there is little economic benefit or profit for 

private drilling companies to continue their costly operations. This in turn can lead can 

impede incremental industry growth and affect supply stability. Pricing over $11.50 can 

cause energy producers to adopt cheaper fuel sources and again affect industry growth 

and supply production. It is necessary to favor only policies that bring a degree of 

certainty to natural gas pricing. 
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Chapter 10.  Nuclear Power 

Executive Summary 

Nuclear power is used to generate electricity in many parts of the world. Nuclear reactors 

use uranium and plutonium to create a chain reaction that sustains itself until the fuel is 

spent, or burned up. The reaction itself emits no carbon, and safety risks have been 

mitigated through improved reactor design. The use of nuclear power to generate 

electricity grew in very different ways in the United States and France, and this chapter 

seeks to highlight the differences to see if the US nuclear industry or central government 

can learn from France‘s experience. 

This chapter is organized into two sections: the first shows the history, technology, 

policies, incentives, and structure of the US nuclear industry. The second shows the same 

in France, and also highlights the benefits and drawbacks of the nuclear industry 

particular to France. US opinion on nuclear power spans a wide range, and this variation 

in opinion has partly caused the deadlock on the industry‘s expansion. Federal and state 

policies and incentives related to nuclear power lack uniformity, which makes long-term 

financial planning impossibly risky. In France, the central ownership of all parts of the 

industry, including plant design and construction and the fuel cycle, makes the industry 

run smoothly. The financial leveraging power of a government far outweighs that of a 

private builder or producer. Because of the linear chain of command in France,
1
 

electricity producers‘ needs are well aligned with the resources that can fulfill them. 

From design to decommissioning, everyone in the industry knows who is in charge and 

where the funding comes from. 

Following the French case study are lessons learned from France and whether they are 

applicable in the United States. For example, given the wide range of available US 

energy resources, nuclear power‘s future may depend on fuel prices for other sources of 

electricity, particularly natural gas. The chapter concludes with a set of conditions that 

would allow the nuclear industry to grow in the United States. 

Introduction 

Nuclear energy originates from the splitting of uranium atoms in a process called fission. 

Inside the power plant, the fission process is used to create heat for producing steam, 

which spins a turbine to generate electricity. 

The United States and France are the two case studies for this chapter. Policies at the US 

national level affect what states and local power suppliers can do with nuclear power. 

France‘s history with nuclear power is drastically different from that of the United States, 

and the United States can learn from the French experience. This chapter is organized as 

two separate case studies: first the United States, and second France. Following the case 

studies are lessons learned from the French experience and whether such lessons are 

applicable in the United States. 
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The United States began nuclear power research and development in 1941 with the idea 

of a fission reactor by Italian scientists Enrico Fermi and Leo Szilard.
2
 The idea became a 

reality in December 1942, with the construction of the first nuclear reactor known as 

Chicago Pile 1 built beneath the University of Chicago‘s athletic stadium.
3
 Further 

advancement into nuclear energy was put on hold during the World War II years and the 

attendant focus into nuclear weapons. 

The Manhattan Project was the code name given to the US nuclear weapons development 

program during the Second World War. This project was developed at the urging of both 

Leo Szilard and Albert Einstein, who expressed concerns over Germany‘s development 

of nuclear weapons to President Roosevelt.
4
 The project lasted from 1942-1946 under the 

direction of the US Army‘s General Leslie Groves and American physicist Robert 

Oppenheimer.
5
 The project was taken over by the Atomic Energy Commission (AEC) in 

1946 as stipulated in the Atomic Energy Act of 1946 to establish civilian control and 

nuclear weapons development separate from the military.
6
 

The AEC authorized the construction of a nuclear breeder reactor in Idaho, which 

produced the nation‘s first nuclear-generated electricity in December 1951.
7
 The idea of a 

breeder reactor came from the Manhattan Project, where a group of scientists worked on 

creating more fissionable material from the initial chain reaction.
8
 This goal of producing 

electricity from nuclear power reached a technological high point with the creation of the 

first commercial nuclear power plant located in Shippingport, Pennsylvania, in 1957.
9
 

The design of the plant was a light water-cooled reactor, which was the best design at the 

time and the highlight of nuclear power research and development in the 1950s.
10

 

Utility companies became interested in the new commercial nuclear technology after the 

operational debut of the Shippingport plant.
11

 This event spawned the nuclear power 

industry in the United States, with rapid growth in the 1960s.
12

 The United States had 

only three operational nuclear electricity-generating facilities by August 1960.
13

 Nuclear 

power research and development expanded rapidly in the 1960s, with end products 

including the powering of naval vessels and nuclear power generation in space.
14

 Further, 

in December 1963, the Jersey Central Power and Light Company made a commitment for 

the Oyster Creek Nuclear Power Plant, which was the first time a nuclear plant was 

chosen over a fossil fuel plant.
15

 

By 1971, 22 nuclear power plants were in operation in the United States, producing 2.4 

percent of the nation‘s electricity; and another 41 power plants were ordered in 1973 

alone.
16

 During the 1970s, the nuclear power industry and regulatory oversight went 

through several changes. The Energy Reorganization Act of 1974 divided the functions 

of the AEC into two new agencies, the Energy Research and Development 

Administration (ERDA) and the Nuclear Regulatory Commission (NRC).
17

 President 

Carter then transferred all functions over to the new Department of Energy in 1977. In 

March 1979, the worst nuclear power plant accident in US history happened at the Three 

Mile Island plant.
18

 By that time, there were 72 operating reactors producing 12 percent 

of the nation‘s electricity.
19
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The 1980s were characterized as the nuclear power ―brown out,‖ in which nearly no new 

plants were ordered, and plants already ordered by 1978 were barely replacing retiring 

plants.
20

 Over 100 reactors were canceled, with the most recently produced nuclear power 

plant ordered in 1970 and licensed to operate in 1996.
21

 The next significant tragedy to 

nuclear energy came with the disaster at the nuclear facility in Chernobyl, Ukraine, in the 

Soviet Union. 

The 1986 accident in Chernobyl was the result of poor design and inadequately trained 

personnel to handle the crisis.
22

 Thirty people were dead within a few weeks and the 

explosion ―released at least 5 percent of the radioactive reactor core into the atmosphere 

and downwind.‖
23

 Over 200 people were diagnosed with Acute Radiation Syndrome 

(ARS).
24

 This accident caused worldwide alarm and panic over the safety of nuclear 

power generation. 

The 1990s until the turn of the new century were a period of maintaining the current 

nuclear energy infrastructure and exploring advanced designs to improve the safety and 

performance of nuclear energy for commercial use. However, the growing concern over 

greenhouse gas (GHG) emissions worldwide and the growing demand for energy are 

generating renewed interest in nuclear energy. Nuclear power can operate and produce 

electricity without producing GHG during all seasons and times of day.
25

 

Current United States Nuclear Energy and Challenges 

There are currently 103 active reactors located at 65 plant sites in the United States, 

producing approximately 20 percent of the nation‘s electricity (See figures 10.1 and 

10.2). Electricity production from nuclear plants in the United States is greater than oil 

and hydroelectric power combined, and generates more than 50 percent of the electricity 

in six states.
26

 26 commercial reactors were approved for license extensions, extending 

the operating time of the reactors to a total of 60 years, with an additional 20 reactors 

under review for extension.
27

 

Despite nuclear energy‘s appeal as a cleaner fuel source when compared with heavier 

greenhouse gas-emitting sources from fossil fuels, there has been a 30-year halt to 

nuclear plant orders.
28

 Partly because of the accidents at Three Mile Island and 

Chernobyl, nuclear power plant construction remains expensive and therefore slow to 

develop. Construction costs for reactors ordered before 1973, approved by the NRC, and 

completed in the mid-1980s, ranged from $2 billion to $6 billion.29 The construction 

costs remain high for nuclear power plants, averaging more than $3,000 per kilowatt 

(kW) of electricity generating capacity (in 1997 dollars).
30

 Unless multiple sites are built 

to identical standards, then there is no predicted reduction to that high construction cost.
31
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Figure 10.1 

US Nuclear Reactor Locations 

Source: World Nuclear Association, United States Nuclear Power Reactors Location. Online. Available: 

http://www.world-nuclear.org/info/inf32.html. Accessed: October 10, 2010. 

 

Figure 10.2 

US Electricity Generation by Source 

 
Source: World Nuclear Association, 2009 U.S. Electricity Generation by Source. Online. Available: 

http://www.world-nuclear.org/info/inf32.html. Accessed: October 10, 2010. 
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Tennessee Valley Authority‘s (TVA) Browns Ferry 1 is an example of the costs involved 

just for a refurbishment, not even a complete construction effort. The project restarted 

May 22, 2007, after a 22-year shutdown and $1.8 billion refurbishment that was 

completed on time and within 5 percent of the original cost estimate.
32

 The projected cost 

is currently on schedule and under budget of the estimated $2.5 billion with an earlier 

anticipated completion time of 2012 instead of 2013.
33

  

The United States uses two types of nuclear reactors, pressurized water reactors (PWRs) 

and boiling water reactors (BWRs) (see figures 10.3 and 10.4), with no two reactors 

exactly alike.
34

 There are 69 PWRs operating and 35 BWRs operating in the United 

States, generating approximately 805 billion kilowatt hours (kWh) in 2008.
35

 No more 

than four additional units are anticipated to come online between 2011 and 2020 because 

of competition from predicted lower natural gas prices.
36

 

Nuclear energy created approximately 14,000-15,000 jobs in 2008 according to the 

Nuclear Energy Institute, and the industry plans to invest $8 billion in further research 

and development of the technology.
37

 Approximately 610,000 jobs would be created in 

the nuclear industry with the development and introduction of Generation III/III+ nuclear 

reactors starting in 2009 and ending in 2024.
38

 For comparison, the coal industry would 

generate approximately 207,800 jobs using the same baseline energy growth anticipated 

in the United States over that time period.
39

 

 

Figure 10.3 

Diagram of a Pressurized Water Reactor 

Source: United States Nuclear Regulatory Commission, The Pressurized Water Reactor. Online. Available: 

http://www.nrc.gov/reading-rm/basic-ref/students/animated-pwr.html. Accessed: November 10, 2010. 
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Figure 10.4 

Diagram of a Boiling Water Reactor 

Source: United States Nuclear Regulatory Commission, The Boiling Water Reactor. Online. Available: 

http://www.nrc.gov/reading-rm/basic-ref/students/animated-pwr.html. Accessed: November 10, 2010. 

 

Although 30 license applications have been submitted to the NRC in the past decade, 

only two nuclear construction projects are moving forward, and two more are holding 

their license open in order to apply for federal loan guarantees.
40

 These four projects have 

already moved through the preliminary engineering, procurement, and construction 

(EPC) contract process.
41

 Entergy and Dominion are examples of companies that recently 

suspended license review of their GE Economic Simplified Boiling Water Reactor 

(ESBWR) despite continuing with the licensing process.
42

 

AmerenUE is another company that has decided to suspend review of a license for its 

proposed Callaway unit in Missouri. Exelon announced suspensions of combined 

construction and operating licenses (COLs) in 2009 for their proposed two-unit plant in 

Victoria County, TX to seek only an early site permit (ESP).
43

 However, not all nuclear 

utilities have cancelled their COLs, as TVA announced in 2009 that it would build one of 

the two new reactors previously proposed at the Bellefonte site in Alabama.
44

 TVA 

indicated that they would either build a new reactor or complete one of the two partially 

completed reactors.
45

  

Approval for a license by the NRC enables the applying company to begin construction 

and is a requirement for approval of a federal loan guarantee and regulatory risk 

insurance, as outlined in the Price-Anderson Act.
46

 Estimates conclude that the first line 

of new reactors could begin operation before 2020 if construction were to begin after 

approval of their respective COLs.
47

 This is further confirmed by Southern Company, 

which expects operational readiness of their Vogtle 3 and 4 reactors no later than 2017, 
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stating that the project is on schedule with anticipated COL approval by the NRC in mid-

2011.
48

 

Constellation Energy is the most recent utility in the United States to cancel their 

proposed nuclear energy plant, which was proposed to be built in Maryland.
49

 Despite the 

promise of federal loan guarantee and partnership with French power company Électricité 

de France, Constellation found the economics of the project unworkable.
50

 The federal 

government would have required Constellation Energy to pay approximately $800 

million to mitigate the risks of potential default on the federal loan, which Constellation 

Energy cited as one of the primary reasons for withdrawal.
51

 

The Department of Energy has awarded only one federal loan guarantee to Southern 

Company for approximately $8.5 billion for the construction of the Vogtle plant project 

in Georgia.
52

 Other companies have looked at the prospects of building new nuclear 

reactors and instead decided to wait due to economic reasons—there is only $10.5 billion 

remaining in federal loan guarantees. The largest nuclear utility in the United States, 

Exelon, withdrew from a plan to build a plant in Texas and decided to instead seek an 

ESP, which would allow time for Exelon to decide at a future date whether or not to start 

construction.
53

 Exelon cited the need for natural gas prices to double and a carbon tax to 

be implemented in order to make the project economical.
54

 

Because of its low production costs—operation, maintenance, and fuel costs—nuclear 

power is an attractive option (see Figure 10.5). However, there are considerations other 

than production costs that decrease its attraction. Recently, fossil fuel prices have become 

more competitive. Also, the federal loan credit default payment formulation lacks 

transparency.
55

 The rapid increase in fossil fuel prices and demand for carbon emissions 

legislation to curb global climate change prompted nuclear utility companies to tell the 

NRC that they wanted to build 28 new reactors.
56

 J. Scott Peterson, a spokesman for the 

Nuclear Energy Institute, said, ―The pause in nuclear building plans mirrors delays in 

other industrial projects. It‘s principally because of the economic situation.‖
57

 

One of several factors affecting the nuclear industry‘s reluctance to rapidly grow is the 

fall in electricity demand.
58

 Electricity demand decreased by more than four percent in 

2009 from 2007 as the recession affected the economy.
59

 Although demand in 2010 was 

higher than in 2009, the level was still not as high as 2007, which is considered to be the 

peak of US demand. The US electricity market generally grows on the scale of 1 to 3 

percent a year. With less demand on the system and other economic factors, there is less 

urgency to build new plants.
60

  

The decrease in the price of natural gas has caused nuclear power to be less competitive 

and ultimately less attractive when considering a power purchase agreement. Natural gas 

has been the primary competition for pursuing nuclear power projects, and when the 

recession began in 2008 the average price for one million British thermal units (BTU) 

was $7.96.
61

 According to a New York Times article, ―in 2009 the same amount of gas 

cost just $3.71, according to preliminary Energy Department figures, and for the first six 

months of 2010, it cost $4.43.‖
62
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Figure 10.5 

US Electricity Production Costs by Type 

 

Source: Nuclear Energy Institute, U.S. Electricity Production Costs by type. Online. Available: 

http://www.nei.org/resourcesandstats/documentlibrary/newplants/graphicsandcharts/?type=Graphics%

20and%20Charts&isDocType=true&implicit=1&page=7. Accessed: November 10, 2010. 

 

Also impacting the nuclear industry is the lack of congressional action on carbon 

legislation that would put a price on GHG emissions. Nuclear power produces no carbon 

emissions, and therefore, would conceivably gain a competitive advantage compared to 

coal and natural gas if a bill were passed.
63

 The prospect of carbon legislation has seemed 

likely at times, but Congress has been unwilling to pass such legislation in the midst of a 

recession and a slowly recovering economy.
64

 

Regardless, there are currently two nuclear projects moving forward in Georgia and 

South Carolina. These two projects are in states where the utilities building them also 

control the electricity distribution grid, which essentially guarantees them a financial 

return.
65

 That particular economic position is so strong for the South Carolina project, 

that the company has begun work without a federal loan guarantee.
66

 

United States Case Study 

The most recent incentives for investing in nuclear energy were initiated with the Energy 

Policy Act of 2005 (EPACT 2005) signed by President Bush.
67

 The incentives for new 
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nuclear reactor construction included production tax credits, loan guarantees, insurance 

against regulatory delays, and extension of the Price-Anderson Act nuclear liability 

system; which details the liability for damages to the general public from nuclear 

incidents.
68

 However, with the low prices of natural gas and the high cost of construction 

for nuclear power plants, there is consensus that new reactors will not be built without the 

federal loan guarantee program for support.
69

 

The House of Representatives‘ fiscal year 2005 Energy and Water Development 

Appropriations bill, which provided $463.8 million for the Department of Energy nuclear 

energy research and development, was aimed at technology advancement and improving 

the current reactor base management.
70

 The House amount was approximately $50 

million above the Bush Administration‘s request and the 2004 appropriation.
71

 More 

recently, the fiscal year 2010 Energy and Water Development Appropriations Act 

provided funding for DOE to conduct studies into extending reactor life to 80 years.
72

 

Recent federal support incentives also include production tax credits up to a certain 

amount of megawatts (MW) produced from nuclear power. The current incentive amount 

contained in EPACT 2005 is 1.8 cents per kWh up to 6,000 MW for the first eight years 

of operation.
73

 However, this tax credit for new nuclear power generation has a ceiling 

and can only support about four to five new reactors. If there were more reactors, the tax 

credit would decrease proportionally.
74

 

The spike in fossil fuel prices and energy shortage of 2000-2001 caused renewed interest 

in nuclear energy, with three major companies submitting permits for construction sites 

to the NRC.
75

 Mississippi, Virginia, and Illinois were locations chosen by three nuclear 

operating companies as potential new power plant. However, the decrease in energy 

demand and significant decrease in natural gas prices have caused stagnation in moving 

forward with construction. 

Another reason for the renewed interest in nuclear energy is global warming due to 

GHGs emitted by the usage of fossil fuels. The DOE summed up the renewed interest by 

stating, ―The benefits of nuclear power as a clean, reliable, and affordable source of 

energy are a key to economic and environmental underpinnings of the United States.‖
76

 A 

report by the Massachusetts Institute of Technology contained the following statement: 

―Our position is that the prospect of global climate change from greenhouse gas 

emissions and the adverse consequences that flow from these emissions is the principal 

justification for government support of the nuclear energy option.‖
77

 

Despite the high up-front costs of nuclear energy with the construction and time required 

to build, the low operating costs combined with the zero GHG emissions have created an 

environment amenable to expanding nuclear energy in the United States. If cap-and-trade 

measures were implemented on fossil fuel energy production resources, then the outlook 

for nuclear energy could become more economically viable. 

Nuclear waste disposal has remained one of the most controversial aspects of nuclear 

power generation. The waste and decommissioned parts of a nuclear reactor can remain 

hazardous for thousands of years.
78

 Approximately 20 tons of radioactive spent nuclear 
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fuel and 40,000 cubic meters of low-level radioactive waste are produced annually by 

nuclear reactors in the United States.
79

 Although the federal government is charged with 

permanent disposal of the radioactive waste, each nuclear reactor has the capability to 

safely maintain produced waste for the long term.
80

 

The Nuclear Waste Policy Act (NWPA) of 1982 selected Nevada‘s Yucca Mountain as 

the single candidate location for a national geologic repository for highly radioactive 

waste (see figure 10.6).
81

 The Bush Administration made a recommendation in 2002 to 

Congress that the DOE apply to construct the designated Yucca Mountain Nuclear Waste 

Repository.
82

 However, the state of Nevada had the leverage of a veto against the site 

selection via a formal notice of disapproval or state veto that Governor Guinn submitted 

to Congress on April 8, 2002.
83

 However, Congress countered the state veto and passed a 

Yucca Mountain approval resolution during continuous session, overruling Nevada‘s veto 

on May 8, 2002, with the president ultimately signing the resolution in July.
84

 

 

Figure 10.6 

Concept of the Nuclear Waste Repository, Yucca Mountain, Nevada 

Source: Nuclear Energy Institute, Yucca Mountain Nuclear Waste Repository. Online. Available: 

http://www.nei.org/resourcesandstats/documentlibrary/nuclearwastedisposal/graphicsandcharts/reposit

orynaturalandengineeredbarriers/. Accessed: November 10, 2010. 

 

The Obama Administration terminated the Yucca Mountain repository project in 2009 in 

order to appoint a blue ribbon panel to instead develop nuclear waste disposal 

alternatives.
85

 The blue ribbon panel has a deadline of March 2012 to present their 
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findings on alternatives to the Yucca Mountain repository.
86

 All progress on the Yucca 

Mountain project has essentially been shut off from funding, and only licensing for the 

site will continue to receive federal funding support until further review and analysis is 

completed by the blue ribbon panel.
87

 

The safety record of the US nuclear power industry has been acknowledged as 

remarkable with respect to public health, in comparison with other commercial energy 

technologies.
88

 The Three Mile Island accident has been the only incident of a 

commercial nuclear power plant reactor that caused serious injury and death during 

approximately 3,000 reactor years of operation in the United States.
89

 Of the 32,000 

people living in the vicinity of the reactor at the time of the incident, a study found that 

no significant increase in cancer rates of those residents had been found between 1979 

and 1998.
90

 

The outlook for the US nuclear power industry seems to have moved in a positive 

direction after decades of little to no advancing activity. However, recent trends in natural 

gas prices and the continuing lack of transparency in the federal loan guarantee default 

risk insurance premium have slowed the progress down significantly. The improved 

performance of existing reactors, the possibility of carbon emissions control legislation 

that could affect coal plants, and volatile prices for natural gas have prompted renewed 

electric industry consideration of the feasibility of building new reactors.
91

 

High construction costs pose a great obstacle to nuclear power industry expansion since 

no two reactors have the same design. Other countries with more government 

involvement make new nuclear plants on like designs to reduce the costs. The US nuclear 

industry and the Nuclear Energy Institute (NEI) have stated that new plants could be built 

at a lower cost if many of the same plants were built along similar designs.
92

 

US nuclear plant operating costs, as well as expensive downtime, have decreased 

significantly since 1990.
93

 However, this reduction in costs has not been substantial 

enough to move new plant construction forward. Although electric utilities and other 

firms have announced plans to apply for COLs, the nuclear renaissance‘s momentum has 

slowed. Currently, nuclear utility companies are merely holding the license applications 

open in the event costs are reduced and the market becomes difficult for GHG-emitting 

sources to operate. 

Despite the reduction in the cost of natural gas during the recession, some utility 

companies are moving forward with construction of nuclear reactors. However, this is 

due in part to the partnership and ownership that these companies have with the power 

distribution, as in the case in Georgia and South Carolina. Still, companies are submitting 

license applications in anticipation of a rise in comparable energy prices that would make 

nuclear energy more attractive. 

Nuclear energy is a viable resource to produce electricity and offers the option of a 

carbon-free energy source. Despite the high costs to build new nuclear power plants, the 

lifespan of inexpensive energy is attractive to an energy portfolio with the goal of 

reducing the carbon footprint. Nuclear energy companies have submitted over 30 requests 
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for new reactor construction across the United States. This expansion, coupled with the 

advancement in the technology to third- and fourth-generation reactors, has the potential 

to reduce the fears surrounding the technology and offer more electricity generation at a 

lower cost. 

France Case Study 

After the Organization of Petroleum Exporting Countries‘ (OPEC) oil embargo in 1973, 

France made the decision to invest in nuclear power to become more self-reliant for 

electricity. Nuclear power‘s share of the energy mix has grown steadily since 1977, and 

figure 0.9 shows France‘s electricity mix from 1971 to 2007. Nuclear power is clearly the 

largest wedge, gaining an increasing share since about 1977. 

France is often used as a case study when discussing the benefits and drawbacks of 

nuclear power generation on a large scale because France has become the nation most 

reliant on nuclear energy to fulfill its electricity demand. France has 58 nuclear plants 

connected to the grid, which produced approximately 418.6 TWh of electricity in 2007.
94

 

In 2009, France generated 75.1 percent of its electricity through nuclear power.
95

 This 

section seeks to explain why France has chosen to rely so heavily on nuclear power, how 

it has capitalized on the benefits, how it has dealt with the drawbacks, and what other 

nations can learn from the French nuclear program. 

France, unlike the United States, has been able to surmount many of the obstacles to 

nuclear power. While neither country has been able to deal adequately with potential 

problems of nuclear proliferation, France has been able to continue to develop its nuclear 

capabilities, standardize its nuclear plant fleet to better avoid accidents, use nuclear 

energy to supply more than just base load electricity, make progress towards nuclear 

waste disposal, and recycle a significant percentage of its nuclear waste.  

The French decision to begin their nuclear program had its roots in the cultural crisis 

following World War II. Having been successfully invaded so many times, the French 

people and government wondered if the glory of France had passed. Beginning under de 

Gaulle‘s leadership in the late 1950s, France relied on national planning, a strong state, 

and large-scale technological projects to develop a new glory.
96

 These three components 

have helped to produce France‘s nuclear power program, as nuclear power is an 

expensive, capital-intensive source of electricity. 

Further reasons for adopting nuclear are connected with fuel availability. Before the 

1970s, the majority of electricity in France came from oil-burning power plants.
97

 During 

the oil crisis in the 1970s, OPEC quadrupled the price of oil.
98

 This dramatic increase in 

the price of fuel for power plants put pressure on France to adjust its fuel mix. The 

French government sought energy independence from any natural resource in limited 

supply whose market could be easily controlled by a few countries. Because France has 

limited fossil fuel resources, it responded by investing heavily in nuclear energy. 

Over the course of 15 years after the oil crisis, France installed 56 nuclear reactors.
99

 

France‘s desire for energy independence and the argument over French sovereign control 
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of its energy resources contributed significantly to the relative ease of adopting nuclear 

technologies. The French government addressed fears of nuclear power through 

advertising campaigns emphasizing its benefits and encouraging citizens to view nuclear 

power as a safe choice.
100 

France also successfully turned nuclear power into a lucrative 

national export. Currently, France is the world‘s largest net exporter of electricity and 

earns over €3 billion per year from the sale of electricity to Belgium, Germany, Italy, 

Spain, Switzerland, and the United Kingdom.
101

 

When asked why they use so much nuclear power, the typical French response is ―no oil, 

no gas, no coal, no choice.‖
102

 Although France has very little domestic uranium, the cost 

of uranium is a small percentage of the per-unit cost of nuclear power. Two of the top 

three producers of the world‘s uranium today, Canada and Australia, are stable and 

friendly with France, so the relationship between supplier and customer is unlikely to 

change. Furthermore, uranium prices are usually low. As of November 2010, despite a 

higher than average price, the spot price was only $52 per pound of U3O8, or uranium 

oxide yellowcake.
103

 In comparison, the spot price of high-energy coal from central 

Appalachia was $71.15 per short ton at the end of October 2010.
104

 For comparison, a 

pound of U3O8 can produce more energy than a short ton of coal. 

French Nuclear Technology and Launch Trajectory 

In France, the standard reactor is the PWR. Two fast breeder reactors, the Phénix and 

Superphénix, were the exceptions; but both have been shut down. A pressurized water 

reactor is a type of light water reactor that uses ordinary water as a coolant and neutron 

moderator. Other coolants are gas, light metal, heavy metal, and salt. The neutron 

moderator is ―the material in the core which slows down the neutrons released from 

fission so that they cause more fission.‖
105

 Instead of light water, it can also use heavy 

water or graphite. Unlike in BWRs, the water inside a PWR is kept under 150 times 

atmospheric pressure to prevent it from boiling.
106

 See Figure 10.3, a diagram of a 

pressurized water reactor. 

The French nuclear industry‘s organization is very central and linear. This ―linear chain 

of command‖
107

 allows the government and the industry to make decisions and changes 

very quickly. Table 10.1 lists the companies responsible for nuclear power generation. 

Table 10.1 

Companies of the French Nuclear Industry, Past and Present 

Company Founded Now Owned by Area of Operation 

Framatome 1958 Areva (2001) Nuclear facility construction 

Cogema 1981 Areva (2001) Uranium processing, fuel assembly, reprocessing 

CEA 1945 Areva (2001) Research 

Areva 2001 Majority French 

government 

Entire nuclear fuel cycle, nuclear facility 

construction, operation, and management, and 

research 

EDF 1946 Majority French 

government 

Electricity production, transmission, and 

distribution 
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France‘s nuclear launch trajectory can be classified in two stages. During the first stage, 

when France ramped up nuclear power in the late 1970s, nuclear power was a secondary 

technology with uncontested launch. That is, France was already generating electricity, 

and nuclear was a new way to generate electricity. The launch was uncontested because 

the government initiated and saw through the entire process—there was no competition. 

The second stage was the new generation of French nuclear power as a secondary 

technology with contested launch. Framatome and Germany‘s Siemens developed the 

European Pressurized Water Reactor, or Evolutionary Power Reactor (EPR). In the 

second stage, nuclear power‘s launch is contested because new designs compete with old 

designs and other comparable electricity-generating methods, such as gas combined 

cycle. The EPR will be discussed after France‘s current generation of nuclear reactors is 

presented. 

Framatome designed the three types of PWRs that are in use in France: 900 megawatts 

electrical energy (MWe), 1300 MWe, and 1450 MWe N4.
108

 These reactors are 

Generation II reactors, and the EPR is a Generation III+ reactor. For comparison, in the 

United States, the most advanced research reactors are known as Generation IV reactors. 

The US (Westinghouse) Generation III+ equivalent to the EPR is the AP1000. Each 

French reactor undergoes inspection once every 10 years, and all reactors have passed 

their most recent inspection. EDF plans to assess the prospect of allowing all its existing 

reactors to operate for 60 years. 

In France, as in the United States, nuclear reactors are constructed with a certain lifespan 

in mind, and producers have licenses to operate for a certain time period. The current 

French fleet is fast approaching the end of its estimated life span. The plan was to replace 

the old reactors with new ones at the end of their life spans, but the French may choose to 

extend the reactor licenses so that the older reactors can continue to operate, thus giving 

them more time to develop newer reactors and other sources of electricity. Given the 

EPR‘s difficulties with cost and time, US experts believe France will choose to extend its 

reactor licenses.
109

 

The EPR improves on the earlier French N4 and German KONVOI designs in many 

ways. The N4 has an output of 1475 MWe, while the EPR‘s output is 1600 MWe. The 

core is larger, and the steam pressure is higher. The EPR takes its safety specifications 

from the KONVOI.
110

 The basic idea was to evolve a reactor taking the best qualities 

from each country‘s design, combining them, and making them better. The first EPRs are 

being built at Olkiluoto, in Finland, and at Flamanville, in France. The Flamanville unit‘s 

first power is expected in 2014, recently revised from 2012 due to construction delays.
111

 

A second EPR is planned for Penly, with construction beginning in 2012.
112

 In 

partnership with Areva, Chinese power companies are building two EPRs in Taishan, and 

the Chinese plan to build two more EPRs.
113

 

The EPR suffers, however, from several difficulties, foremost of which is that Areva 

began to build it while still designing it. Also, EDF had the experience in building, 

whereas Areva did not.
 114

 The Westinghouse AP1000 fares better than the EPR in 

several aspects. For example, the AP1000 has a passive safety system. According to the 
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Westinghouse website, ―a major safety advantage of passive plants is that long-term 

accident mitigation is maintained without operator action or reliance on off-site or on-site 

ac power.‖
115

 The EPR‘s safety systems, while passing, are bulkier than the AP1000. So, 

although the system to promote nuclear power is well developed in France, the 

technology is not necessarily the worldwide leader. 

French Nuclear Funding 

In France, funding for nuclear power projects flows from the central government. 

Although EDF and Areva are publicly traded companies, the French government still has 

a majority share in both firms. In effect, taxpayers foot most of the bill for the large 

capital costs of nuclear plants. ―France‘s nuclear power program has cost some FF 400 

billion in 1993 currency‖ (about equivalent to 61 billion Euros).
116

 EDF financed 50 

percent, the state invested 8 percent, and commercial loans covered the remaining 42 

percent.
117

 The new EPR at Flamanville is expected to cost €5 billion.
118

 

Since nuclear power was first introduced in France, the nuclear companies have needed 

no policy incentives because the central government has always owned the companies 

that build and operate nuclear facilities. The central government, in the form of CEA, 

decides what to research and fund, and Areva decides where to build. There are no 

competing private companies, and regional governments are less influential than the 

central government or municipalities.
119

 

The French nuclear regulatory agency is the Nuclear Safety Authority (ASN). It formed 

in 2006 from the merging of three other regulatory agencies, and now is an independent 

body reporting to the Ministers of Environment, Industry and Health. Its power is limited, 

in that its licensing decisions must obtain government approval. 

Benefits and Drawbacks 

Table 10.2 summarizes the benefits and drawbacks of nuclear power that will be 

discussed in detail below. The principal benefits of nuclear power include the lack of CO2 

emissions, solid waste products, modest waste amounts, and a plentiful and relatively 

inexpensive fuel source in uranium. The drawbacks are large capital costs, inability to 

follow the load, large water use, waste product radioactivity, and accident and 

proliferation risks. 
 

Nuclear energy becomes more attractive as an electricity source if a nation wants to 

reduce its carbon dioxide (CO2) emissions in order to reduce climate change. For 

example, in France, the European Union Emission Trading Scheme is in place. The 

scheme provides an economic advantage for power sources that do not produce CO2. 

Unlike coal- and natural gas-fueled electric plants, nuclear plants do not release any CO2 

during the production of electricity. There are CO2 emissions associated with the 

construction and maintenance of nuclear plants, as well as with the mining, enrichment, 

and transportation of uranium. However, over the course of the life of a nuclear plant, 

CO2 emissions are modest per kWh energy produced, especially when compared to 

emissions at coal and natural gas power plants. 
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Table 10.2 

Benefits and Drawbacks of Nuclear Power 

Benefits Drawbacks 

No CO2 released in electricity production Immense capital costs 

All waste contained in nuclear plant  Best used for base load power 

Small volume of waste for amount of 

electricity output 

Dependent on cooling water availability 

Plentiful global supply of uranium Radioactive waste 

Competitive cost per kWh Potential for highly destructive accidents 

 Nuclear proliferation 

 

Unlike the airborne byproducts of coal- or gas-fired power plants, solid nuclear waste is 

much easier to contain and store compared to the challenge of capturing and sequestering 

CO2 from a smokestack at a coal-fired power plant. That low-level and high-level 

radioactive wastes remain in the country of origin encourages environmentally 

responsible disposal of waste on a national scale. In contrast, it has been argued that, 

because CO2 is released into the atmosphere and impacts producers and non-producers of 

CO2 alike, the incentive a country has to minimize emissions is reduced. Nuclear waste is 

easier to control and thus is less likely to impact non-producers, especially if 

responsibility for handling it is given to a central authority. 

Nuclear power also has the advantage of uranium as a fuel source, as the waste volumes 

are modest compared to coal or oil. Uranium is compact: ―…a few pounds of fissionable 

uranium is all the fuel needed to run a big city for a year.‖
120

 Because the French 

reprocess low-grade nuclear waste (discussed further in the section on nuclear 

proliferation), the actual volume of nuclear waste in France is exceedingly small 

compared to other types of electricity production. French nuclear power plants produce 

only 10 grams per year per inhabitant of highly radioactive waste.
121 

The volume of waste 

for ―a family of four using electricity for 20 years is a glass cylinder the size of a cigarette 

lighter.‖
122

 

Another competitive advantage is that uranium is readily available. The wide availability 

of uranium is advantageous for France, which uses approximately 10,500 metric tons per 

year for electricity generation.
123

 In 2009, global uranium resources totaled 5,404,000 

metric tons (reasonably assured resources plus inferred resources up to US $130 per 

kilogram U).
124

 Many countries around the world have a share in uranium resources, with 

over half of the supply in four geographically and politically varied countries: Australia 

(31 percent), Kazakhstan (12 percent), Canada (9 percent), and Russia (9 percent).
125

 At 

2008 rates of consumption, total identified uranium resources are sufficient for over 100 

years.
126

 To make the outlook appear even better, values for known recoverable resources 

are likely to be conservative, and will likely increase with changing prices and new 

discoveries of deposits, as well as new methods of extracting uranium from seawater.
127

 

Finally, nuclear power is a relatively inexpensive electricity source on a cost-per-kWh 

basis. In 2009, the estimated cost of electricity in France from nuclear sources was EUR 
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4.3 cents per kWh.
128 

France, whose electricity mix comes primarily from nuclear 

sources, has a very low electricity cost compared to its neighbors. The International 

Energy Agency thus urged France in a mid-2010 regular energy review ―to take on a 

strategic role as provider of low-cost, low-carbon base-load power of the whole of 

Europe.‖
129

 Additionally, the back-end costs of nuclear energy—costs for reprocessing 

and waste disposal—are relatively low in France, about 5 percent of the total kWh 

cost.
130 

There are also six drawbacks to nuclear power: up-front cost, inability to follow the load, 

use of water for coolant, waste disposal, and accident and proliferation risks. 

One major drawback to nuclear power is the significant and highly variable capital cost 

of building a nuclear plant.
131

 The high variability of capital cost means that nuclear 

power is a riskier investment than other types of power plants with better known capital 

costs. As a result, to be cost effective, a nuclear power plant needs to achieve a high 

capacity factor so that capital costs can be paid back more quickly to reduce interest 

payments. The capacity factor is ―the ratio of the net electricity generated, for the time 

considered, to the energy that could have been generated at continuous full-power 

operation during the same period.‖
132

 The capacity factor consequently indicates how 

effectively the capital costs of equipment are being used; the higher the capacity factor, 

the better the use of capital costs. 

Because the nuclear reactor at the heart of a power plant is not easy to start, nuclear 

power is best used for base load power. It is uneconomical and technically challenging to 

use nuclear power to ―follow the load,‖ or ramp up (or down) electricity production as 

demand increases (or decreases). Load following is uneconomical for nuclear plants 

because if they are following the load, they are not running at full capacity, and 

consequently have low capacity factors. As explained above, load following for nuclear 

plants is less economical because nuclear has high capital costs but low operating 

costs.
133

 

Because nuclear power comprises such a large percentage of total electricity generation 

in France, some plants must follow the load in order to meet peak demand. The 

difference between base and peak load is so significant that some French nuclear plants 

even close on the weekends.
134 

As a result, French nuclear plants have a relatively low 

capacity factor by world standards, cited by the World Nuclear Association at 77.3 

percent.
135

 In contrast, nuclear plants in the United States do not follow the load. Instead, 

they provide base load electricity and produce at capacity factors consistently near 90 

percent. For example, in 2007, US nuclear plants had a capacity factor of 91.8 percent.
136

 

All French nuclear reactors connected to the electric grid are PWRs. The power output of 

PWRs can be varied two ways: (1) by lowering and raising the control rods, and (2) by 

adding boron to the cooling water.
 
Approach (1) causes the lower part of the fuel 

assemblies to be more reactive than the upper part. Approach (2) is effective for raising 

power output, but to lower output, ―the water has to be treated to remove the boron, 

which is slow and costly, and…creates radioactive waste.‖
137

 French PWRs use a 

modified version of approach (1). ―Grey‖ control rods, which have fewer neutrons than 
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standard control rods, are placed in the reactor and allow sustained variation in power 

output.
138

 However, the flexibility of power output in this scenario decreases as the fuel 

cycle nears completion. When the fuel cycle is approximately 65 percent complete, the 

reactors ―take a rapidly diminishing part in… load-following‖; when the fuel cycle is 

approximately 90 percent complete, ―essentially no power variation is allowed.‖
139

 

Nuclear reactors use water for cooling. Both PWRs and BWRs—the types of nuclear 

reactors prevalent in both France and the United States—―are about 33 percent efficient, 

meaning that for every three units of thermal energy generated by the reactor core, one 

unit of electrical energy goes out to the grid and two units of waste heat go to the 

environment.‖
140

 This waste heat can harm aquatic life. Additionally, the need for cooling 

water leaves nuclear plants dependent on the water levels in the rivers and lakes, which 

can pose problems in times of drought. For instance, France experienced a heat wave in 

the summer of 2003. Some rivers experienced a rapid rise in temperature, and some 

reactors had to scale back or shut down because of laws capping the maximum output 

temperature of cooling water reentering the body of water. The heat wave cost Électricité 

de France (EDF) an estimated €300 million.
141 

The issue of nuclear waste disposal is politically difficult even in France, a nation 

traditionally very receptive to nuclear power. In the 1980s, France began to explore sites 

in rural areas for the underground geological storage of the high-grade nuclear waste 

from power plants, but these efforts stalled in 1990 due to significant political 

backlash.
142

 Whereas French communities frequently welcomed new nuclear plants 

because of their economic benefit to the region, they disliked waste depositories and did 

not want to live next to a ―nuclear graveyard.‖
143

 The government language was changed 

to ―nuclear stocking center,‖ and public opinion changed dramatically. The new language 

emphasized the fact that the authorities would continue to be responsible for the waste, 

and the government will continue to monitor the waste.
144 

As in the United States, currently there are no existing facilities for long-term storage of 

short-lived high-level, long-lived high-level, long-lived intermediate-level, and long-lived 

low-level waste in France.
145

 Commissioning for the long-lived, low-level, near-surface 

repository is planned for 2019, and commissioning for repositories for the other types of 

waste mentioned above is planned for 2025.
146

 Currently, the waste is stored at facilities 

across France. According to Andra, France‘s National Radioactive Waste Management 

Agency, at the end of 2007 there were 1,121 registered radioactive waste sites.
147

 

There is potential for highly destructive accidents at nuclear facilities, such as the one 

that occurred at Chernobyl. In order to minimize the risk of an accident, each nuclear 

facility has a multitude of active and passive safety mechanisms in place to prevent 

accidents even when there are multiple systems failures. The Three Mile Island incident 

is an example of the success of these safety mechanisms. Despite multiple systems 

failures and operator errors, no loss of life and minimal environmental damage occurred 

as a result of the incident. 

In France, almost all nuclear reactors are built with the same PWR design from 

Westinghouse in order to reduce the chances of an accident. Design standardization is 
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advantageous because ―the lessons from any incident at one plant could be quickly 

learned by managers of the other 55 plants.‖
148

 

Concerns of nuclear proliferation, particularly concerns that terrorist groups will be able 

to obtain high-level nuclear waste and use it to build a nuclear weapon, have been 

prominent in the United States since the Carter Administration. Reprocessing nuclear 

waste allows 30 percent more energy to be extracted from the original uranium and leads 

to a great reduction in the amount of waste.
149

 However, reprocessing creates plutonium, 

which would be more dangerous in the hands of terrorists than the lower-level mixed 

wastes produced directly by nuclear reactors. As a result of these concerns, reprocessing 

of nuclear fuel is not allowed in the United States.  

In contrast, France has been reprocessing nuclear waste since the beginning of its nuclear 

program.
150 

The French argue that reprocessing nuclear waste discourages nuclear 

proliferation because it significantly reduces the amount of waste. Because the volume of 

waste is significantly lowered, waste is easier to track, monitor, and keep out of the hands 

of terrorists. EDF reprocesses approximately 850 metric tons of the 1200 metric tons of 

used nuclear fuel it generates each year. From these 850 metric tons of waste, 8.5 metric 

tons of plutonium and 810 metric tons of reprocessed uranium (RepU) are recovered.
151

 

However, France is investing research funds into a new reprocessing method, the Co-

extraction of actinides (COEX) process, which ―extracts plutonium and uranium 

together…eliminating any separation of plutonium on its own.‖
152

 

Conclusions 

France relies more heavily on nuclear power and reaps the benefits of nuclear power 

more than any other country in the world. For instance, France enjoys the environmental 

and economic benefits of low-CO2 emissions. France is also able to control the by-

products of its electricity generation because nuclear waste is easy to collect and is 

produced in small volumes. It benefits from the energy independence it has gained as a 

result of nuclear power; the uranium fuel supply is large, inexpensive, and secure because 

large deposits are located around the world. It can even export the excess electricity it 

produces. Finally, France benefits from low electricity costs because the cost per kWh for 

nuclear power is very competitive in Europe. 

France has taken steps to deal with many of the drawbacks to nuclear power. The 

ultimate disposal of nuclear waste poses political problems, and in France, underground 

storage facilities for long-lasting waste are planned to open between 2019 and 2025. In 

order to minimize the risk of accidents, France has chosen to use standardized PWRs in 

all of its facilities so that it is easier to learn from incidents. Future designs will also be 

standardized. Finally, France has chosen to reprocess fuel, arguing that by minimizing the 

volume of waste, it is minimizing the likelihood that the waste will fall into the wrong 

hands.  

Despite the internationally recognized success, the French nuclear story has a few 

lingering problems. The practice of load-following using nuclear power is an inefficient 

use of the capital invested, although it is necessary in France because a very large 
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percentage of its electricity is generated by nuclear power. Also, nuclear power‘s reliance 

on a large supply of cooling water causes problems during heat waves and droughts, as it 

did in France in 2003. In order for nuclear power to continue to be successful in France 

and be adopted on a large scale elsewhere, these challenges to nuclear power must be 

dealt with satisfactorily. 

Lessons Learned 

There are a few lessons that the United States can take from the French experience. The 

first is capital cost. The United States has chosen private financing with loan guarantees, 

the result of which is that nuclear power remains at 20 percent of US electricity 

generation. French financing is through taxpayers: the government supplies all necessary 

financing. French nuclear research and construction are even expanding, and Areva is 

partnering with power companies in China and India to build new reactors and supply 

uranium.
153

 

The second lesson is standardization. All of France‘s reactors comprise only three 

different designs, and when France decommissions all of its reactors to build new ones, 

they too will be of a standard design. Standardization not only reduces startup costs, it 

also allows repair and maintenance costs to be lower. Institutional knowledge in the 

nuclear industry is the same throughout France. In the United States, there is a 

hodgepodge of reactor designs, which raises costs and complicates decisions. 

The third lesson is ownership and a linear chain of command for the construction and 

operation of new nuclear plants. Everything related to nuclear power in France goes 

through the central government, and the French government pays for and owns all of its 

nuclear reactors. Unless the United States nationalizes, or at least streamlines its nuclear 

industry, it cannot achieve the ratio of supply that France has. Also, there is a single 

supplier for most nuclear materials—Areva, with no competitors or competing designs. 

The fourth lesson is carbon legislation. While somewhat out of the hands of the nuclear 

industry, carbon legislation at the European level allows France to expand its already 

low-carbon electricity source without paying the costs that new coal- or gas-fired plants 

would incur. The US nuclear industry would likely benefit from carbon legislation at the 

national level. 

Finally, the infrastructure in France was built all at once due to a perceived crisis. The 

United States currently perceives no such crisis that would cause all necessary opinions 

to change drastically. Since no crisis, or even swings in natural gas prices, can ever be 

predicted perfectly accurately, this lesson is simply illustrative of the French character 

and story, not to be taken as a suggestion. However, in order for the United States to 

similarly overhaul its electrical infrastructure, a similar change in opinion must also 

occur.  

The United States does have one advantage over France: it can rely on other sources of 

electricity such as natural gas and several renewables for load-following. France has 



 283 

fewer natural resources it can rely on to follow the load, so it must use nuclear power in 

that capacity. The US nuclear capacity factor is thus higher. 

Policy Recommendations 

According to NEI, federal loan guarantees for nuclear energy are an efficient way to 

motivate private companies to build nuclear power plants. The loan guarantees for fiscal 

year 2010 were simply not enough to stimulate an expansion of nuclear power, and not 

easy enough for companies to work through the process to request the loans.
154

  

In contrast, some other countries offer prospective private companies a complete package 

from the financing to the regulatory training required to operate the facilities. The NEI 

believes that a similar complete package is necessary for the United States to be 

competitive in nuclear energy. In most other countries building nuclear facilities, 

governments are more involved with construction and operation of those facilities.
155

 

NEI believes that both the United States and Europe are unlikely to see the rapid 

expansion of nuclear plants similar to those seen the 1970s and 80s. This unlikely 

expansion is primarily due to low natural gas prices and limits on loan guarantees that 

cannot support large-scale growth of the industry. Additionally, because of the 

availability of other natural resources, the US market does not require the rapid expansion 

seen in the past and therefore can handle a slower, deliberate increase of nuclear energy 

capacity. 

At this time, nuclear energy appears to be in a lull, waiting for three things to happen in 

order to move forward. First, the competitive energy market of natural gas makes the 

prospect of building nuclear sites too expensive. Second, the lack of congressional 

legislation on GHG emissions decreases the pressure for carbon-free sources of 

electricity. Finally, nuclear expansion requires an increase in the federal loan guarantee 

limit from the current $18.5 billion to the requested amount of $36 billion.
156

 Without 

these three elements, nuclear power is likely to languish in the United States. 

 



 284 

Notes
 

1
 Interview with Dr. Dale Klein, Associate Director, The Energy Institute, The University of Texas at 

Austin, Austin, Texas, February 3, 2011. 

2 
United States Department of Energy (DOE), Office of Science and Technology, The History of Nuclear 

Energy
 
(Washington D.C., 1994), pp. 4-6. 

3 
Ibid., pp. 6-7. 

4 
Ibid.

 

5 
Ibid.

 

6 
Ibid. 

7 
Ibid., p. 8.  

8
 Ibid. 

9 
Ibid., p. 9. 

10
 Ibid.  

11
 Ibid., pp. 8-9. 

12 
Ibid., p. 10 

13
 Ibid., p. 15. 

14
 Ibid., p. 18. 

15 
Ibid., p. 16. 

16 
Ibid., p. 17. 

17
 Ibid.

 
 

18
 Ibid., p. 18. 

19
 Ibid.

 

20 
World Nuclear Association, 2009 US Electricity Generation by Source. Online. Available: 

http://www.world-nuclear.org/info/inf32.html. Accessed: November 10, 2010. 

21 
Mark Holt, Nuclear Energy Policy Issue Brief for Congress (Washington D.C.:

 
Congressional Research 

Service, updated October
 
26, 2004), p. 1. 

 



 285 

 

22
 World Nuclear Association, Outline History of Nuclear Energy. Online. Available: http://www.world-

nuclear.org/info/chernobyl/inf07.html. Accessed: October 10, 2010.  

23
 Ibid.  

24 
Ibid. 

25 
United States Department of Energy, Nuclear Energy, Nuclear energy research and development 

roadmap Report to Congress (Washington, D.C., 2010), p. 8. 

26 
Holt, Nuclear Energy Policy Issue Brief for Congress, p. 2. 

27 
Ibid. 

28
 Ibid. 

29 
Ibid., p. 3. 

30 
Ibid., p. 2. 

31
 Ibid. 

32
 Ibid., p. 1. 

33
 Ibid. 

34
 Nuclear Association, Nuclear Energy in the USA. Online. Available: http://www.world-nuclear.org/ 

info/inf41.html. Accessed: October 10,
 
2010. 

35 
Ibid. 

36
 Ibid. 

37
 Nuclear Energy Institute, Nuclear Power Plant Contributions. Online. Available: http://www.nei.org/ 

resourcesandstats/documentlibrary/reliableandaffordableenergy/factsheet/nuclearpowerplantcontributions. 

Accessed: January 10, 2011. 

38 
Bechtel BWXT Idaho, LLC, US Job Creation Due to Nuclear Power Resurgence in the United States. 

Online. Available:
 
http://www.inl.gov/technicalpublications/Documents/3772069.pdf . Accessed: January 

10, 2011. 

39
 Ibid.  

40
 Holt, Nuclear Energy Policy Issue Brief for Congress, p. 1. 

41
 Ibid., p. 3. 

 



 286 

 

42 
Ibid. 

43
 Ibid. 

44
 Ibid. 

45
 Ibid. 

46
 Ibid., p. 4. 

47
 Ibid. 

48 
Ibid., p. 5. 

49 
Shah Abhishek, ―Why has Nuclear Energy hit a wall in the developed world?‖

 
Green World Investor 

(October 2010). Online. Available: http://greenworldinvestor.com/2010/10/11/why-has-nuclear-energy-hit-

a-wall-in-the-developed-world. Accessed: January 10, 2011. 

50
 Ibid. 

51 
Mark Peters, ―Constellation Nuclear Energy Project Snags,‖ Wall Street Journal Business (October 

2010). Online. Available: http://online.wsj.com/article/SB1000142405274870444240457554241315517 

8010.html. Accessed: January 10, 2011. 

52
 Ibid. 

53 
Matthew L. Wald, ―Sluggish Economy Curtails Prospects for Building Nuclear Reactors,‖ New York 

Times (October 10, 2010), pp. 1-2. Online. Available: http://www.nytimes.com/2010/10/11/business/ 

energy-environment/11power.html?_r=1&pagewanted=2. Accessed: November 10, 2010. 

54
 Ibid. 

55
 Telephone interview with Leslie Kass, Senior Director, Business Policy and Programs, Nuclear Energy 

Institute, February 16, 2011. 

56
 Wald, ―Sluggish Economy Curtails Prospects for Building Nuclear Reactors‖ (online), pp. 1-2. 

57 
Ibid. 

58
 Ibid. 

59
 Ibid. 

60 
Ibid. 

61
 Ibid. 

 



 287 

 

62 
Ibid.

 
 

63
 Ibid. 

64 
Ibid. 

65
 Ibid. 

66 
Ibid. 

67 
Holt, Nuclear Energy Policy Issue Brief for Congress, p. 5. 

68
 Ibid. 

69 
Ibid. 

70
 Ibid., p. 1. 

71 
Ibid. 

72 
Ibid., p. 5. 

73
 Ibid. 

74
 Ibid. 

75 
Ibid., p. 3. 

76
 Ibid., p. 4. 

77
 Massachusetts Institute of Technology, Update of the MIT 2003 Future of Nuclear Power. Online. 

Available: http://web.mit.edu/nuclearpower/. Accessed: January 10, 2011.  

78
 Holt, Nuclear Energy Policy Issue Brief for Congress, p. 12. 

79
 Ibid. 

80
 Ibid.

 
 

81
 Ibid. 

82
 Ibid. 

83
 Ibid. 

84 
Ibid. 

 



 288 

 

85
 Ibid., p. 2. 

86 
Ibid. 

87
 Ibid., p. 13. 

88
 Ibid. 

89
 Ibid. 

90 
Ibid. 

91 
Ibid., p. 3. 

92 
Ibid., p. 4. 

93
 Ibid., p. 2. 

94 
Nuclear Energy Agency, Country Profile: France. Online. Available: http://www.nea.fr/general/ 

profiles/france.html. Accessed: September 12, 2010. 

95 
Ibid. 

96 
Gabrielle Hecht, The Radiance of France: Nuclear Power and National Identity after World War II 

(Cambridge, MA: MIT Press, 1998), p. 31.
 

97
 Jon Palfreman, ―Why the French Like Nuclear Energy,‖ Frontline. Online. Available: http://www. 

pbs.org/wgbh/pages/frontline/shows/reaction/readings/french.html. Accessed: September 12, 2010.  

98
 Ibid.  

99 
Ibid. 

100 
Ibid. 

101 
World Nuclear Association, Nuclear Power in France. Online. Available: http://www.world-nuclear. 

org/info/inf40.html. Accessed: September 12, 2010. 

102 
Interview with Dr. Dale Klein. 

103
 The Ux Consulting Company, UxC Nuclear Fuel Price Indicators. Online. Available: http://www.uxc. 

com/review/uxc_Prices.aspx. Accessed: November 2, 2010. 

104
 United States Energy Information Administration, Coal News and Markets Report. Online. Available: 

http://www.eia.doe.gov/cneaf/coal/page/coalnews/coalmar.html. Accessed: November 2, 2010. 

 



 289 

 

105 
World Nuclear Association, Nuclear Power Reactors. Online. Available: http://www.world-nuclear. 

org/info/inf32.html. Accessed: October 17, 2010. 

106 
Ibid. 

107
 Interview with Dr. Dale Klein. 

108
 World Nuclear Association, Nuclear Power Reactors (online). 

109
 Interview with Dr. Dale Klein. 

110
 International Atomic Energy Agency, Andrew Teller, The EPR™ Reactor: Evolution to Gen III+ based 

on proven technology (February 2, 2010), slide 2. Online. Available: http://www.iaea.org/NuclearPower/ 

Downloads/INPRO/Files/2010-Feb-DF-WS/15-Teller.pdf. Accessed: February 15, 2011. 

111
 World Nuclear Association, Nuclear Power in France (online). 

112
 Ibid. 

113
 Ibid. 

114
 Interview with Dr. Dale Klein. 

115
 Westinghouse Electric Company LLC, Passive Safety-Related Systems. Online. Available: 

http://www.ap1000.westinghousenuclear.com/ap1000_safety_psrs.html. Accessed: February 15, 2011. 

116
 World Nuclear Association, Nuclear Power in France (online). 

117
 Ibid. 

118 
Ibid. 

119 
CERVL-Institut d‘études politiques de Bordeaux and University of Nottingham, Andy Smith and Paul 

Heywood, Regional Government in France and Spain (August 2000), p. 4. Online. Available: 

http://www.ucl.ac.uk/spp/publications/unit-publications/64.pdf. Accessed: November 20, 2010.
 

120
 Palfreman, ―Why the French Like Nuclear Energy‖ (online). 

121 
Embassy of France in Washington, Nuclear Energy in France. Online. Available: http://ambafrance-

us.org/spip.php?article949. Accessed: September 12, 2010. 

122 
Palfreman, ―Why the French Like Nuclear Energy‖ (online).  

123 
World Nuclear Association, Nuclear Power in France (online).

 

 



 290 

 

124 
World Nuclear Association, Supply of Uranium. Online. Available: http://www.world-

nuclear.org/info/inf75.htm. Accessed: September 13, 2010.
 

125 
Sasha Henriques and Jan Slezak, ―Uranium Fuels the Present and Future,‖ International Atomic Energy 

Agency. Online. Available: http://www.iaea.org/NewsCenter/News/2010/uraniumfuels.html. Accessed: 

September 13, 2010.
 

126 
World Nuclear Association, Supply of Uranium (online)

.
 

127 
Ibid. 

128 
Ibid.

 

129 
Ibid.

 

130
 United States Energy Information Administration, Nuclear Power: 12 percent of America’s Generating 

Capacity, 20 percent of the Electricity. Online. Available: http://www.eia.doe.gov/cneaf/nuclear/page/ 

analysis/nuclearpower.html. Accessed: September 13, 2010. 

131
 Ibid. 

132
 United States Nuclear Regulatory Commission, Capacity Factor. Online. Available: http://www.nrc. 

gov/reading-rm/basic-ref/glossary/capacity-factor-net.html. Accessed: September 13, 2010. 

133
 World Nuclear Association, Nuclear Power in France (online).

 

134
 Ibid. 

135
 Ibid. 

136 
Nuclear Energy Agency, Country Profile: United States. Online. Available: http://www.oecd-nea. 

org/general/profiles/usa.html. Accessed: September 12, 2010. 

137 
World Nuclear Association, Nuclear Power in France (online). 

138
 Ibid. 

139
 Ibid. 

140 
Union of Concerned Scientists, Got Water? Nuclear Power Plant Cooling Water Needs (December 4, 

2007), p. 2. Online. Available: http://www.ucsusa.org/assets/documents/nuclear_power/20071204-ucs-

brief-got-water.pdf. Accessed: September 13, 2010. 

 



 291 

 

141
 James Kanter, ―Climate Change Puts Nuclear Energy into Hot Water,‖ The New York Times (May 20, 

2007). Online. Available: http://www.nytimes.com/2007/05/20/health/20iht-nuke.1.5788480.html. 

Accessed: September 13, 2010. 

142
 Palfreman, ―Why the French Like Nuclear Energy‖ (online).  

143
 Ibid.  

144 
Ibid.  

145 
Andra, Waste Classification. Online. Available: http://www.andra.fr/international/pages/en/menu21/ 

waste-management/waste-classification-1605.html. Accessed: September 12, 2010. 

146
 Ibid. 

147 
Ibid. 

148
 Palfreman, ―Why the French Like Nuclear Energy‖ (online).  

149 
World Nuclear Association, Nuclear Power in France (online). 

150 
Ibid. 

151
 Ibid.

 

152 
Ibid. 

153
 Helene Fouquet, ―France, India in $9.3 Billion Accord for Areva to Build Nuclear Reactors,‖ 

Bloomberg (December 6, 2010). Online. Available: http://www.bloomberg.com/news/2010-12-06/sarkozy-

pushes-for-areva-reactor-accord-to-help-meet-india-s-power-needs.html. Accessed: February 25, 2011. 

154
 Telephone interview with Leslie Kass. 

155
 Ibid. 

156
 Ibid. 



292 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(page intentionally left blank) 

 



 293 

Chapter 11.  Solar Water Heating 

Executive Summary 

Solar water heating refers to the ability to heat water using thermal energy from the sun.  

Hot water may be used for many applications, however for the purposes of this report, we 

will primarily focus on its use in the residential context for domestic purposes such as 

bathing, washing clothes, and cleaning dishes. Currently, most American households heat 

their water with either electric or gas powered heaters, appliances which account for a 

significant portion of a home‘s overall energy use. In 2005, about 20 percent of all 

household energy consumption was comprised of energy for water heating.
1
  In addition, 

the use of electric water heaters makes up a substantial portion of overall electricity use 

in the United States. Although fewer than half of American homes use electric water 

heaters, residential water heating still accounted for about 9 percent of all electricity used 

in the US as of 2001.
2
 

Solar water heating technology should be considered a mature technology that has existed 

for centuries, and been refined over the course of the last several decades. Although there 

are several potential benefits to increasing the use of solar water heaters, substantial 

barriers exist that prohibit more widespread levels of adoption and market penetration. 

This chapter discusses all of these aspects in greater detail as well as provide a launch 

trajectory of solar water heating and provide general policy recommendations. 

Technology Overview 

The concept of harnessing the sun‘s energy for everyday use is several centuries old and 

the purposes of this harnessed energy varied from growing crops to the heating of food 

and water. In 1767, Swiss scientist Horace de Saussure built the first solar collector using 

a glass-covered insulated pine box with smaller boxes placed inside of it.
3
 This small and 

simple device could heat the contents of the innermost boxes to about 228 degrees 

Fahrenheit.
4
 De Saussure‘s solar heater never achieved widespread use even though the 

basic concepts of his design are still in use today. 

In 1891, the first patent for solar water heaters was awarded to Clarence Kemp, a 

businessman and inventor from Baltimore. Kemp called his invention the Climax and 

achieved modest success, although the technology had one obvious flaw: without direct 

sunlight, the tanks lost all their heat. Therefore, the water inside the tanks that took all 

day to heat did not retain heat at night. The solution to this problem led to the creation of 

William J. Bailey‘s 1909 Day and Night Solar Water Heater.
5
 

Bailey‘s solar water heater consisted of an exposed heating element and an insulated 

storage unit located inside the owner‘s home.
6
 The heating element resided in a ―glass-

covered box‖ that attached to the storage unit via narrow pipes that were attached to 

black sheets of metal.
7
 This allowed the heater to heat the water more quickly since the 

narrow pipes reduced the volume of water heated at a given period.
8
 Moreover, because 
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the storage unit was located inside the house and insulated, the water retained its heat 

longer.
9
 Bailey‘s improvement upon Kemp‘s Climax is the basis for the most widely used 

solar water heater today. 

Today, there are many varieties of solar water heaters that may be segmented based on 

several components such as type of collector, use of external power, closed vs. open loop 

systems, and type of heating element.
10

 The wide variety of system designs and 

components reflect the importance of using the appropriate type of heater for the specific 

conditions it is to be used in. For example, while warmer climatic regions may be able to 

directly heat the water with the sun‘s rays, in climates susceptible to freezing, it is 

necessary to use an intermediate heating fluid (solar fluid) to transfer solar heat to the 

water. The following section describes some of the different types of solar water heaters 

on the market today.  

Collectors 

One common way to differentiate solar water heaters is based on the type of solar 

collectors used to heat the water. The collectors harness the sun‘s energy and use its 

radiation to heat water or a solar fluid.
11

 There are generally three types of solar 

collectors: flat plate collector, evacuated-tube collector, and the concentrating collector. 

The first and most common solar collector is the flat plate collector (see Figure 11.1). 

 

Figure 11.1 

Flat Plate Solar Collector 

 

Source: Flat Plate Solar Collectors, Solar Water heating. Online. Available: http://www.flasolar.com/ 

active_dhw_flat_plate.html.  Accessed: October 5, 2010. 



 295 

The flat plate collector‘s design is similar to Bailey‘s Day and Night Solar Water Heater, 

with pipes attached to a black sun-absorbing plate which is situated inside a glass-

covered box. The plate transfers heat to the fluid moving inside the pipes.
12

 Flat plate 

collectors typically range in size from 4 feet wide by 8 feet long to 4 by 10 feet and 3 by 

8 feet, with a depth range of 4 to 6 inches.
13

 They generally operate in a temperature 

range from below 0ºF to 180ºF and they possess the capability of shedding snow when 

used in climates prone to freezing temperatures.
14

 Today‘s flat plate collectors contain 

either water or a solar fluid, such as antifreeze, that encounters and heats water.
15

 

Common types of solar fluids include water, antifreeze, propylene-water mix, ethylene-

water mix, synthetic oil, and silicone oil.
16

 Using a heat transferring fluid, as opposed to 

directly heating the water, allows the collector to operate under cold, harsh conditions. 

The next solar collector is the evacuated-tube (see Figure 11.2). The name evacuated-

tube comes from the action of removing, or evacuating, the air between the tubes. 

Removing the air adds efficiency by assisting in the prevention of heat loss.
17

 The 

absence of air creates an excellent insulation which allows the absorber plate to achieve 

higher temperatures.
18

 This evacuated tube consists of a number of glass tubes, made of 

annealed glass with an absorber plate located inside each.
19

  

 

Figure 11.2 

Evacuated-Tube Collector 

 

Source: Green Terra Firma, Evacuated Solar Tube Collector. Online. Available:  http://greenterrafirma. 

com/evacuated_tube_collector.html. Accessed: October, 5 2010. 
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Evacuated-tube collectors can use three different means to heat the fluid traversing the 

glass tubes. They can use a riser tube, a hollow pipe, or a solid metal rod, any of which 

attach to the absorber plate.
20

 In the riser tube configuration, the riser tube is fixed firmly 

to the absorber plate with each tube ending attached to a manifold.
21

 The heating process 

occurs when solar fluid circulates each tube.
22

 The hollow pipe configuration uses an 

attached absorber plate and solar fluid to assist in the heating process.
23

 The third 

configuration use a solid metal rod attached to the absorber plate, which extends out of 

the glass tubes and into the manifold.
24

 The solid rod conducts heat passing it through the 

manifold and heating the solar fluid circulating through the manifold.
25

 

The third type of solar collector (see Figure 11.3) used in today‘s solar water heaters is 

the concentrating collector. This collector uses mirrored surfaces to concentrate sunlight 

onto pipes that contain a heat-transfer fluid.
26

 To increase effectiveness, concentrating 

collectors must continually track the sun.
27

 Because of the need to track and focus the 

sun‘s energy, concentrating systems tend to be more expensive than the aforementioned 

systems.
28

 In addition, the precision of tracking mechanisms and the durability of 

reflectors represent issues commonly found in concentrating systems.
29

 One last issue 

regarding these systems is that the water they heat is generally too hot for use.
30

 

 

Figure 11.3 

Concentrating Solar Collector 

 

Source: The Encyclopedia of Alternative Energy and Sustainable Living, Concentrating Solar Collector . 

Online. Available: http://www.daviddarling.info/encyclopedia/C/AE_concentrating_collector.html.  

Accessed: October 5, 2010. 
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Solar water heating systems fall into two categories, active or passive. The characteristic 

distinguishing the active systems from passive systems (see Figures 11.4 and 11.5 

respectively) is that active systems use pumps to circulate fluid throughout the system, 

requiring an external power connection, while passive systems do not.
31

 Because passive 

systems to do not require an external power source, they tend to be more reliable, less 

costly, and easier to maintain than active systems.
32

 

Solar water heaters use one of two types of systems to heat water, indirect systems or 

direct systems.
33

 In direct systems, the solar water heater‘s collector directly heats the 

water while in an indirect system solar fluid circulates through a collector into a heat 

exchanger that heats the water.
34

 Solar water heaters may incorporate an open-loop 

system or a closed-loop system. Open-loop systems use collectors to heat water 

circulated by a pump making it both an active and direct system.
35

 Closed-loop systems, 

however, use the solar fluids and a heat exchanger to heat water making it an indirect 

system.
36

 Three solar water heaters that use variations of the aforementioned systems are 

integral collector storage heaters, drainback heaters and closed-loop antifreeze. 

 

Figure 11.4 

Active Solar Water Heater Diagram 

 
Source: United States Department of Energy, Solar Water Heaters. Online. Available:      

http://www.eere.energy.gov/basics/buildings/water_heaters_solar.html. Accessed: October 7, 2010. 
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Figure 11.5 

Passive Solar Water Heater Diagram 

Source: United States Department of Energy, Solar Water Heaters. Online. Available:     

http://www.eere.energy.gov/basics/buildings/water_heaters_solar.html.  Accessed: October 7, 2010. 

 

Launch Trajectory 

The technology for solar water heaters has been established for decades and successfully 

applied in many contexts throughout the world. Incremental improvements to the 

technology should be able to make the systems even more efficient, but the barriers to a 

more widespread market entry are currently more related to awareness, acceptance, and 

policy issues rather than technical hurdles. Solar water heaters compete mainly with gas 

and electric heaters, and often use electric heat as a backup for when the sun alone does 

not provide sufficient heating.  For these reasons solar water heaters fall under the 

category of ―incremental innovations for conservation and end-use efficiency‖ as 

described by Weiss and Bonvillian.
37

 

Benefits of Solar Water Heaters 

In the United States, there are both environmental and economic benefits associated with 

the use of solar water heaters. An increase in the use of solar water heaters can reduce 

greenhouse gas emissions through a decreased reliance on natural gas and coal powered 

electricity for water heating purposes. Additionally, homes and businesses may be able to 

realize relatively short payback periods and benefit from reduced energy costs for many 

years thereafter. Both the environmental and the economic benefits will be discussed in 

detail. 
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Environmental Benefits  

Solar water heating provides environmental benefits not found with electric or natural gas 

water heaters. One such environmental benefit is the reduction in air emissions that 

occurs from substituting fossil fuels used to generate electricity needed to heat water in 

favor of solar energy.
38

 These emissions are primarily sulphur dioxide (SO2), nitrogen 

oxides (NOx), and carbon dioxide (CO2).
39

 

SO2 and NOx are produced by the combustion of fossil fuels common in energy related 

activities, and are the primary causes of acid rain.
40

 There are several negative effects 

associated with acid rain including the acidification of lakes and streams, damage to trees 

and buildings, as well as the damage caused to outdoor statues and sculptures.
41

 

CO2, a greenhouse gas, traps energy from the sun, causing the earth‘s atmosphere to 

absorb and retain heat. Too much CO2 causes the earth‘s temperature to rise, changing the 

planet‘s climate in the process. The US Environmental Protection Agency (EPA) 

identifies the combustion of coal, oil and natural gas as the largest producers of CO2.
42

 

The US Department of Energy estimates that switching from an electric water heater to a 

solar water heater avoids 50 tons of carbon dioxide emissions in the atmosphere over 20 

years.
43

  

Economic Benefits 

DOE states that solar water heaters will usually result in long-term financial benefits by 

sharply reducing the amount of money spent on traditional water heating sources.
44

 

Depending on a number of factors, it is estimated that by installing a solar water heater, 

annual energy use for water heating will decrease by 50 to 80 percent.
45

 This can lead to 

attractively short pay-back periods, although the exact return on investment time will be 

dependent on a number of factors including average water usage, system performance, 

geographic location solar radiation, availability of financing and incentives, and 

conventional fuel costs (natural gas, oil, and electricity).
46

 

It should also be noted that the economics of solar water heaters are the most attractive 

when buying a new house or re-financing a home. The DOE has calculated that the price 

of including a new solar water heater in a 30-year mortgage ranges from about $13-$20 a 

month, which can be reduced by $3-$5 a month based on the federal income tax 

reduction for installing a solar system.
47

 This leaves the total system cost at about $10-

$15 a month, not including additional subsidies or support from municipalities or states.
48

 

At this monthly cost, if energy savings are greater than $15 a month the systems will be 

immediately profitable. 

Barriers, Costs, and Challenges  

The use of solar water heaters in the United States faces several barriers that are 

preventing the industry from challenging the traditional gas and electric hot water 

heaters. Significant challenges for solar water heaters include high up-front costs, lack of 
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education and public awareness, and the difficulties of implementing the right mix of 

policies to foster widespread adoption.  

The price range for solar water heaters in the United States can range between $2,000 and 

$8,000 depending on the size of the residential system and the installation needs.
49

 Even 

after a 30 percent federal tax incentive and other possible state or municipal government 

subsidies, these systems generally still carry a higher upfront cost than traditional gas or 

electric water heaters. Although this initial investment will be recouped through energy 

savings over the course of several years, this relatively high up-front cost still represents 

a substantial barrier for adoption at the household level.  

A related barrier may be due to ambiguity related to the actual payback periods and rate 

of return for individual systems. The amount of time it may take for a system to pay for 

itself through the reduction of energy costs (such as for gas or electricity) varies 

significantly in different contexts and is highly dependent on a number of variables. The 

difficulty of issuing an accurate, specific, and broadly applicable payback period may be 

a further impediment to individual‘s choice of whether to purchase this technology.
50

 

(See Figure 11.6.) 

 

Figure 11.6 

Integral Collector Storage 

 

Source: House Energy Organization, ISC Batch Solar Water Heater. Online. Available: http://www.house-

energy.com/Solar/ICS.htm. Accessed: November 2, 2010. 
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The lack of education and public awareness of solar energy represent additional 

challenges for solar water heaters. According to the Environment Texas Research & 

Policy Center, ―knowledge barriers are among the most fundamental impediments to the 

accelerated deployment of solar energy.‖
51

 This lack of knowledge regarding solar 

energy and solar water heaters may prevent consumers, homebuilders, plumbers, and 

other professionals from using solar water heaters.
52

 In addition, homeowners‘ 

associations might prevent the installation of solar water heaters on rooftops.
53

  

Freezing temperatures and the sun‘s intermittency represent further problems for solar 

water heaters. To negate the former problem, some solar water heating systems use an 

antifreeze type heat-transfer fluid.
54

 However, these fluids degrade over time, causing the 

need for a professional to change the fluid and adding to the maintenance cost of the 

system.
55

 To correct the problem of intermittent sun, a traditional gas or electric system is 

almost always installed as a backup. The amount of energy that needs to be provided by 

the backup in order to heat water for a year again depends on a number of factors such as 

water use, climate, and efficiency of the equipment being used.  

China Case Study 

China‘s solar water heating industry started in 1980s with a focus on low-income families 

residing in small towns and the rural countryside.
56

 Today, China maintains the largest 

market for solar water heaters worldwide, and does so with no buyers‘ side financial 

incentives.
57

 This possibility exists because China has an abundant amount of solar 

resources throughout many parts of its country, it maintains a large solar hot water 

heating market, it has the ability to mass produces cheap solar hot water heating systems, 

and because it remains a country with poor security of alternative energy sources.
58

 

China‘s solar hot water heating industry grew rapidly beginning in the 1990s and is still 

growing today.
59

 Successful firms manufacturing low-cost solar water heaters helped 

build China into the world‘s largest market for the rooftop solar water heaters.
60

 Three 

types of solar hot water heaters are predominant in China and they are the flat plate, 

combined storage and evacuated tube collectors.
61

 Evacuated tube collectors, however, 

own a majority of the market at 88 percent.
62

 In 2006, between 30 million and 40 million 

Chinese families owned solar water heaters and nearly 200 million people used them for 

hot showers and for warm water to clean clothes and dishes.
63

 

China owes its growth in the solar hot water heating industry to four factors: an increase 

in demand for hot water and increased income, lack of or insufficient supply of electricity 

or gas, the reliability and practical cost of solar hot water heaters compared to electric and 

gas water heaters, and a rise in public awareness regarding environmental protection.
64

 

Even though China has not created policies promoting solar hot water heaters, Chinese 

developers are beginning to incorporate solar hot water heaters in building designs.
65

 

China faces two key constraints in its ability to further the development of solar hot water 

heaters. The first constraint involves China‘s mass production process.
66

 This process 

lacks the technology for China to realize an advantage of economies of scale causing 

demand in some parts of the country to outweigh supply.
67

 The second key constraint is 
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the installation process of integrated solar hot water heaters.
68

 In China, consumers 

purchase and install most of the solar hot water systems in use.
69

 Without the use of 

professional installers to install solar hot water heaters, installation problems may 

occur.
70

 In addition, the lack of enforcement of industry standards allows for problems in 

product quality.
71

 

Israel Case Study  

Israel began researching solar energy during the 1950s under the guidance of its first 

Prime Minister, David Ben-Gurion.
72

 The National Physics Laboratory located in 

Jerusalem took lead in the research with aim of addressing the issue of solar energy.
73

 In 

1953, Levi Yissar, with the support of Prime Minister Ben-Gurion, created Israel‘s first 

solar water heater company, the Neryah Company.
74

 Between 1957 and 1967, Israel‘s 

solar water heater industry grew, selling approximately 50,000 solar water heaters.
75

 

Solar water heaters gained increased popularity in Israel after the 1973 Arab-Israeli War, 

a conflict that caused oil prices to rise sharply.
76

 

As of 2007, approximately 85 percent of Israel‘s 1,650,000 households used a solar 

water-heating device.
77

 The thermosyphonic solar hot water system is the most common 

type of system in use throughout Israel.
78

 This type of system is a passive system that 

consists of one or two flat plate collectors and an insulated storage tank.
79

 For most of 

Israel, solar water heating will supply its full demand for hot water for a 9-10 month 

period per annum.
80

 

Solar hot water heaters cost an average Israeli family approximately $700.
81

 This cost 

includes a 150-liter storage tank and two to three square meter flat plate collectors.
82

 

These systems usually come with a six to eight year manufacturer‘s warranty, and if 

maintained properly the service life of the system may exceed 12 years.
83

 The equivalent 

electric water heater, however, costs approximately $300 on average. Israeli families who 

purchase solar water heaters typically make up the $400 difference within about four 

years.
84

 In addition, the average family using a solar water heater saves 1,250 kilowatts 

per year while the country saves approximately 1.6 billion kilowatts per year due to 

domestic solar water heaters.
85

 

Despite Israel‘s widespread household use of solar water heaters, its industrial and 

commercial sectors use little solar energy.
86

 Some benefits associated with the industrial 

and commercial sectors use of solar water heating are: 

 the industrial and commercial sectors generally work during daylight hours, 

decreasing the need for storage facilities relative to individual households; 

 large industrial installations see the capital advantages associated with economies 

of scale; and  

 the industrial and commercial sector possess the technical skills needed to 

adequately maintain solar water heaters.
87
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Mexico Case Study 

Mexico currently uses about 230 petajoules of energy per year on low-temperature 

(below 100˚C) water heating.
88

 The residential sector accounts for the majority of this 

use, followed by the industrial and agricultural sectors; water heating accounts for a total 

of about 6 percent of national energy consumption.
89

 Fossil fuels provide the main source 

of fuel for water heating, with liquid petroleum and natural gas being the two largest 

sources of fuel.
90

 The current method of water heating emits approximately four million 

tons of carbon dioxide each year.
91

 Moreover, the method of purchasing and delivering 

gas tanks may be a source of additional problems. The tanks are delivered to individual 

buildings as needed with large trucks, contributing to emissions, traffic, and delays in 

refilling gas tanks. The Secretary of Energy has estimated that if Mexico used the full 

potential for solar water heating, it would save consumers around $400 million a year in 

fuel costs.
92

 

Although a small number of companies have been producing solar water heaters in 

Mexico for at least 40 years, a major policy report written in 2007 was designed to 

substantially increase the number of solar water heater installations. This program is 

called the Program for the Promotion of Solar Water Heaters in Mexico, and appears to 

have achieved success in increasing the amount of solar water heaters being used in the 

residential sector. The policy was designed to develop a domestic solar water heating 

industry by strengthening government actions related to regulation, subsidies (for both 

end-users and industry), and public awareness of solar water heaters.
93

 

A large part of the program is being implemented through the national mortgage lending 

agency, Infonavit. New homeowners can receive additional financing for the purchase of 

a packet of ―eco-technologies.‖ The bulk of the price of this package of home features is 

comprised of a solar water heater, which has been calculated to reduce the energy bill of 

the average home by about 170 pesos a month.
94

 Overall, this program appears to be on 

track to meet the original goals of reaching a total of 1.8 million square meters installed 

by 2012.
95

 However, as has been noted from other countries, measuring success purely in 

terms of meters installed may not account for other factors such as energy efficiency or 

how many of these systems are properly installed or defective.  

Global Solar Water Heating Policies 

Throughout Asia and Europe, countries use a number of policies to influence the use of 

domestic solar water heaters. Policies vary in the types of incentives provided to 

individual households owning and operating a solar water heater system. Subsidies, tax 

credits, tax deductions and legislation mandating the use of solar water heaters are several 

such policies.
96

 

As of 2008, subsidies were the most common international policy type used to incentivize 

the use of solar hot water systems.
97

 Subsidies may fall into two categories, subsidies 

related to collector area and subsidies related to collector or system performance.
98

 In 

Germany, its Market Stimulation Program (MSP) provided an incentive based on 
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collector area.
99

 In 2006, the MSP provided an incentive of 105 Euros per m
2
 for solar hot 

water heater systems with a collector area no greater than 200m
2
.
100

 As a result, collector 

area subsidies covered approximately 15 percent of the investment costs.
101

 In upper 

Austria, collector area subsidies represented approximately 20 percent to 30 percent of 

total investment with a maximum subsidy of 3,000 Euros.
102

 Several European countries 

use performance-based subsidies including Sweden, the Netherlands, and Australia.
103

 

However, in Sweden, as solar hot water heater system performance increased, so did the 

price of the system.
104

 In addition, performance-based subsidies are difficult to monitor 

because thermal output from a solar water heater is difficult to measure reliably.
105

 

Tax credits and complete or partial tax deductions provide another means in which 

countries incentivize consumers to purchase solar water heaters. Tax credits assist solar 

water heater owners by reducing their tax liability. In 2005, France changed its solar 

water heating policy from a direct investment incentive to a 40 percent tax rebate that is 

recoverable through personal income tax credit.
106

 Today the tax credit, known as the 

sustainable development credit, provides a 50 percent credit.
107

 In response to its tax 

credits, the French market grew in 2005 more than 100 percent to an approximate solar 

collector area of 122,000 square meters.
108

  Tax deductions, in contrast, allow owners to 

subtract system costs, reducing the owner‘s tax base.
109

 Greece, which began issuing tax 

deductions in the late 1970s, has experienced a growth in its solar collector area from 

approximately 1.7 million square meters of collector area installed in 1990 to 2.8 million 

in 2004.
110

 

A mandatory solar water heater policy is another policy method used to increase the use 

of solar water heaters. Israel instituted its mandatory policy during the 1980s and today, 

90 percent of Israeli homes have solar water heaters.
111

 

United States Solar Water Heating Policies  

The United States uses a tax credit approach to support the growth in use of domestic 

solar water heaters. President Jimmy Carter began the tax credit policy in 1978 when he 

signed into law the Energy Tax Act (see Table 11.1).
112

  

 

Table 11.1 

US Solar Tax Credit Incentives 

Policy Year Incentive 

Energy Tax Act 1979 Established a 15%  solar tax credit.
113

 

Tax Reform Act  1986 Allowed residential solar tax credits to expire.
114

 

Energy Policy Act 2005 Established a 30% nonrefundable personal tax credit, not to exceed 

$2,000 for solar water heating property expenditure.
115

 

Tax Relief and 

Healthcare Act  

2006 Increased the tax credit through date to December 31, 2008.
116

 

Emergency Economic 

Stabilization Act 

2008 Extended through 12/31/2016 the 30% individual tax credit for 

residential solar electric expenditures; eliminated residential solar 

electric tax credit cap of $2,000.
117
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The Energy Tax Act provided a 15 percent tax credit for the use of solar energy.
118

 

However, President Ronald Reagan began phasing out the tax credit in 1986.
119

 From 

1986 to 2004, no significant changes occurred regarding policies to incentivize the use of 

solar water heaters. 

Between 2005 and 2006, President Bush signed into law two acts that reinstituted the use 

of tax credits to incentivize the use of residential solar hot water heaters: the Energy 

Policy Act of 2005 and the Tax Relief and Healthcare Act of 2006.
120

 The former policy 

increased President Carter‘s tax credit from 15 percent to 30 percent and added a tax 

credit cap of $2,000.
121

 In addition, the act provided a termination date of December 31, 

2007.
122

 The latter of the two policies kept the tax credit percentage and cap the same but 

it increased the termination date to December 31, 2008.
123

 In 2008 with the signing of the 

Emergency Economic Stabilization Act, President Bush eliminated the residential tax 

credit cap of $2,000, increased the termination date to December 31, 2016, and kept the 

tax credit percentage at 30 percent.
124

 

Throughout the United States, individual states use different policies to promote the use 

of solar water heaters including tax incentives, property tax incentives, sales tax 

incentives and rebates.
125

 Twenty-four states provide tax credits for residents who own a 

solar energy system.
126

 New York allows for a tax credit equaling 25 percent of the cost 

for solar water heater with a maximum credit amount of $5,000.
127

 Property tax credits 

exist in 34 states as well as Puerto Rico.
128

 In Oregon, the tax credit equals the amount of 

increase in property value from installing a solar water heater.
129

 Twenty-seven states 

provide sales tax incentives for the purchase of a solar water heater.
130

 New Mexico 

issues gross receipts deduction for the sale and installation of a solar hot water heater 

before the calculation of the gross receipt.
131

 Another type of policy incentive used to 

promote the installation and use of solar water heaters is the rebate According to the 

Database of State Incentives for Renewables and Efficiency (DSIRE), 23 states provide 

rebate incentives.
132

 

In addition to the federal tax credits for the residential use of solar water heaters, the State 

of Texas provides a property tax appraisal exemption. The amount of the exemption 

equals the increase in appraised value that occurs from the installation of the solar 

device.
133

 Several utility companies and cooperatives provide residential customer 

incentives (see Table 11.2) for the use of solar water heaters including Austin Energy. 

The incentives provided to customers throughout Texas vary in type and amount. Bryan 

Texas Utilities for instance provides different types of incentives ranging from rebates to 

0 percent loan options.
134

 CPS Energy of San Antonio provides its customers a maximum 

allowable rebate of $2,000 calculated by multiplying the Solar Rating Certification 

Corporation (SRCC) listed savings by a rate of $0.60.
135

 The Guadalupe Valley Electric 

COOP (GVEC), on the other hand, provides its customers a flat rebate of $1,000 per solar 

water heater.
136
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Table 11.2 

Texas Solar Water Heater Incentives 

Utility Organization Incentive Type Description 

Austin Energy Rebate $1,000 on new construction residence; 

$1,500 on existing construction
137

 

Austin Energy Loan option Home improvement loans: 7% interest rate 

over 3, 5, 7, or 10 year term; 

Personal loans: 7% interest rate over 3 or 5 

year term;  

Participants may elect to finance the 

outstanding balance after the rebate under 

this option  

Maximum loan of $5,000  

Additional 2% interest rate (added to base 

rate) for credit scores of 639 and below
138

 

Bryan Texas Utility Rebate Same as Austin Energy
139

 

Bryan Texas Utility  Loan option Same as Austin Energy
140

 

CPS Energy Rebate Maximum allowable rebate of $2,000 

calculated by multiplying the Solar Rating 

Certification Corporation (SRCC) 

calculated savings by $0.60
141

 

City of Denton Rebate Installation rebate equaling 50 percent of 

invoice up to $300 
142

 

Guadalupe Valley 

Electric COOP 

Rebate $1,000 per solar water heater
143

 

Oncor Electric Delivery Rebate Reduces installed system‘s costs between 

$1,400 to $2,700, depending on  predicted 

energy performance
144

 

 

Austin, Texas 

Most residences in Austin currently heat their water with piped-in natural gas.
145

 Several 

areas of the city, however, use electric water heaters, a much more fuel intensive 

method.
146

 Indirect active systems are probably the most common form found in Austin. 

These systems use a small pump to circulate a transfer fluid such as glycol or even 

distilled water, which in turn heats the potable water. While indirect systems are not as 

efficient as directly heating the water, this is a necessary precaution to account for the 

possibility of freezing. A direct heating method that uses a plastic that can flex in order to 

accommodate bulges associated with freezing water is currently under development
147

 

There are two main policies affecting Austin residents‘ ability to finance and afford a 

solar thermal system. The first is a municipal level policy offered by Austin energy that 

will offer up to a $2,000 credit for any home switching from electric to solar heaters. As 

the majority of residents do not have electric water heaters, this seemingly would not 

apply to them. However, both contractors and Austin Energy recognize that it is possible 

to first convert the existing system to electric, and thereby become qualified for the 

$2,000 credit. This process is reported to cost significantly less than $2,000, making at 

least part of this credit available to all Austin Energy customers. Austin Energy also 
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offers the option of obtaining a 10-year, interest-free loan of up to $5,000 instead of the 

credit. 

These local subsidies are given in addition to a tax rebate of 30 percent of the total 

system cost provided by the US federal government. However, there is some debate as to 

whether this federal subsidy is to be applied before or after the rebate from the city is 

taken off. This relationship between the two policies can significantly impact the overall 

price of the equipment to consumers.  

Austinites currently using electricity-based water heaters have the potential to accrue the 

most savings by switching to solar water heaters. Using numbers well within the average 

range, a consumer can purchase a hot water heater for a final price of $2,000, while 

currently spending $40 per month (for a four-person home) on electric water heating. 

Assuming a solar water heater efficiency of seventy percent (Department of Energy 

estimates are from 50-80 percent
148

 but Austin has relatively high solar insolation), this 

would lead to savings of $28 per month. At this rate, it would take around six years to 

recoup the cost of the heater. As heaters are normally guaranteed for ten years, and can 

last up to 40, this could represent a significant amount of long-term savings.  

Analysis of Success and Failures 

A wide variety of policies designed to encourage the use of solar water heaters have been 

employed at different levels of government, achieving varying levels of success. Some of 

these policies include collector-area-based subsidies, performance-based subsidies, tax 

credits, tax reduction, and mandatory policies.
149

 

When examining the success or failure of specific policies, it is necessary to understand 

that these policies were implemented in a specific local context, and any basis of the 

success or failure of that policy will have to account for the specific conditions of that 

place. With this in mind, we can examine some policies which have been implemented 

and achieved various degrees of success. 

While there is limited data available to analyze policy effects at the municipal level, it 

should also be noted that most municipal policies serve as a complement to the broader 

national policy, as would be the case in Austin.  

Collector-area-based Subsidies 

Subsidies based on the area of installed collectors have been implemented in many places 

such as Germany and Upper Austria. In general, this system of subsidies has been 

successful in increasing the overall penetration of the technology into the market, but 

does not indicate or support increasing cost or energy efficiencies of the systems being 

installed.
150

 In other words, by simply subsidizing the heaters based on the area of the 

heater installed, there is little incentive to sell the most cost- or energy-efficient heaters, 

simply to sell the most. The performance-based subsidies attempt to rectify this 

shortcoming. 
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Performance-based Subsidies 

Performance-based subsidies have been implemented in countries such as Sweden, 

Holland, and Australia to varying degrees of success.
151

 The main difficulty with this 

approach lies in the ability to accurately assess system performance without actually 

monitoring individual systems.
152

 Several countries such as Sweden and New Zealand 

have developed computer models that account for the tested performance of the type of 

system being used and the geographic location of the installation to assess the potential 

energy gains of the installed systems. This has proven effective in increasing both the 

area of collector installed as well as the collector performance in Sweden.
153

 

Tax Credits  

France is an example of a country that has used tax credits as a policy tool. Under the 

French system, customers received up to 50 percent of their purchase back in tax credits 

in 2005,
154

 making these systems the most heavily subsidized in Europe.
155

 Due to this 

generous policy, as of 2008, France had the highest growth of SWH sales in Europe.
156

 A 

particularly positive aspect of the French plan was that it tied the financial incentives to 

compliance with a set of quality standards of both installation and the system itself. 

Tax Reduction 

Greece provides an example of a country who has implemented a system in which 

investment costs related to purchasing a solar water heating system could be deducted 

from the personal income tax, resulting in overall savings of up to forty percent.
157

 This 

policy was accompanied by large publicity and information campaigns. The result was 

highly positive with around 25 percent of the country using solar water heaters in their 

homes.
158

 

Mandatory Policies 

The most effective policy at instigating widespread adoption of solar water heating 

technology is the use of mandates requiring all new construction to install solar water 

heaters, such as in Israel.
159

 However, while this method may provide an efficient way to 

achieve rapid increase in technology adoption, it needs to be weighed against the possible 

negative impacts it may cause as well. Across the board mandates do not take into 

account the different ways this policy may affect citizens of various economic levels. 

Low-income housing developments for example may not be able to afford them right 

away requiring a careful policy regarding financing mechanisms. At the national level, 

mandates must also account for differing levels of solar insolation in different regions of 

the country. 

General Policy Recommendations 

It should come as no surprise that in many contexts, the rate of technology adoption is 

directly related to the amount of financial benefit offered by the government.
160

 With this 

in mind, the key component of a successful policy appears to be the ability to provide the 



 309 

largest incentives as possible in order to make the systems financially viable with a short 

payback period for households. However, while the offer to pay substantial subsidies, or 

offer similar amounts in tax breaks, is a useful policy for attracting consumers to the 

market, this is only one step in actually getting a significant market response. 

These subsidies must also be effectively communicated to the public. While these 

systems do have environmental benefits, the majority of customers seem to be more 

concerned with the financial benefits,
161

 so this aspect is what should be emphasized and 

clearly stated in any publicity campaign. 

While it is important to communicate these policies and benefits to homeowners, it 

should also be taken into consideration that as long as qualified private businesses are in 

operation in the area, these contractors, builders, and installers are really the entities with 

the most incentive to inform the public and grow the market. This fact should also be 

leveraged and ideally the policymakers and interested private companies can maintain 

open communication and work together to increase the size of the market. One example 

of the power of a business to change the overall market landscape is in Austin, Texas,  

where a generous subsidy program has been in place since 2006.  

While overall public awareness is still a barrier, Austin Energy has several marketing 

efforts and places informative brochures inside of regular energy bills. Despite this 

program of generous subsidies and marketing, according to Tim Harvey at Austin 

Energy, ―the market (for solar water heaters) has been slow and steady for quite a while. 

Then recently we‘ve had a company come in that‘s really aggressively marketing their 

product within our program. And they have brought in more applications in the last four 

months that we had in the previous two years.‖
162

 This quote suggests the importance for 

governments to not only communicate with homeowners, but also with contractors who 

have the incentive to expand the market. In this case, the emergence of one contractor 

with an aggressive marketing and sales approach has led to a dramatic shift in the local 

demand for subsidies, and thus a reallocation of funds by Austin Energy to increase the 

number of subsidies they can give. While over the course of the past several years, 

demand for Austin Energy solar water heating subsidies have been within the budgeted 

50,000, a sharp increase in demand beginning in the fall of 2010 has led Austin Energy to 

increase the subsidy budget to $400,000 for this year.
163

 

One area that seems to be often overlooked is the financing of the systems. If the 

contractor or installer is a small business, it may be very difficult to offer a reasonable 

payment plan for their clients. One contractor in Austin, for example, explained how as a 

new business they did not have the cash flow to be able to offer their clients a financing 

plan beyond a six-month time frame. If customers need a longer time to pay for the 

system they must pay through a third-party lender who charges interest of around 15 

percent.
164

 While subsidies help mitigate the upfront costs, as long as these costs are still 

higher than traditional systems, a government supported financing plan may be an 

additional policy mechanism to consider. Austin Energy does have a policy in place that 

offers a zero interest loan to buyers; however, consumers almost never use this loan 
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option is almost never used by consumers.
165

 One option for policymakers to consider 

would be a subsidy and access to low-interest financing. 

Conclusions 

Solar water heating is a proven technology that has been implemented in various contexts 

and locations throughout the world. Research has shown that solar water heating 

technology provides positive net impact regarding the environmental life cycle 

assessment as well with the economical return on investment. Although this technology is 

mature, it has not achieved high levels of market penetration, and the overall potential for 

growth remains high.  

Many countries and regions with relatively high levels of solar insolation have 

implemented a number of policies designed to encourage the use of solar water heaters. 

These policies include different forms of tax rebates, subsidies, regulatory policies, and 

financing incentives. The right policy mix needs to be evaluated on a case by case basis 

and municipal policy should act as a compliment to any existing federal policies. 

Additionally, it is important that the relationship between the federal and the municipal 

policy should also be clearly and explicitly published. While exact payback periods vary 

based on the specific context in which the technology will be used (policies, climate, 

prior heating methods), attractive payback periods of between three and seven years are 

realistic for many households. 
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Chapter 12.  Feed-In Tariffs 

Executive Summary 

A feed-in tariff (FIT) is an electric utility rule to pay producers for any renewable 

electricity generated. These payments, which may be mandated by law, are set over a 

given time period and may be customized based upon a renewable energy type, energy 

source, or the utility. No two FIT programs need be alike, as each is crafted to serve 

distinct ends under differing circumstances. 

A feed-in tariff in effect allows anyone who can invest and install renewable energy 

systems, from homeowners to small companies to large corporations, to earn money by 

producing energy. These policies encourage producers through a guaranteed payment to 

generate renewable electricity to be fed back into a grid. Feed-in tariff policy 

differentiation by technology can be used to promote specific policy goals and to 

encourage production from the most viable sources.
1
 

The price paid to the renewable energy producer is typically set over a specified length of 

time at a rate that provides the producer with an incentive to generate power. It can be 

differentiated based on the renewable energy technology, scale of the operation, resource 

quality, or location of the project.
2
 Contract length is normally between 15 to 25 years 

long and is closely tied to the policy goals of the project.
3
 

There are many options to set the level of feed-in tariff payments, such as payment based 

on the cost of generating renewable energy plus a potential profit for the producer. 

Another option is to estimate the value of the renewable energy produced either to the 

utility company or to the public. A third option is to determine price through auction-

based mechanisms.
4
 A fixed-price incentive, which does not take into account cost or 

value of renewable energy, is a fourth option. This option can be further differentiated 

into a fixed-price feed-in tariff payment or a premium-price feed-in tariff payment.  

There are multiple options for funding feed-in tariff policies. These include passing on 

the extra cost to consumers in the form of an increased rate, tax revenue, carbon auction 

revenues, or utility tax credits.
5
 Table 12.1 lists the cases discussed in this chapter. 

Background 

Feed-in tariffs are policy incentives, sometimes referred to as pricing laws, used to 

promote renewable energy alternatives. They have been used most successfully in 

Europe, especially Germany and Spain. Under these incentives, electric utilities pay 

independent renewable energy producers for generated electricity at a set rate over a 

specified time period.  
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Table 12.1 

Summary of Feed-in Tariff Policies 

Country or Region Technology Type of Payment 

Germany  Hydropower, landfill gas, sewage gas, mine gas, 

biomass, geothermal, wind, solar 

Fixed 

Spain Wind, geothermal, biomass, biogas, hydropower, solar Fixed or premium 

China Solar, wind Premium 

Australian Capital 

Territory 

Solar, wind, and any other source determined by 

minister 

Premium 

South Australia Solar Fixed 

Northern Territory 

(Australia) 

Solar Fixed 

California Wind Fixed 

Vermont Solar PV, hydropower, landfill gas, farm methane, wind, 

and biomass 

Fixed 

Washington  Solar PV, solar thermal, wind, anaerobic digestor Fixed 

Gainesville, Florida Solar PV Fixed 

San Antonio, Texas Solar  Fixed 

Sources:  Miguel Mendoça, David Jacobs, and Benjamin Sovacool, Powering the Green Economy: The 

Feed-in Tariff Handbook, (London: Earthscan, 2010) pp. 82, 86, 98, 99; Paul Gipe, ―Renewable 

Energy Policy Mechanisms,‖ Wind Works (2006), p. 18. Online. Available: http://wind-works.org/ 

FeedLaws/RenewableEnergyPolicyMechanismsbyPaulGipe.pdf.  Accessed: October 22, 2010; 

National Renewable Energy Laboratory (NREL), Toby D. Couture and Karlynn Cory, State Clean 

Energy Policies Analysis (SCEPA) Project: An Analysis of Renewable Energy Feed-in Tariffs in the 

United States (June 2009), pp. 11-12. Online. Available: http://www.nrel.gov/docs/fy09osti/45551.pdf. 

Accessed: October 1, 2010; Paul Gipe, ―Grading North American Feed-in Tariffs,‖ Wind Works (May 

2010). Online. Available: http://www.wind-works.org/FeedLaws/USA/Grading percent20N.Am. 

percent20FITs percent20Report.pdf. Accessed: October 17, 2010; Gainesville Regional Utilities, 

―GRU Reopens Solar FIT Oct. 4,‖ GRU (September 27, 2010). Online. Available: http://www.gru. 

com/AboutGRU/NewsReleases/Archives/Articles/news-2010-09-27.jsp. Accessed: October 17, 2010; 

and CPS Energy, Solartricity – Share the Sun with CPS Energy. Online. Available:  http://www.cpsen 

ergy.com/Services/Generate_Deliver_Energy/Solar_Power/Solartricity. Accessed: October 1, 2010. 

 

The United States Public Utilities Regulatory Policies Act of 1978 (PURPA), under the 

National Energy Act, paved the way for FIT policy. This law, passed in response to the 

energy crisis of the 1970s and aimed at encouraging renewable energy, authorized utility 

companies to pay for energy generated by non-utility producers. Implementation was left 

to the states, with California taking the lead. During the 1980s, California utilities 

charged consumers higher rates in order to pay for long-term, fixed-payment contracts 

with renewable energy producers. As a result of these efforts, California had become the 

leading producer of renewable energy in the world during the 1980s.
6
 Approximately 

1,200 megawatts (MW) of wind capacity was installed during this period and ―for two 

decades these wind turbines have delivered about 1 percent of the state‘s electricity.‖
7
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Although the United States initiated feed-in tariff policy through PURPA, Germany led 

the way in implementing successful policies supporting alternative energy development. 

Germany‘s success can be attributed to social and political support that helped sustain the 

feed-in tariffs and overcome many of the obstacles that have plagued other FIT 

programs.
8
 While Germany had enough fossil fuel power in the form of coal and lignite, 

the 1970s oil crisis stimulated research into alternative energy sources. Concerns about 

the environmental impact of fossil fuels further encouraged alternative sources of power 

and the policies to promote them.
9
 Germany‘s Electricity Feed-In Law of 1990 

(Stromeinspeisungsgesetz or StrEG) represented Europe‘s entry into feed-in tariff policy. 

This law required German electric utilities to purchase electricity from independent 

energy producers at a percentage of the retail price of electricity. It also required utilities 

to purchase a certain percentage of this type of electricity and capped production facilities 

at 5 MW of electricity generation.
10

 

Germany‘s FIT policy has led to rapid development of clean energy sources. Today, the 

problem is not one of a shortage of alternative energy production, but perhaps one of an 

excess of production. Wind and biomass energy generation has also enabled Germany to 

reduce its carbon emissions, employ thousands of people, and increase Germany‘s share 

of renewable energy consumption.
11

 German feed-in tariffs have made Germany a world-

leader in solar energy generation with a 47 percent share of the solar heating market.
12

 

The growth of solar energy production has been so rapid that capacity could reach the 

level of the country‘s weekend power consumption by the end of 2011.
13

  

Configuring Feed-In Tariff Programs 

A given FIT can be designed to promote the objectives of the entity implementing the 

program.
14

 Thus, when structuring a feed-in tariff, the first step is to identify the program 

goals. Once the program‘s objectives have been identified, officials can begin 

considering the structure options for the FIT program. While program designers must 

make a number of decisions to create and implement a FIT program, the seven 

fundamental decisions are described in this section (see Table 12.2). 

 

Table 12.2 

Seven Decisions when Designing a Feed-In Tariff Program 

Decisions Options 

What projects are eligible? Type of renewable energy 

Participant type 

Size of the project 

Vintage 

Generator location 

Will there be caps? Program size cap 

Project cost cap 

Total policy cost cap 

What will be the payment design? Fixed-price 

Premium price 
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How will the price be set? Actual, levelized cost of renewable energy generation 

―Value‖ of renewable energy generation 

Fixed-price incentive 

Auction or bidding process 

How will the price be adjusted? Predetermined tariff digression 

Responsive design 

Adjusted for inflation 

What will be the contract duration? A fixed period of time 

Who will own the renewable energy 

credits? 

Renewable energy generator 

Purchasing utility 

Sources:  National Renewable Energy Laboratory (NREL), Toby D. Couture, et al., A Policymaker’s Guide 

to Feed-in Tariff Policy Design (July 2010), pp. 68-83. Online. Available: http://www.nrel.gov/docs/ 

fy10osti/44849.pdf. Accessed: October 1, 2010; and California Energy Commission, Robert Grace, et 

al., Exploring Feed‐in Tariffs for California, pp.15-19. Online. Available: http://www.energy.ca.gov/ 

2008publications/CEC-300-2008-003/CEC-300-2008-003-D.PDF. Accessed: October 01, 2010.  

 

Although FIT programs vary widely due to differing objectives and circumstances, there 

are some common FIT characteristics. First, tariff incentives are provided for a range of 

producers, from individual consumers to utility companies.
15

 Second, the tariff benefits 

the producer by covering expenses and providing a more secure return on investment.
16

 

Lastly, the renewable energy producer is given access to the electric grid.
17

 

While these are common FIT characteristics, they are not universal. Feed-in tariffs are 

configurable, enabling nations, states, cities, and utility companies to promote a variety of 

agendas, as outlined in Table 12.3. While the fundamental objective of most FIT 

implementations is to promote renewable energy, FITs can be structured to promote other 

goals, including job creation, redevelopment of outdated renewable energy production 

facilities, or the implementation of new technologies. 

 

Table 12.3 

State Policy Drivers for Feed-In Tariff Implementations 

State Policy 

Drivers 

Specific State Policy 

Objectives 

FIT Policy 

Impacts 
Notes 

Economic 

Objectives 

Job creation High Due to the guaranteed terms and low 

barriers to entry offered by FIT policies, 

they have been highly successful at 

driving economic development and job 

creation. 

Fixed-prices for renewable energy 

sources can also help stabilize 

electricity rates. 

Economic development High 

Economic transformation High 

Stabilize electricity prices Moderate 

Lower long-term electricity 

prices 

Low/ 

Moderate 

Grow the state economy High 

Revitalize rural areas High 

Attract new investment High 

Develop community 

ownership 

High 

Develop future export 

opportunities 

High 
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Environmental 

Objectives 

Clean air benefits Moderate The rapid RE development seen in 

jurisdictions with FIT policies has 

helped reduce the environmental 

impacts of electricity generation, while 

providing valuable air quality and other 

environmental benefits. 

Differentiating FIT payments by 

resource type can also target various 

biomass waste streams. 

Greenhouse gas emissions 

reduction 

Moderate 

Preserve environmentally 

sensitive areas 

Low 

Minimize human impacts of 

energy development 

Moderate 

Manage waste streams 

(biogas, landfill gas, biomass, 

agricultural wastes, forestry 

wastes, etc.) 

High 

Reduce exposure to carbon 

legislation 

Moderate 

Energy 

Security 

Objectives 

Secure abundant future energy 

supply 

High Well-designed FIT policies can 

improve overall energy security by 

helping diversify energy supply and 

helping domestic energy resources be 

more widely harnessed. 

Reduce long-term price 

volatility 

High 

Reduce dependence on natural 

gas 

Low/ 

Moderate 

Promote a more resilient 

electricity system 

Moderate 

Renewable 

Energy 

Objectives 

Rapid renewable energy 

deployment 

High By creating favorable conditions for 

renewable energy market growth, FIT 

policies can help jurisdictions meet 

renewable energy targets. 

FIT policies have also helped countries 

move toward a green energy economy. 

Technological innovation High 

Drive renewable cost 

reductions 

High 

Meet RPS targets High 

Reduce fossil fuel 

consumption 

Moderate 

Provide base-load generation Low/ 

Moderate 

Stimulate green energy 

economy 

Low/ 

Moderate 

Reduce barriers to renewable 

energy development 

Moderate/ 

High 

Source: National Renewable Energy Laboratory (NREL), Toby D. Couture and Karlynn Cory, State Clean 

Energy Policies Analysis (SCEPA) Project: An Analysis of Renewable Energy Feed-in Tariffs in the 

United States (June 2009), p. 20. Online. Available: http://www.nrel.gov/docs/fy09osti/45551.pdf. 

Accessed: October 1, 2010. 

 

Decision 1: What Projects are Eligible? 

To serve the goals identified, officials will determine what projects will be eligible for the 

feed-in tariff. There are many different project classes that can be used to manage a FIT 

program and ensure funds are targeted. While project eligibility constraints can take a 

number of different forms, some of the more common constraints are listed below. 



 326 

Type of Renewable Energy  

Officials may promulgate a specific definition of renewable energy generators and allow 

all entities meeting that definition to participate. Alternatively, eligibility may be 

restricted to a list of specific renewable energy sources. Restricting participation helps 

ensure that FIT funds are applied to projects with the highest likely returns based upon 

the resource richness of the FIT‘s coverage area. 

Participant Type 

Officials may decide to limit the entities that may participate in the FIT. There is some 

evidence that programs with a wide range of eligible participant types—from individual 

citizens to communities to utilities—experience less opposition than those with restricted 

participation.
18

 

Size of the Project  

Participation in the FIT can also be restricted based upon project size, defined either as a 

minimum generation capacity (eligible generators must have at least a minimum 

capacity) or a maximum generation capacity (eligible generators cannot exceed a 

capacity limit). While a maximum limit encourages distributed generation and provides a 

mechanism to control program growth and costs, it also has the potential to result in the 

fission of larger projects into smaller projects that fall beneath the limit.
19

 

Vintage 

Officials can encourage new renewable energy generation by setting parameters around 

participation in a FIT based upon the age, or vintage, of the generator. Using the year the 

generator came online as a demarcation point, these objectives can be done by limiting 

participation to new generators, or to generators that came online after a certain date. 

Officials can also apply a ―qualification life‖ standard, under which existing generators 

can participate in the FIT, but the contract period is shortened by the amount of time the 

generator was online prior to the FIT‘s implementation.
20

 

Generator Location 

To manage the distribution of generation facilities, FITs can restrict participation to 

certain geographical locations. This can be important when a particular section of the grid 

is overloaded, or when resource quality in a particular area is too low to merit the 

involvement of FIT funds.
21

  

Decision 2: Will There be Caps?  

To control growth and costs, and to monitor progress, officials may opt to include upper 

limit in a FIT policy. There are three common types of caps: program size caps, project 

cost caps, and total policy cost caps. 
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Program Size Cap 

A size limit enables officials to control the growth of the program and contain total 

outlays by setting a maximum amount of renewable energy capacity or electricity 

generation that can be developed under the FIT.
22

 Program size caps take the form of 

shorter-term increments that allow officials to control the growth of the program and to 

monitor the FIT‘s performance. Where demand to participate in the FIT exceeds the 

program cap, a participation waiting list can develop.  

Project Cost Cap 

Under a project cost cap, a given project or owner can only receive up to a pre-

established total FIT payment in a given time period. Under an annual FIT limit, projects 

or owners who reach the payment ceiling during a given year would again be eligible for 

the FIT when a new year began. Such a cap can help limit payments to projects and 

control the cost of the program.  

Total Policy Cost Cap 

Another mechanism to control costs is to simply limit the program cost of the FIT. A 

total policy costs cap involves setting a ceiling on the total ratepayer impact or budgetary 

allocation, depending on how the program is funded.
23

 

Decision 3: What Will Be the Payment Design? 

The payment design of a FIT plays a strong role in its effectiveness and flexibility. While 

some FIT programs offer a choice between the two primary payment models, fixed-price 

and premium price, most programs only offer one. Of these, program designers more 

commonly select the fixed-price model than the premium price model.
24

  

Fixed-price 

Fixed-price FITs involve per-unit payments independent of the electricity market in that 

they offer a fixed-price per kilowatt hour (kWh). These fixed-prices serve as a purchase 

guarantee for generators, and can be differentiated to promote specific agendas. As a 

result, designing a fixed-price tariff requires consideration of a number of factors, 

including technology type, installation capacity, resource quality, and generation value to 

market based upon the project‘s location.
25

 This fixed price may be constant over the life 

of the contract, or may be higher at the beginning of the contract and lower at the end of 

the contract. The price may take into account the time of delivery to reflect higher values 

at peak consumption times.  

Premium Price 

Premium-price FITs offer a premium, or set margin, over the spot electricity market 

price.
26

 Under a premium-price FIT, there normally is not a purchase guarantee. Either 

the premium or the total payment may depend upon the market price of electricity. 
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Premium price FITs can also be differentiated by technology type, fuel type, and project 

size to ensure a cost-based payment.
27

 To mitigate the effects of extreme market swings, 

premium price FITs may include payment caps and floors to reduce risk for generators 

should the price of electricity drop, or prevent windfall profits in the event of a price 

increase.  

Decision 4: How Will the Price be Set? 

FIT payments can be calculated using one of four methodologies: Actual, levelized cost 

of renewable energy generation; Value of renewable energy generation; Fixed-price 

incentive; and Auction or bidding process. These options are discussed below.  

Actual, Levelized Cost of Renewable Energy Generation 

Under this model, costs can be calculated either by conducting market research and 

analysis, or by applying the profitability index method (PIM) to determine the targeted 

profitability of a specific project. The objective of this approach is to set FIT payments at 

rates that ensure profitability.  

Value of Renewable Energy Generation 

In the United States, the standard price established by PURPA was the ―avoided cost,‖ or 

―the cost the utility would have incurred if it had self-supplied, or bought from a third 

party, the products and services (such as capacity and energy).‖
28

 

Fixed-Price Incentive 

A fixed-price incentive is independent of either the avoided cost or the levelized cost of 

generation.
29

  

Auction or Bidding Process 

Auctions can be used to enable the market to determine the price paid through the FIT.
30

 

Decision 5: How Will the Price be Adjusted? 

To respond to market changes, the fixed-price offered to new participants may be revised 

periodically through a review process. To reduce administrative costs, increase 

transparency, and reduce risk for participants, programs may be established with a 

mechanism to modify tariffs in a predictable fashion. This may occur through a 

predetermined tariff digression. Tariff digression involves establishing targeted dates or 

capacities that, once reached, trigger an incremental reduction in the tariff.
31

  

Tariffs may also be reduced through a ―responsive‖ design, wherein a given year‘s tariff 

is based upon the market conditions of the previous year. For example, if annual installed 

capacity was within an expected target range, the following year‘s tariff would not 

change. If installed capacity fell below the target range, the tariff would increase by an 

increment the following year, just as installed capacity above the target range would 
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result in an incremental decrease in the following year‘s tariff.
32

 Prices may also be 

adjusted for annual inflation.
33

  

Decision 6: What Will Be the Contract Duration? 

Most FITs involve long contract durations of 15 to 20 years.
34

 Longer contracts reduce 

risk for renewable energy producers by allowing them to hedge against swings in the 

market. Renewable energy producers are thus able to leverage the length of these 

contracts to reduce their financing costs.
35

  

Decision 7: Who Will Own the Renewable Energy Credits? 

Officials must also determine whether the Renewable Energy Credits (RECs) created by 

renewable energy (RE) generators will be retained by the renewable energy generators 

independent of the sale of the energy, or whether the credits will flow to the utilities 

purchasing the energy
36

.  

International Case Studies 

Germany 

Germany led the way in Europe in drafting and implementing feed-in tariff policies with 

its 1990 StrEG legislation.
37

 Since its implementation, many subsequent improvements 

and adjustments have been made to Germany‘s FIT program, making it a world leader in 

FIT policy.  

Little had been accomplished to support renewable energy production prior to the 1990 

legislation. Large utilities viewed decentralized production of electricity as competition 

and were able to delay legislation supporting renewable energy production by 

independent producers until the 1990 StrEG legislation.
38

 

By 1990, after almost a decade of discussion with little tangible result, a cross-party 

initiative began to support small hydroelectric stations in the south of Germany through a 

FIT mechanism. The bill came to encompass decentralized production of wind and solar 

energy as well. Utilities did not feel threatened by this legislation and therefore did not 

oppose it.
39

  

The StrEG legislation tied FIT payment to the price of electricity and limited further 

development through a capacity cap. Cost-prohibitive technologies were discouraged 

under the legislation‘s technology differentiation rules.40 Some regions benefited more 

than others, as this legislation created an uneven impact on utilities; the most efficient 

locations for wind and hydro energy became the best venues for investment. Sufficient 

incentives did not exist for some alternative locations. Wind production in northern 

Germany, for example, gained the most from this legislation but was at a disadvantage 

after electricity market liberalization.
41

 Subsequent debates about this legislation led to 

policy adjustments over the next decade.  
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In 2000, Germany revised existing incentives through the Renewable Energy Law.
42

 This 

act allowed for the following changes: ―differentiation of the tariffs, depending on the RE 

type, size, and site, and the replacement of percentage-based with fixed rates over fixed 

periods.‖ 
43

 This legislation promoted efficiency and high-quality installations.
44

 Over the 

past several years, German legislators have modified and supplemented this framework in 

their dedication to increasing Germany‘s mix of renewable energy.
45

 

Additional revisions to German FIT legislation in 2004 and 2009 further improved the 

tariff payment structure and design. In 2004, payments were differentiated by technology 

type, location, and project size. Changes to design criteria made room for renewable 

energy production to capture a larger share of the overall electricity mix. Figure 12.1 

illustrates the growth of renewable energy consumption in Germany since 1990. This 

figure shows how the fine-tuning of Germany‘s legislation propelled green energy from 

3.4 percent of consumption in 1990 to more than 14 percent by 2007.
46

 

 

Figure 12.1 

Share of German Gross Renewable Energy Consumption (Percent) 

 

Adapted from: Miguel Mendoça, David Jacobs, and Benjamin Sovacool, Powering the Green Economy: 

The Feed-in Tariff Handbook, (London: Earthscan, 2010), p. 81. 

 

Analysts have estimated FIT benefits and costs as estimated savings of almost €5 billion, 

while the costs of FIT implementation were approximately €3.3 billion with an additional 

€0.1 billion in regulation costs and €2 million in transaction costs in 2006.
47

 After 2015, 

the implementation costs for renewable energy are expected to decrease as a result of 

lower production costs and an increase in the cost of fossil fuel production. The costs of 

renewable energy remain fairly low for German consumers, representing only an 

additional €3 per month per household and expected to rise to a maximum of €4-4.5 per 

month by 2015.
48

 The increase in renewable energy projects has also led to a decrease in 
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installation costs. Between 1999 and 2004, costs for installing solar panels dropped 25 

percent. Between 1993 and 2003, wind turbine installation costs fell by 30 percent.
49

 

Feed-in tariff policies in Germany have not only increased renewable energy production 

and consumption, but have created clean energy jobs and environmental benefits. 

Germany‘s FIT policy has also enjoyed political support. Germany is on track to reach its 

goal of 30 percent renewable energy consumption by 2020. The government‘s renewable 

energy commission has set even more ambitious targets of 50 percent by 2030, 70 

percent by 2040, and 90 percent by 2050.
50

 Specific renewable energy sectors in 

Germany have also seen growth under FIT legislation. Germany‘s solar energy sector 

accounts for about a 47 percent share of the solar heating market and employs 20,000.
51

 

Approximately half a million people are expected to be employed in the renewable 

energy sector by 2020 in Germany.
52

 In 2008 the renewable energy sector provided 

approximately 280,000 jobs, of which 150,000 are the result of FIT policies.
53

 These laws 

have increased Germany‘s energy security, and reduced greenhouse gas emissions. An 

increase in energy independence and the reduction of coal and oil imports has saved 

Germany approximately €1 billion.
54

 Greenhouse gases have been reduced by 115 

million tons, of which 57 million tons are due to FIT policies.
55

 

The boom in renewable technologies under FIT policies, especially wind and solar, leads 

to three conclusions about policy design. First, the German framework provides 

investment security for renewable energy projects because credits can be attained at low 

interest rates. Second, the mechanism of decreasing prices over time and paying 

providers on a variable (per kilowatt hour) schedule has reduced costs and increased 

efficiency, especially for wind and solar power generation. Third, FITs can supplement 

and complement additional policy measures that seek to influence the penetration of 

renewable energy sources. 

Spain 

After Germany, Spain is one of the most successful countries in promoting renewable 

energy production with the use of a feed-in tariff system. Spain began looking at its 

energy policy in the wake of the 1970s oil crisis, and has sought to diversify its energy 

holdings in order to reduce its dependence on imported fossil fuels. The foundation for 

FIT policy in Spain was set in 1980, although its impact remained limited for much of 

that decade.
 56

 Legislation in 1980 gave renewable energy producers access to the grid, 

contracts for purchasing power, and tariff price guarantees.
57

 Spain‘s Electric Power Act 

of 1997 issued regulations for registration, energy delivery, the price to be paid to 

producers, and grid access. Between 1998 and 2003, wind power took off, growing from 

834 MW to 6235 MW.
58

 Royal Decree 2818 of 1998 gave energy producers a right to a 

wholesale payment price plus a premium, determined by the following formula: 

P = Pm ± RE + Pr  

where P is the payment for each kWh, Pm is the market price, Pr is the premium, and RE 

represents a supplement for reactive energy. 
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As with the German case, the Spanish law allows for flexibility and calls for a review 

every four years to take into account changing energy prices and new renewable energy 

technologies.
59

 Additional improvements to Spanish FIT policy were implemented in 

2004 and 2007. 

Royal Decree 436 of 2004 and its 2007 amendment recalculated the price for tariffs based 

on generation costs and guaranteed payment for 15 years. Prior to this legislation, annual 

payment levels were unpredictable, making it difficult to finance renewable energy 

projects. Under the 2004 decree, a renewable energy producer could choose between a 

government-mandated tariff at a fixed-price or sell electricity on the open market plus a 

premium. Open market participation was encouraged and helped reduce administration 

costs. The program can be reviewed and revised every four years and remains flexible 

throughout its deployment.
60

 

The 2007 amendment established a fixed payment per kilowatt-hour and increased 

payment levels for several technologies.
61

 This legislation also gave energy producers a 

choice between a fixed-price or premium-price tariff for a period of one year, after which 

time the producer can switch to the other price scheme.
62

 Many energy producers, most 

notably wind producers, can expect higher returns as a result of the choice between a 

fixed- or premium-price tariff level.
63

 

Successful implementation of feed-in tariff policies in Spain required cooperation among 

key stakeholders. They include government agencies, such as the General Secretary of 

Energy and the National Commission of Energy; interest groups such as the Association 

of Self-Producers of Renewable Energy Sources; and electric utilities and distributors.
64

 

As a result of these legislative efforts, both wind and solar energy saw great gains in 

Spain. Between 1998 and 2003, wind energy production grew from 834 MW to 6235 

MW, and is second only to Germany‘s. In 2005, Spain was halfway to its goal of 12 

percent energy consumption from renewable sources. The Renewable Energy Plan (PER) 

2005-2010 estimates that approximately 95,000 jobs will be created in the renewable 

energy sector and 77 million tons of carbon emissions will be saved from being released 

into the environment.
65

 

Although the benefits of FIT policy in Spain are clear, there is room for improvement. 

Unlike Germany‘s policy, installed capacity is capped in Spain, applying only to smaller-

scale operations that produce up to 50 MW. Wind and solar energy operations have a 

greater capacity potential than this. Spain has faced some trouble meeting its international 

renewable energy goals, ―due to the lack of policy measures for energy efficiency and 

energy savings.‖
66

 The European renewable electricity directive of 2001 called for Spain 

to increase its share of renewable energy to 29.4 percent and the 2009 directive asks for a 

20 percent increase in total energy consumption by renewables.
67

 

Complementary policies have enabled the success of feed-in tariff policy in both 

Germany and Spain. These initiatives include tax deductions for renewable energy 

investments and loan options for some of these renewable energy technologies.
68

 Though 

the German and Spanish feed-in tariff systems employ different approaches, they both 

create the fundamental conditions necessary for success in growing renewable energy. 
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These include investment security, a mix of policy initiatives to support renewable 

energy, and the promotion of sustainable growth of renewable energy production.
69

 

China 

The Renewable Energy Law of 2005 set in motion the promotion of renewable energy 

policy in China. This policy provided funding, incentives, and tax reductions for 

renewable energy development.
70

 It called for the development of feed-in tariff policies 

and for the State Council to approve solar energy projects and set a price determined by 

the cost plus a premium.
71

 China‘s National Development and Reform Committee 

launched feed-in tariffs specific to wind energy in 2009. One of the key components of 

this system is that tariffs are differentiated by location, specifically into four wind energy 

zones. Any costs beyond those of producing coal energy will be split between utility 

companies and the central government. The Chinese feed-in tariffs as proposed at the 

time would be less per kWh than Germany and France and could represent a possible 

hybrid between European and North American feed-in tariff structures.
72

  

Australia 

Australia does not have a comprehensive national feed-in tariff policy, but individual 

states have implemented a variety of FIT policy options. There are challenges associated 

with implementing a national policy due to varying grid and government regulations 

across states. Despite the challenges, Australia aims for renewable energy to comprise 20 

percent of its consumption by 2020. Most of the FIT policies enacted across Australia are 

―net‖ policies, which pay for excess electricity generated instead of the total gross 

production.
73

 South Australia was the first state to implement FIT policy. The Australian 

Capital Territory enacted a gross FIT policy under the Electricity Feed-In Act of 2008. 

The 2008 legislation, which is the most generous of all the FITs in the country, mandated 

review every five years and included premium pricing which can be adjusted during 

review.
74

 Western Australia does not currently have a FIT policy but is committed to 

designing a gross pricing scheme.
75

 Other states like the Northern Territory are struggling 

to implement a FIT policy due to the nature of micro-grid networks which complicate the 

application of a consistent policy across the networks.
76

 

Feed-In Tariff Implementations in the United States 

In the United States, FITs have been implemented at the state and utility level. With the 

exception of California, all FIT programs in the United States are too new to evaluate 

regarding success or failure. Below are descriptions of a sample of FIT implementations 

in the United States. 

California 

With PURPA as the impetus, the California Public Utility Commission (CPUC) 

introduced the first successful FIT in 1984. Standard Offer Contract No. 4, as it was 

called, drove the installation of 1,200 MW of wind power.
77

 As PURPA required 

payments to be based upon avoided cost of conventional generation, California used the 
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long-run price of natural gas to set this rate. When natural gas prices unexpectedly 

dropped, the costs of the program, which had been established with 10-year pricing terms 

under a 30-year contract, kept increasing for ratepayers.
78

 

In 2007, California passed Assembly Bill 1969, which required utilities to file tariffs to 

purchase renewable energy from eligible facilities, with an individual project cap of 1.5 

MW and a program cap of 478.4 MW.
79

 Payment levels are determined by the market 

price referent (MPR) at the time of the project‘s commercial operation and are fixed for 

10, 15, or 20 years.
80

 The MPR, which is also used in California‘s renewable portfolio 

standard program, is based upon the market price for natural gas, but must be 

differentiated by peak status (peak, shoulder, or off-peak), season (summer or winter) and 

utility. California‘s 2007 program was largely overshadowed, as 97 percent of developers 

and residents opted out of the FIT payment to capitalize on the higher rate of return 

offered by up-front rebates.
81

 

In 2009, California passed Senate Bill 32, which raised the project size cap from 1.5 MW 

to 3 MW and directed CPUC to apply environmental and distributed generation attributes 

to the tariff. These regulations have not yet been implemented by CPUC.
82

  

Vermont 

In May 2009, the Vermont Energy Act of 2009 became law, establishing the Standard 

Offer program, which is a form of feed-in tariff. The Standard Offer program is one 

component of the state‘s Sustainably Priced Energy Development SPEED program. 

Under the SPEED program, tariffs are offered to eligible projects under 2.2 MW in size,
83

 

with a total program cap of 50 MW (approximately 2 percent of existing generation).
84

 

Eligible projects include solar PV, hydro, landfill gas, farm methane, wind (with two size 

classes), and biomass.  

Washington 

In 2005, the state of Washington passed a modified FIT using a fixed-price incentive 

targeting solar PV, solar thermal, wind, and anaerobic digester systems. The payment rate 

varies by technology type and whether the components for the system were manufactured 

in-state. The program applies a per-project maximum FIT payment of $2,000 per year. 

Utilities in the state are not obligated to participate in the FIT program, which is financed 

through utilities‘ in-state tax liability. To reduce costs, the state applies gross metering, 

wherein participating generators are paid annually for all energy generated during the 

year. Payments are only available through June 30, 2014, regardless of when a project 

begins participation in the program.
85

. 

Gainesville Regional Utilities, Gainesville, Florida 

Effective March 1, 2009, the City Commission of Gainesville, Florida, approved a 

proposal by Gainesville Regional Utilities (GRU) to implement a FIT policy focused on 

solar photovoltaic renewable energy generation. This policy was the first in the United 

States to apply the levelized cost of generation to establish the payment rate. Payments 
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are awarded for 20 years, based on the size of the size of the solar PV system, and will 

decrease through a tariff digression. The program also includes an annual program cap of 

4 MW of new installed solar capacity in a given year.
86

 Since the implementation of the 

program, solar installed capacity among GRU customers has grown from 300 kW to over 

2,000 kW. In early October 2010, GRU reopened the FIT for small solar projects of up to 

10 kW each, for a total of 400 kW of capacity.
87

 

CPS Energy, San Antonio, Texas 

CPS Energy, the municipal utility for San Antonio, Texas, has also launched a solar 

promotion program, the Solartricity Producer Program (SPP). Rather than accept the 

name feed-in tariff, the program is considered by CPS to be a standing offer for the 

purchase of power. SPP is a two-year trial with a capacity of 5 MW per year, with 

contracts providing a fixed payment for 20 years.
88

 Individual owners cannot exceed 500 

kW in capacity.
89

 

The variation in feed-in tariff programs in the United States can be attributed, in part, to 

incentives and the federal regulatory framework, which are explained in the next two 

sections. 

Related Policy Incentives in the United States 

In the United States, the absence of a national feed-in tariff program has played a role in 

the development of other incentives to promote renewable energy generation. 

Renewable Portfolio Standards 

A renewable portfolio standard (RPS) is a mandatory quota that sets a minimum level of 

renewable energy that utilities must deliver to customers. FITs and RPSs are sometimes 

treated as mutually exclusive alternatives between which officials must choose. In fact, 

while most RPS programs in the United States apply competitive solicitations as the 

mechanism to meet RPS mandates, FITs may be used as a component of a RPS to 

encourage participation of a wider diversity of generation developers, including those 

who may lack the resources to participate in the more formal competitive solicitation 

process.
90

 

Net Metering 

Under net metering, a utility gives credits to customers who feed excess generation back 

into the grid, thereby reducing their electric bill. As of September 2009, 42 states had 

implemented net metering programs.
91

 While net metering is a demand-side program and 

FIT is a supply-side program,
92

 the two programs find common ground in gross metering, 

wherein participants receive a FIT payment for their total generation, regardless of 

whether it was consumed onsite. Net metering and FIT programs can also be applied 

simultaneously, either by letting customers opt into either of the programs, or by 

restricting participation in either the FIT or net metering to a specific group of renewable 

energy generators, such as small installations or solar installations.
93
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Federal Incentives 

The United States federal government offers a number of financial incentives supporting 

renewable energy development, including the Production Tax Credit (PTC), the Business 

Energy Investment Tax Credit (ITC), and a cash grant program through the US Treasury 

department, which is available for those who decline both the PTC and the ITC.
94

 A 

utility might wish to take these credits into consideration when establishing payment 

levels, as FIT payments may need to be reduced to ensure that renewable energy 

producers aren‘t over-incentivized. 

Barriers to State-Level Feed-In Tariffs in the United States 

In the United States, sales of electricity in the wholesale market are subject to either the 

Federal Power Act of 1935 (FPA) or PURPA.
95

 These laws restrict the configuration of 

state-level feed-in tariffs, which may explain the relatively low rate of FIT 

implementation in the United States. At the state level, FITs can be implemented either 

through PURPA or through state laws.  

Public Utility Regulatory Policies Act of 1978 (PURPA): Passed in 1978 as a part of 

the National Energy Act, PURPA resulted in California‘s implementation of the first FIT. 

Under PURPA, renewable energy sellers that are certified as qualifying facilities can sell 

electricity at a price that is either established or approved by the state, or negotiated with 

the utility. Prices established by the state cannot exceed the avoided cost rate, which is 

the rate the utility would have incurred if it had otherwise obtained the energy. Prices 

negotiated between the seller and the utility can exceed the avoided cost rate. Under this 

price model, utilities are required to purchase the renewable energy sellers‘ output. 

However, since 2005, some utilities have obtained exemptions from the Federal 

Regulatory Energy Commission that nullify their PURPA obligations to buy power from 

qualifying facilities with capacities exceeding 20 MW.
96

 

The implication for states is that, if they are using PURPA‘s purchasing mandate as the 

foundation for the FIT, they cannot implement a tariff that exceeds the avoided cost rate. 

Because fossil fuel costs are currently low, the avoided cost requirement of PURPA 

prevents tariff payments that would be profitable enough to incentivize renewable energy 

generators. However, FERC has ruled that states can provide qualifying facilities with 

additional compensation, such as cash grants, renewable energy credits (RECs), tax 

breaks, or incentives, as long as they are independent of the mandatory utility payments 

in electricity transactions.
97

 

In the January 2010 NREL report ―Renewable Energy Prices in State-Level Feed-in 

Tariffs: Federal Law Constraints and Possible Solutions,‖ the authors suggest that a state 

could mandate that utilities will negotiate above-avoided-cost prices, which would 

provide renewable energy generators with a higher tariff rate without violating PURPA‘s 

restriction on state-set rates in excess of avoided cost.
98

 Such an approach would also 

ensure that any margin above avoided cost would be funded by ratepayers rather than 

taxpayers.  
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It is important to note that facilities that have not been approved as qualifying facilities 

by FERC would not be able to participate in a purchasing mandate for utilities.
99

 

Similarly, any utility that has been exempted from PURPA would fall outside the FIT 

unless their participation was mandated under state law, subject to the FPA.
100

  

FERC Ruling on Definition of Avoided Cost: As a result of California‘s Senate Bill 32 

(SB 32), passed in 2009, which required the inclusion of environmental and distributed 

generation attributes in tariffs, California‘s Public Utilities Commission requested 

clarification from FERC on the term avoided cost.
101

 This was necessary because 

California‘s Assembly Bill 1613 requires utilities to purchase combined heat and power 

(CHP) generation at a price set by CPUC. Coupling this requirement with SB 32, CPUC 

proposed granting CHP generators a higher return on electricity because it does not 

burden the transmission and distribution system, as energy generated is used onsite.
102

  

On October 21, 2010, FERC ruled that a multi-tiered avoided cost rate structure could be 

consistent with PURPA. It also ruled that if a utility is required to purchase a percentage 

of its energy from renewable sources, then a non-renewable source would not be a source 

―able to sell,‖ and would therefore be irrelevant in calculating avoided cost to be applied 

to renewable energy sources.
103

 This ruling has the potential to affect feed-in tariff 

programs in the United States by enabling states to structure tariffs that reflect the higher 

avoided costs of a renewable energy source rather than, for example, a new natural gas 

source. 

Federal Power Act of 1935: Under the Federal Power Act (FPA) of 1935, the Federal 

Energy Regulatory Commission (FERC) regulates wholesale sales of electric energy.
104

 

FERC has this authority because, under the FPA, any wholesale sale of electricity within 

the interconnected grid is considered interstate commerce, even if the origin and 

destination of the electric energy are within a given state‘s boundaries.
105

 While stand-

alone grids, including Texas‘ ERCOT, are exempt from this regulation, in most of the 

United States FERC has the sole authority to approve contracts for the wholesale sale of 

energy. FERC either approves contracts on a case-by-case basis, or provides a blanket 

approval to sellers that have demonstrated that they have no market power, in which case 

the seller can enter into contracts with utilities without further FERC approval.
106

 

In addition to the FERC approval requirement, under the FPA a state cannot require a 

utility to purchase electricity at a state-set price.
107

 This precludes a fundamental 

characteristic of FITs, namely the obligation of a utility to purchase electricity from a 

renewable energy generator at the tariff price. The implication of the FPA for FITs in 

regulated areas is significant. Because FERC must approve all contracts or deem a seller 

lacking in market power, no state-level tariff based upon state law is adequate to enable a 

transaction between a seller and a purchasing utility. A state-set tariff price could be used 

as a starting point for pricing, but is subject to FERC‘s review and possible modification. 

This review process by FERC can take up to a year to complete.
108
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Recommended Program Components 

Any entity crafting a FIT program should consider including best-practice components. 

Based upon its research, the National Renewable Energy Laboratory has identified a 

number of best practices for FIT programs, which are outlined in Table 12.4.
109

 

 

Table 12.4 

Summary of FIT Program Best Practices 

Risk Reduction Pricing and Payments Implementation 

To encourage stability: To ensure a balanced subsidy: To ensure a stable program: 

 Long-term contracts 

 Guaranteed grid access 

 Utility purchase obligation 

 Clear transmission and 

interconnection rules 

 Tariff digression 

established in the contract  

 Prices based on levelized 

cost of generation 

 Prices differentiated 

according to renewable 

energy generation costs 

 Prices differentiated by time 

of delivery 

 Offer sliding premiums 

when applying a premium-

price FIT 

 Target policy objectives via 

bonus payments 

 Streamlined 

administrative process 

 Generation forecasts 

 Progress reports 

 Cost of FIT integrated 

into rate base 

Sources: National Renewable Energy Laboratory (NREL), Toby D. Couture, et al., A Policymaker’s Guide 

to Feed-in Tariff Policy Design (July 2010), pp. 99-103. Online. Available: http://www.nrel.gov/docs/ 

fy10osti/44849.pdf. Accessed: October 1, 2010; and NREL, Toby D. Couture and Karlynn Cory, State 

Clean Energy Policies Analysis (SCEPA) Project: An Analysis of Renewable Energy Feed-in Tariffs in 

the United States (June 2009), pp. v, 17-18. Online. Available: http://www.nrel.gov/docs/fy09osti/ 

45551.pdf. Accessed: October 1, 2010. 

 

To minimize risk and improve financing options for renewable energy generators, 

contracts with long terms are preferred to those with short terms. These contracts should 

guarantee grid access and clarify transmission and interconnection rules to provide 

assurance that the energy generated can be transmitted and can yield returns. With the 

same objective in mind, it is a FIT best practice to subject utilities to a purchase 

obligation. In the United States the FPA‘s contract approval requirements prevents such a 

policy in areas participating in the interconnected grid. In addition, to enable renewable 

energy generators to plan for tariff modifications, the establishment of tariff digressions 

in the initial contract is preferred to ad hoc tariff modifications, which increase risk and 

financing costs. 

In establishing the pricing structure of the FIT, differentiation seems key to striking a 

balance between not providing a tariff adequate to stimulate participation and setting the 

tariff too high and placing an unnecessary burden on ratepayers or taxpayers. If prices are 

based upon the levelized cost of generation, which is to say that they consider the cost of 
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generation and build in a needed profit margin, then participation is more likely than 

under models that do not ensure profitability, such as avoided cost. This levelized cost of 

generation can be differentiated by any number of characteristics, including technology 

type, project size, and resource quality. Prices can also be differentiated by the time the 

electricity is delivered, which will encourage generation during peak hours. As another 

best practice, in premium-price FITs, a sliding premium with caps and floors can be 

applied to ensure the tariff is adequate for profitability without permitting windfall 

profits. Specific policy objectives, such as local economic development or green 

manufacturing, can be encouraged through bonus payments.  

The implementation of a FIT should emphasize reducing overhead and simplifying the 

process for participants. Participants should also be asked to provide generation forecasts 

and progress reports, which will improve their integration into the larger grid. Lastly, the 

costs of the FIT should be shared across all electricity customer classes by integrating 

those costs into the rate base. This provides more security than tax-based funding, which 

is more susceptible to changing political dynamics.  

Conclusion 

Feed-in tariffs represent a viable policy option for a utility that seeks to increase its 

volume of renewable energy. Through careful planning and customization, feed-in tariffs 

can be modified to meet the varied and dynamic circumstances of states and regions. 

While feed-in tariffs in Europe have been successful, implementation in the United States 

has lagged as a result of regulations that prevented tariffs from reaching rates adequate to 

promote investment. With FERC‘s October 21, 2010, ruling on the definition of avoided 

cost, the Unites States may now have a greater opportunity to implement FIT programs 

with tariffs great enough to promote the investment needed to increase renewable energy 

generation on a European scale. 
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Chapter 13.  Renewable Portfolio Standard 

Executive Summary 

Renewable portfolio standards (RPS) refers to the policy in which energy retailers are 

required to derive portions of their electricity from renewable energy sources.
1
 These 

sources can include, but are not limited to, wind, solar, geothermal, hydro, and types of 

biomass and ocean energy. 

RPS, which was established in the late 1990s, is currently a state-run program. It is 

incumbent upon to each state to evaluate its renewable energy resources and needs and 

implement RPS as appropriate. 

While this chapter provides a background for RPS at the federal level, it focuses 

primarily upon Texas‘ success with RPS. The vast majority of Texas‘ RPS is fulfilled by 

wind energy. In fact, Texas has realized such success with RPS through wind that the 

state has elected to: a) increase significantly its RPS goals and b) mandate that a certain 

percentage of the RPS portfolio has to come from renewable sources other than wind. By 

doing so, Texas hopes to encourage the development of other alternative energy sources. 

Much of Texas‘ RPS success is due to its geographical resources; the landscape, 

particularly in West Texas, is well-suited to wind farms. The state has also built offshore 

wind farms near Galveston and Corpus Christi. Texas‘ business-friendly climate has 

encouraged significant investment in the state‘s wind industry. 

RPS, and wind energy in particular, is not without drawbacks. Wind often blows 

strongest at night, when energy demands are lowest. It is difficult to store and there are 

few storage options that are currently appropriate for Texas. Wind farms have negative 

effects on bird and bat populations; they also drag down property values. These issues are 

not inconsiderable and deserve proper appreciation. 

A nationally mandated RPS program does not currently exist. There are many in the 

federal government who are in favor of such a program, asserting that a mandate would 

force all states to develop more renewable resource initiatives. However, others argue 

that states‘ resources and developmental phases vary too greatly to make RPS the right 

option for all. By nature, RPS is a highly decentralized and specialized program. While 

some states, such as Texas, Iowa, and Colorado, have had marked success with RPS, 

others, such as Georgia and Tennessee, have realized fewer benefits.  

Texas should pursue policies that aim to improve transmission; the current greatest 

obstacle that Texas faces in improving its RPS portfolio is the shortage of transmission 

options. The state should also continue to pursue diversification in its renewable energy 

portfolio. 
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Introduction 

This section reviews the role of RPS and wind energy as an energy source. RPS is ―a 

policy that obligates each retail seller of electricity to include in its resource portfolio…a 

certain amount of electricity from renewable energy sources, such as wind, solar, 

geothermal, hydro, and various forms of biomass and ocean energy.‖
2
 This obligation can 

be met in two ways: ownership of a renewable energy facility or purchasing power from 

a second agent‘s facility.
3
  

Both the United States and Texas have developed RPS as a means to promote renewable 

energy markets. Texas‘ particular success with wind energy suggests that wind will 

continue to be at the forefront of renewable generators as the state continues to develop 

alternate energy sources and implement its RPS program. 

This section of the report reviews the history and development of RPS at the national 

level. It then addresses Texas‘ particular story with RPS, the development and current 

role of wind energy in the state, technology associated with RPS, and the benefits and 

detriments associated with this technology. The section then covers the pros and cons 

associated with developing a nationally mandated RPS program. The section concludes 

with a discussion of the policy initiations and implications that are linked to RPS, with a 

particular focus on wind energy.  

Overview 

RPS is a state or federal-led renewable and alternative energy program. RPS establishes 

the requirements for electric utilities or other energy suppliers to provide a minimum 

percentage of renewable energy into overall energy consumption.
4
 States use RPS to 

―achieve their renewable policy objectives,‖
5
 which provide ―a mechanism to increase 

renewable energy generation using a cost-effective, market-based approach.‖
6
 Programs 

are found in both regulated and unregulated state markets,
7
 each of which has specific 

strengths and weaknesses. This chapter primarily focuses on Texas‘ RPS, which is 

heavily based on the development, implementation, and continued usage of wind 

technology.  

RPS originated on the federal level in the latter half of the 1990s. The program was an 

outgrowth of the federal Public Utility Regulatory Policies Act
8
 and was developed as a 

forward-thinking initiative to encourage the development of sustainable alternative 

generators of energies throughout the country. Since its inception, RPS has realized 

significant progress and encouraged considerably the development of alternative energy 

generators. Texas represents one of its biggest success stories.  

Wind Energy and RPS in Texas  

As one of the world‘s largest economies, Texas requires high levels of energy annually. 

Thus, the state has the resources and infrastructure to produce significant amounts of 

energy. For example, Texas generated 404,788 thousand megawatt hours (MWh) of 

energy in 2008; this amount was greater than any other state.
9
  Fossil fuels comprised the 
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largest share of the resources required for energy generation. Only 4.6 percent was 

generated using the renewable resources categorized by RPS (wind, solar, geothermal, 

hydro, and various forms of biomass and ocean energy).
10

  

While fossil fuels overwhelmingly accounted for energy production in Texas, these 

figures shed light on the emergent and growing role of wind energy in the state. The 4.6 

percent of generated energy was equivalent to 18,679 thousand MWhs. Of those MWhs, 

87 percent, or 16,225 thousand MWhs,
11

 were generated using wind energy.  

Within the United States, Texas leads in the development of wind energy. The United 

States had 36,698 megawatts (MW) existing wind power capacity in 2010 and an 

additional 6,925 MW under construction.
12

 Of this national total, Texas‘ wind industry 

comprised 9,727 MW of existing capacity, with an additional 350 MW under 

construction. Texas‘ capacity and production handily exceeds Iowa, which is the second-

place producer; Iowa produced 3,670 MWhs in 2010 but has no new capacity under 

construction.
13

 Globally, Texas‘ wind industry is the sixth largest in the world.
14

  During 

2006 and 2007, Texas added ―more wind capacity…to the state system than all other 

types of power plants combined.‖
15

 In 2006, Texas ―surpassed California as the largest 

generator of wind power in the United States‖ and currently leads the national race in 

new and total wind production.
16

 

Texas‘ development of wind energy can be directly traced to the development and 

implementation of RPS in the state, which occurred in tandem with the federal discussion 

on renewable energy sources and RPS. In 1999, the Texas legislature passed the state‘s 

first RPS. The passage of the bill occurred as part of its electricity deregulation statute. 

Of the energy generators included in RPS, wind energy provided the greatest amount of 

energy potential for the state.  

The Texas RPS endeavored to increase the mandate by 2,000 MW over a ten-year period. 

Due to early success with the program, the legislature increased the mandate in 2005 to a 

target of 5,880 MW by 2015 and 10,000 MW by 2025.
17

 As a result of the mandate, $1 

billion was invested in Texas‘ wind industry. This investment and resultant surge in wind 

power investment enabled the state to meet its original goal four years ahead of 

schedule.
18

 Texas‘ success can be attributed to two primary characteristics: geography 

and access to natural capital and a business-friendly atmosphere. This success is 

discussed later in the chapter.  

The quick and overwhelming success of wind power also allowed the state to look 

towards diversifying its renewable energy needs. Thus, in addition to increasing the goals 

connected to wind power generation, the 2005 version of the RPS mandate also addressed 

other forms of renewable energy production within the state. This version of the mandate 

specified that Texas must endeavor to create 500 MW of capacity through renewable 

energy sources other than wind; this 500 MW is not included in the specific goals set for 

wind energy generation.
19

 

It is evident that wind energy has played an integral role in enabling the state to meet its 

RPS objectives throughout the past decade. Texas‘ capacity to further capitalize on wind 
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is immense; West Texas A&M University has estimated that Texas has 542,800 MW of 

potential wind power capacity. If the state is capable of realizing this potential, it will 

have the ability ―to power about 121 million homes.‖
20

 However, efforts to meet this 

potential may be stymied by two significant and distinct challenges: transmission and 

energy storage. Both issues are discussed further in the chapter.  

How Wind Energy Works 

Wind is a form of solar energy. The sun‘s rays unequally heat the atmosphere, resulting 

in temperature differences that produce airflows. When wind blows across a wind 

turbine, it spins the blades and rotor that turn a generator in the turbine‘s gearbox. The 

generator then sends electricity to the transmission grid. The amount of energy generated 

increases with wind speed, turbine blade length, and air density. There are two different 

types of wind turbines: onshore and offshore. Onshore turbines refer to those turbines that 

are constructed on land, while offshore refers to those that are constructed in the water off 

of coastal areas.  

Wind generally peaks at night; mid to late afternoon tends to be a period of low wind 

activity. Wind activity is also heightened along coastal areas and offshore sites. In Texas, 

the majority of wind energy comes from the west Texas plains, where wind strength is 

enhanced by the region‘s geography. 

 

Figure 13.1 

Diagram of Wind Turbine 

 

Source: Vestas as cited in Rowan University Clean Energy Program, Wind Power. Online. Available: 

http://www.rowan.edu/colleges/engineering/clinics/cleanenergy/case_study_summaries/wind_ 

power.htm. Accessed: January 31, 2011. 
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How Incentives are Funded 

Funding for wind energy arises from three sources: tax credits, subsidies, and investment. 

The development and expansion of wind energy in Texas has benefited significantly from 

each of these three strategies. Additionally, the economic and business climate in Texas 

has impacted significantly and positively the development of the wind industry 

throughout the state. 

At the federal level, the federal production tax credit (PTC) has provided a compelling 

incentive for the development and implementation of wind technology. This credit, which 

was adopted in 1992, provides for a credit of 2.1 cents per dollar per kWh for wind 

projects that reach commercial operation. At the current rate, these projects must be 

completed by December 31, 2012, in order to take advantage of the PTC.
21

 

PTC has had a notable and observable effect on the development of wind capacity. Since 

the implementation of the PTC in 2004, wind capacity in the United States has grown 

from 2 MW
22

 to 35 MW in 2009.
23

 

There are two main problems with the PTC that negatively impact its effect on the 

development of wind capacity: frequent renewals and expirations. Generally, the PTC 

must be renewed every one to two years. This short period has resulted in a number of 

expirations, resulting in numerous retroactive approvals for the PTC. Thus, wind 

developers who rely on the PTC experience significant uncertainty with regards to their 

subsidies. This uncertainty foments significant hesitation and thereby damages future 

wind energy development.  

The 2009 American Reinvestment and Recovery Act (ARRA) provided wind project 

owners with the option to choose the investment tax credit (ITC) rather than the PTC. 

This ITC is equal to 30 percent of eligible project capital costs and can be fully applied 

against the owner‘s federal income tax liability in the first quarter of the project‘s 

operation.
24

  

In contrast with the PTC, the ITC is not production-dependent. ARRA also offered a 

Section 1603 cash grant to project owners to elect to decline both the PTC and the ITC. 

This cash grant, equal to 30 percent of the eligible capital costs, is dispersed 60 days after 

the application is approved by the Treasury Department or 60 days after the facility enters 

commercial operation, whichever is later.
25

 

At the state level, Texas has offered subsidies for wind installations. Texas exempts 

turbines generating electricity for on-site use from the state‘s property tax. Additionally, 

the state has authorized school boards to approve reduced property values for large 

renewable energy projects. Since becoming law in 2001, more than 70 wind energy 

projects have been approved for property value reductions.
26

 

Texas also has a distinct business-friendly climate, which includes fewer regulations and 

restrictions on employers than many other states.
27

 State economic policies have made an 

impact on the business atmosphere. Texas has been ―preaching the low-tax, business-
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friendly religion for decades.‖
28

 For example, Texas has no corporate income tax. This 

and other policies are particularly applicable when wooing companies that are deciding 

where to establish headquarters or move. Many renewable energy companies, such as 

Horizon Wind and Meridian Solar, have come to Texas to capitalize upon the resource 

opportunities.  With both geographic potential and a business-friendly atmosphere intact, 

―Texas possessed the ideal ingredients for a 21
st
 century wind rush. The only thing left to 

truly get the ball rolling was the incentive for wind energy investment created by an 

RPS.‖
29

 

As previously noted, Texas‘ initial success with wind energy has generated significant 

investment in the industry and technology. Texas has realized $1 billion in investments, 

providing the state with the liquidity to continue to develop and improve the industry. 

Texas‘ business-friendly climate has also contributed to and encouraged the nature of the 

investments.  

Numerous politicians, noting the business and economic prosperity that could result from 

wind energy development, also encouraged the wind energy investment in Texas. This 

combination of political will and business-friendly atmosphere has been a huge 

contributing factor in the development of the RPS and wind energy in the state.  

One story in particular highlights the role of the business environment and investment in 

the development of the wind energy in Texas. In 2007, oil tycoon T. Boone Pickens 

proposed to build a massive wind farm of in the Texas Panhandle; theoretically, the farm 

would have provided 3,000 MW in capacity, making it the largest wind farm in the 

world.
30

 Unfortunately, the recession and resultant drop in the market price of natural gas, 

combined with a lack of adequate transmission lines, has put the plan on hold.
31

 

Nevertheless, Pickens‘ ability to conceive and undertake the plan in Texas speaks to the 

viability of this type of development in Texas. 

Impetus for RPS 

In the dry West Texas region where wind is most abundant, the independent and modular 

nature of wind installations is attractive. Assuming transmission lines are not an issue, 

wind farms also require less time to plan and construct than nuclear or coal facilities
32

 

and have no fuel costs and minimal operations and maintenance costs.
33

 Instead, the 

significant costs lie in the production and construction of transmission lines. These issues 

are discussed later in the chapter. 

Other than the production of the turbines, wind generation produces zero emissions and 

generally does not require access to a water source.
34

 Some research indicates that hydro 

storage through reservoirs may be an effective way to store the power produced by wind; 

however, it is unlikely that Texas will adopt this storage strategy.  

Texas Geography 

Geographically, Texas is the second largest state in the United States. It encompasses 

more than 250,000 square miles
35

 and is divided into 11 different biomes or eco-
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regions.
36

 These biomes include the Rolling and High Plains, both of which are located in 

the Texas Panhandle.  

The Texas Panhandle lies within the United States Wind Corridor, a stretch of land 

running through North and South Dakota, Wyoming, Nebraska, Kansas, Oklahoma, and 

Texas. The high winds create wind potential, which Texas has harnessed and capitalized 

on. 

 

Figure 13.2 

United States Wind Map 

Source: United States Department of Energy, Wind Powering America: Wind Maps and Wind Resource 

Potential Estimates. Online. Available: http://www.windpoweringamerica.gov/wind_maps.asp. 

Accessed: September 15, 2010.  

 

Logistically, most of Texas‘ wind farms are located in the sparsely populated western 

region of the state. However, the majority of the state‘s energy needs are located in the 

central, northern, and southern portions of the state. Thus, the state has had to build a 

number of transmission lines in order to transmit the energy produced in West Texas to 

the areas in which it is needed. The construction of these transmission lines has been 

particularly controversial and contentious and is discussed later in the report. Currently, 

there is an ongoing debate over a transmission line that is planned through the Texas Hill 

Country, which is located in the central part of the state.  
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Related Policy Incentives 

State RPS portfolios are not part of a federal mandate, thereby allowing states the 

freedom to innovate and develop a program tailored to their individual needs. Each state 

differs in its resource availability.
37

 Flexibility in RPS standards at the national level has 

been integral to the program‘s successes. 

As demonstrated throughout the past decade, RPS programs create lasting benefits. A 

program has the ability to diversify the energy mix in the state market, create jobs, 

decrease air pollution, and reduce price volatility in market.
38

 Many states have 

recognized the lucrative renewable energy market and embraced the rapidly changing 

market (see Figure 13.3). 

 

Figure 13.3 

United States Renewable Energy Consumption in the Nation’s Energy 

Supply, 2009 

 

Source: United States Energy Information Administration, Renewable Energy Consumption and 

Electricity Preliminary Statistics 2009. Online. Available: 

http://www.eia.doe.gov/cneaf/alternate/page/renew_ 

energy_consump/rea_prereport.html. Accessed: January 28, 2011. 
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Prior to 2003, 15 states had programs to ―encourage the development of renewable 

energy for electricity generation.‖
39

 That number is growing rapidly. By 2007, 24 

states and the District of Columbia had created RPS.
40

 By 2010, 36 states and the 

District of Columbia had either adopted an RPS or had set forward-looking renewable 

energy goals. This reflects a tremendous increase from less than a decade earlier.
41

 

These trends appear to reflect the nation‘s growing concern over carbon dioxide 

(CO2) emissions and the availability of green consumer choices. 

A primary component of the RPS program is the market that it created for Renewable 

Energy Credits (RECs). Under the REC trading program, set to continue through 

2019, retail electric providers are apportioned a share of the state‘s RPS target based 

upon their market share of electricity sales.
42

 RECs, which represent one MWh of 

renewable energy that has been generated and metered,
43

 are the currency with which 

retail electric providers ―pay off‖ their renewable energy obligations. If a retail 

electric provider generates more renewable energy than it needs, it can sell its extra 

RECs to those providers who need additional credits to meet their RPS requirements. 

The market for RECs determines the prices retail electric providers pay each other for 

credits.  

Ironically, this market function means that the tremendous amount of growth in wind 

generation has created a surplus of RECs, driving down their price and making it 

cheaper for electricity providers to continue using non-renewable sources of 

generation 

Discussion 

As noted previously, Texas was among the first states to enact an RPS.
44

 In 1999, the 

Public Utility Commission of Texas (PUCT) adopted rules for the state‘s Renewable 

Energy Mandate, establishing a renewable portfolio standard (RPS), a REC trading 

program, and renewable-energy purchase requirements for competitive retailers in 

Texas.
45

  

This multi-pronged approach to the growing renewable energy market was and 

continues to be integral to Texas‘ success. As in any new market, resistance to change 

is to be anticipated. However, in order for the state to succeed, ―the RPS must provide 

sufficient confidence to renewable energy developers and retail electricity suppliers to 

ensure long-term, least cost investment in renewable energy facilities.‖
46

 Texas‘ 

multiple initiatives, backed by the size and coherent structure of the RPS, presented 

the utilities with a cost-effective approach.  

In addition to the varied approach, the following elements are policy structures or 

support mechanisms that have encouraged RPS‘ growth and success:  

1. Strong, coherent political support. 

2. Decision-makers and the Public Utility Commission of Texas were united 

under and committed to the RPS.
47
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3. Predictable long-term purchase options. 

4. The RPS standards increased slowly, allowing utilities to make necessary 

changes over a reasonable amount of time without feeling too pressured.
48

  

5. Credible enforcement with strong penalties guaranteed.
49

 

6. Flexibility mechanisms. 

7. A yearly compliance period, a three-month ‗‗true up‘‘ period, REC banking 

for two years after the year of issuance, a six-month early compliance period 

in 2001, and allowance for limited REC borrowing all offer the necessary 

flexibility.
50

 

However, despite political pressure to continue developing the wind industry, wind 

energy is not without risks. There are concerns associated with the impact wind 

turbines have on the environment. Specifically, bird and bat deaths that have occurred 

as a result of collisions with turbines have led a number of federal and state agencies 

to identify best practices to prevent new wind installations from being unduly harmful 

to these populations. These best practices include the use of systematic pre- and post-

construction studies on wildlife impact to improve future wind farm site choices.
51

 As 

Texas sits in a primary bird-migration corridor, the Texas Parks and Wildlife 

Research Department is funding a four-year study on bird-migration corridors along 

the coast. While the results of the study can inform developers of the risk, its future 

impact is unclear. Texas does not regulate the location of wind farms.
52

 Therefore, 

currently there is no state turbine-siting restriction to protect these bird and bat 

populations, or other species whose native habitat would be degraded by wind 

installations. 

Concerns about animal habitats transition, unsurprisingly, to concerns about human 

habitats. Many landowners welcome the royalties paid by project developers who 

lease land to site wind turbines, as these payments are typically in the range of $2,000 

to $5,000 per year, per turbine.
53

 However, other landowners are concerned about the 

impact turbines have on property values and the aesthetic nature of the landscape. For 

example, these aesthetic concerns led a number of city councils in Texas‘ Hill 

Country to pass resolutions opposed to the construction and installation of industrial 

wind farms in the hill country area.
54

 

Wind energy is difficult to store. Although numerous institutions, including the 

University of Texas at Austin, are working to develop batteries that can capture wind 

energy and store it for usage during peak periods, the technology is not currently 

available. While it is possible to store wind energy through hydro storage in 

reservoirs, large-scale hydro storage is also not currently available in Texas. 

Compressed Air Energy Storage (CAES) may provide wind energy with the requisite 

storage abilities; it is unclear if CAES is appropriate for the Texas model. 
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Additionally, the rapid growth in wind generation has escalated concerns about the 

difficulty of integrating wind energy into the state‘s grid. The first challenge is a 

fundamental one, namely the variable nature of wind. The amount of electricity 

generated by wind is not constant. Thus, when wind production stems, other 

generators on the grid must pick up the slack.  

The second challenge is infrastructure-driven, as the state does not have the 

transmission lines in place that it needs to bring wind from the isolated regions of 

West Texas in which it is generated to the population centers in the central and 

eastern areas of the state.  

In order to address some of the above issues, the Electric Reliability Council of Texas 

(ERCOT) has taken responsibility for operating the independent electric grid that 

covers most of the state. To address wind generation‘s growing share of the state‘s 

electricity portfolio, ERCOT implemented a new wind-forecasting tool in March 

2010. This tool will help ERCOT prepare for ―wind ramps,‖ or large and rapid wind 

power production due to atmospheric events.
55

 To compensate for production lulls in 

wind generation, ERCOT applies capacity reserves using quick start natural gas 

units.
56

 As the state‘s wind generation increases, the variability of wind will have an 

increasing effect on the stability of the grid, and there may be a need for additional 

capacity reserves, at least until some form of large scale energy storage, be it through 

batteries, capacitors, or compressed air systems, becomes a reality. 

Despite these concerns, the most significant obstacle to increasing the use of wind 

energy is the deficit of transmission lines to wind-generation centers. Texas‘ wind 

potential is located largely in the Panhandle, with pockets of wind in the Trans-Pecos 

Mountains and consistent sea breezes along the Texas coast, south of Galveston. 

While the coastal generation area is within reach of the grid, the western areas lack 

adequate modern transmission line access to the grid. As a result, wind installations‘ 

full output cannot get to the population centers where it is most needed and, at times 

of peak wind generation, the energy generated cannot even make it onto the grid 

because the existing lines become congested. Perhaps worse, a lack of adequate 

transmission lines can prevent new wind generation development by not ensuring 

developers that the power generated will be able to get to the market. 

To address this issue, in 2005 the Texas State Legislature directed the Public Utility 

Commission (PUC) to establish Competitive Renewable Energy Zones (CREZ). In 

practice, a CREZ is an area in which the PUC expects additional wind generation 

facilities to be built. In 2008, the PUC designated five CREZs and identified the 

transmission upgrades needed. 

At an average cost of approximately $1 million per mile,
57

 installing new 

transmission lines is extremely expensive. The PUC has budgeted $4.93 billion to 

build the needed 2,334 miles of transmission lines for the project, and has identified 

the transmission service providers responsible for constructing the lines.
58

 However, 

the complexities of land easements and eminent domain increased the difficulty of 
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executing the CREZ plan. Both the turbines and the location of transmission lines are 

controversial.
59

 

Levels of Policy Implementation 

National 

Several states have shown marked success implementing RPS initiatives. Texas met 

its initial RPS mandate four years early.
60

 Colorado, which aimed to derive 10 percent 

of its energy market from renewable resources by 2015, has recently increased its 

goal to 30 percent by 2020.
61

 California, the nation‘s second largest consumer of 

electricity, has committed to attaining 33 percent from renewable sources by 

2020.
62,63

 

Each state differs in the goals that it has set for its RPS program; there is no set 

mechanism by which participating states meet their goals. Maine has mandated that 

40 percent of its energy sales come from renewable sources by 2017. South Dakota 

has instituted a voluntary compliance goal, suggesting that the state reach 10 percent 

of energy sales by 2015 (see Table 13.1). Many states have set aside specific 

percentages within the RPS goal to encourage growth of specific technologies.
64

 

 

Table 13.1 

State RPS Requirements 

State Target (Percent of Electricity Sales) 

AZ 15% by 2025 

CA 33% by 2020 

CO Investor-owned utilities: 30% by 2020; Electric cooperatives: 10% by 2020; Municipal 

utilities serving more than 40,000 customers: 10% by 2020 

CT 27% by 2020 

DC 20% by 2020 

DE 25% by compliance year 2025-2026 

HI 40% by 2030 

IA 105 MW by 2025, voluntary goal of 1,000 MW of wind capacity by 2010 

IL 25% by compliance year 2025-2026 

MA Class I (New Resources): 15% of by 2020 and an additional 1% each year thereafter 

Class II (Existing Resources): 7.1% in 2009 and thereafter (3.6% renewables and 3.5% 

waste-to-energy) 

MD 20% by 2022 

ME 30% by 2000; 10% new by 2017 

MI 10% by 2015 

MN Xcel Energy (utility) 30% by 2020; other utilities 25% by 2025 

MO 15% by 2022 

MT 15% by 2015 

NC IOUs: 12.5% by 2021; electric cooperatives, municipal utilities: 10% by 2018 

ND 10% by 2015 

NH 23.8% by 2025 - 16.3% new 

NJ 22.5% by compliance year 2020-2021 
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NM IOUs: 20% by 2020; rural electric cooperatives 10% by 2020 

NV 25% by 2025 

NY 29% by 2015 

OH 25% alternative energy resources by 2025 (12.5% renewable energy) 

OK 15% by 2015 

OR Large utilities (>3% state‘s total electricity sales): 25% by 2025; small utilities: 10% by 

2025; smallest utilities: 5% by 2025 

PA 18% alternative energy resources by compliance year 2020-2021 (8% renewable energy) 

RI 16% by 2019 

SD 10% by 2015 

TX 5,880 MW by 2015, goal of 10,000 MW by 2025 

UT 20% by 2025 

VA 15% of base year (2007) sales by 2025 

VT 20% by 2017; Minimum obligation: (1) any increase in retail electric sales between 2005-

2012 that is also at least 5% of 2005 sales; OR (2) 10% of retail electric sales in 2005 

WA 15% renewables by 2020 and all cost-effective conservation 

WI Statewide target of 10% by 2015; requirement varies by utility 

WV 25% alternative and renewable energy resources by 2025 

Sources: United States Environmental Protection Agency, Combined Heat and Power Partnership, 

Renewable Portfolio Standards Fact Sheet.  Online. Available: http://www.epa.gov/chp/state-policy/ 

renewable_fs.html. Accessed: January 29, 2011; and Database of State Incentives for Renewables and 

Efficiency, ―Portfolio Standards/Set Asides for Renewable Energy: Rules, Regulations and Policies.‖ 

Online. Available: http://www.dsireusa.org/incentives/index.cfm?SearchType=RPS&&EE=0&RE=1. 

Accessed: January 27, 2011. 

 

The states‘ success with RPS has translated into national gains; as previously noted, 

the Renewable Energy Credit (REC) market, which grew out of states‘ RPS 

mandates, has helped increase wind and solar capacity in the United States by 600 

percent since 2002.
65

 Nationwide, wind generation jumped from 6,000 million kWh 

in 2000 to 71,000 million kWh in 2009, culminating in 39 million metric tons in 

avoided carbon emissions in 2009 alone.
66

 

After witnessing the success that many states have had implementing RPS initiatives 

and the resultant national effects, the US Congress has discussed mandating a federal 

RPS system. There are a number of bills under review.
67

 This type of programming 

has both benefits and drawbacks. 

A federal RPS could move the nation forward by requiring that a certain percentage 

of the total electricity sold by load-serving entities come from renewable resources. 

Theoretically, a federal system would coordinate and enhance the existing state 

standards, while simultaneously encouraging the development of renewable energy.  

Currently, no federal RPS initiative has been successful. In 2009, the US House of 

Representatives passed the American Clean Energy & Security Act, which included a 

national RPS mandate requiring that RPS comprise 20 percent of energy sales by 

2020. The related senate legislation did not pass, despite the fact that the senate had 

passed RPS legislation three times in the preceding years.
68,69
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Additionally, the announcement by Senator Jeff Bingaman, Energy & Natural 

Resources Committee for Committee Chairman, that he will not seek re-election 

means that the national RPS has lost one of its highest-ranking and most stalwart 

advocates.
70

 

The National Renewable Energy Laboratory conducted a study that analyzed the 

impact of a national RPS at 20 percent by 2021; Senator Jeff Bingaman of New 

Mexico championed this proposal. In this proposal, energy providers that sell fewer 

than 4 billion kWh per year are classified as small electricity providers; thus, they are 

exempt from the proposal‘s provisions.
71

  

The study suggested that the implementation of energy efficiency measures could 

meet up to 25 percent of the 20 percent of energy sales comprised by RPS, or 5 

percent overall. As noted above, these measures would apply only to those electricity 

providers that produce 4 billion kWh or more per year. These providers could use the 

following options, or any combination thereof, in order to comply with the federal 

mandate: 

1. Generate renewable electricity; 

2. Purchase RECs from a renewable energy producer; and/or 

3. Pay a 3-cent per kWh ―alternative compliance payment.‖ 

The proposed plan lays out stages for RPS development; initially, the plan requires 4 

percent of energy sales to come from RPS by the end of 2011. The rate steadily 

increases, eventually reaching 20 percent in 2021. The plan then holds steady at 20 

percent until it sunsets in 2039.
72

 

A federal RPS would establish of a nation-wide credit trading market; this market 

would be the most important and beneficial outcome of the legislation. Each state, 

utility, and renewable energy producer would have an incentive to efficiently produce 

high levels of renewable energy because diverse buyers would be eager to bank 

renewable credits. Texas, as a leader in the wind industry and with a highly developed 

RPS already, would profit uniquely from the ability to supply nearby markets while 

continuing meet its own RPS.
73

 

Critics have remarked that a national RPS favors states such as Texas, which has 

abundant wind power. These critics have noted that the southeastern states will 

particularly struggle with a national RPS, given their reliance on coal and lack of 

renewable resources. However, this argument does not adequately account for the 

abundant biomass sources in the country are located in Louisiana, Arkansas, 

Alabama, Mississippi, and North and South Carolina (see Figure 13.4).
 74

 Biomass 

generation is one of the oldest and least expensive renewable technologies on the 

market, yet business and political interests are allied in favor of coal.
75

 However, a 

federal RPS could break the monopoly of utilities that are reliant on fossil fuels and 

force these states to begin to deploy renewable technologies or, at the very least, enter 



 

361 

into the REC market. Once the framework is in place, incremental change can 

continue to happen over time.  

Texas 

Texas‘ success with RPS is undeniable. ―According to state reports, the installed 

[renewable] capacity reached 10,000 MW in early 2010, 15 years early.‖
76

 This 

success has provided a major impetus on the national level. While Texas‘ successes 

may not be reproducible in all situations, states should look to Texas as a model for 

their own RPS development. This is particularly true for those states that are pursuing 

wind-based RPS programs, such as Iowa. Texas demonstrates that geographic assets 

and an amenable business climate are integral to success. 

 

Figure 13.4 

Biomass Resources of the United States, by County 

 

Source: National Renewable Energy Laboratory, Dynamic Maps, GIS Data, &Analysis Tools: Biomass 

Maps. Online. Available: http://www.nrel.gov/gis/images/map_biomass_total_us.jpg. Accessed: 

January 28, 2011. 

 

It is likely that the Texas wind generation portfolio will continue to grow. The distinct 

nature of Texas‘ electric regulatory structure, coupled with its grid isolation, has 

enabled it to rapidly respond to federal incentives and state mandates. Texas has 

already met the RPS‘ 2015 target, and the 2025 target is within reach. With 350 more 

http://www.nrel.gov/gis/images/map_biomass_total_us.jpg
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MWs of capacity under construction
77

 and the CREZ project underway, Texas‘ wind 

industry and state government will continue to serve as an example for other states 

that are interested in expanding their wind energy industries.  

Policy Recommendations 

National 

A study by IHM Emerging Energy Research suggests that between 2010 and 2025, 

RPS mandates, either state or federal level, will become increasingly crucial in 

driving renewable energy deployment. The 2008 recession has caused a slowdown in 

investment and demand for power. Uncertainty about the availability of future tax 

credits may continue to hinder growth. An influx of inexpensive natural gas has 

diminished the desirability of renewable projects because of the high capital costs that 

are often associated.
78

 Thus, a government mandate is imperative in moving the 

nation forward toward its identified energy objectives of energy security, 

environmental responsibility, and scientific innovation.
79

 

Any goal set by federal RPS must be realistic and attainable. Although many states 

have been successful with their RPS programs, a number of states have had to revisit 

the standards and make provisions when suppliers failed to meet them.
80

 

Texas 

The single most important thing Texas can do to improve its capacity through wind 

energy is improve upon its transmission lines. The state‘s current transmission 

capacity is too low to handle the wind energy it receives; it has been embroiled in 

debates about where new transmission lines should be placed and the best way to 

transfer the energy from west to central Texas. If Texas resolved the transmission 

issues, its ability to capitalize on wind energy would improve dramatically. 

Texas has had significant and notable success developing its RPS program; much of 

this success can be traced to the state‘s economic policies. Thus, the state agencies 

should continue to implement fiscal policies that have worked, which include 

encouraging a business-friendly climate and providing tax incentives and other perks 

for investment. The state could improve upon these policies by approving tax credits 

and incentives for a longer time period, instead of revisiting them on a year-by-year 

basis. The state can also consider increasing penalties for those companies who do not 

comply with RPS standards. 

Texas should continue to diversify its RPS portfolio by examining renewable options 

other than wind. Texas should also invest in research that addresses solutions for 

wind storage. By pursuing policies that support these goals, Texas can continue to 

improve its RPS portfolio and look to increase significantly the percentage of energy 

it derives from renewable resources. 
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Chapter 14.  Conclusions and Policy Options 

The preceding chapters have provided a comprehensive analysis of ten different 

technologies and two innovative policy structures. If implemented, these technologies 

and policy options could move the United States closer to energy independence and 

reduce pollution. Policy initiatives that could or have encouraged the adoption and 

implementation of these technologies and policies are described below. 

Research Findings 

1. There are no voluntary incentive policies that have worked across all technologies 

and situations. 

No financial incentives, education programs or other types of voluntary programs 

and policies were shown to be sufficient across all technologies in bringing the 

product to market and mass adoption of the technology. Facts and circumstances 

in each situation are highly controlling. 

2. Mandates, either solely or as part of other policies, have generally worked. 

The case studies on Renewable Portfolio Standards, Ethanol, Energy Efficiency, 

and Solar Hot Water all showed how mandates were effective as a component of a 

policy approach. Furthermore, the case studies on Carbon Capture and 

Sequestration and Nuclear Power both recommended that one particular 

mandate—carbon cap and trade legislation—would be very helpful in establishing 

those technologies.  In the case of ethanol, mandates have produced outcomes that 

some view as desirable farm policy but undesirable energy policy, such as the 

current apparent competition between fuel and food for corn. 

3. Research and development funding and tax credits worked across many 

technologies and were instrumental in bringing the technology to market, 

especially when applied consistently over a reasonable period of time.  Results 

have been less far successful for federal tax credits where they have been 

available episodically. 

Funding for R&D was important, even critical, in almost of the technologies—as 

discussed in the case studies on CCS, photovoltaics, nuclear, energy efficiency, 

and energy storage. However, such funding was sometimes not sufficient to lower 

the cost to the point of market adoption. 

Tax credits were also instrumental in moving many of the technologies to market 

adoption, as demonstrated in the case studies on Natural Gas-Shale, Coal Bed 

Methane, Photovoltaics, Renewable Portfolio Standards, Energy Storage and 

Ethanol. Again, tax credits were not sufficient to overcome market resistance in 
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some cases, as discussed in the case studies on Combined Heat and Power, 

Photovoltaics, CCS and Nuclear Power. 

4. Failures in policy often occurred because the appropriate level of regulation was 

not addressed. 

We found cases where the level of regulation and conflicts in regulatory policies 

among federal, state and local entities was not adequate to overcome barriers 

created by other levels of regulation. The case studies in Combined Heat and 

Power, Renewable Portfolio Standard, and Photovoltaics are examples. 

5. Sometimes policies succeed in the deployment of the technology, but stated 

economic or environmental goals were still not met. 

Corn Ethanol production in the U.S. is the best example of successful deployment 

of a technology through policy actions, yet not achieving the stated environmental 

goals of the policies. In addition, a case study on Germany demonstrates that 

feed-in tariffs have accomplished solar photovoltaic deployment, but had higher 

economic costs and produced fewer economic benefits than expected. 

6. Sometimes even the strongest voluntary policy incentives are not sufficient for 

mass adoption of the technology. 

In the case of CCS and Nuclear Power, R&D funding, tax incentives, loan 

guarantees and other policies have still not been able to foster mass adoption of 

the technologies. 

Technology Studies 

Energy Storage and Electric Vehicles 

Policies that have or could benefit energy storage include: 

 Funding for research and development for experimental technologies and 

other scientific innovations; 

 Funding emerging technologies; and  

 Providing incentives for consumers, such as tax credits, loan guarantees, and 

preferred driving lane and parking options; 

 Defining the role of energy storage in the electricity marketplace by 

restructuring energy markets; 

 Developing a market for used vehicle batteries; 

 Developing industry standards for energy markets; 
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 Mandating the implementation of energy storage throughout the United 

States; 

 Providing a federal ordinance that provides for the production and adoption of 

electric cars; 

 Updating building codes to allow for energy storage options and charging 

stations; 

 Replacing current city and state government fleets with electric vehicles; and 

 Monitoring, distributing, and making readily available information about the 

benefits, safety, and requirements of electric vehicles. 

Combined Heat and Power (CHP) 

Policies that have or could benefit CHP include:  

 Net metering; 

 Standard interconnection rules; 

 CHP-friendly standby rates; 

 Grants or low-interest loans can mitigate the high upfront costs of CHP; 

 Renewable Portfolio Standards (RPS) will promote the adoption of CHP; and 

 Emissions regulations that recognize overall emissions reductions of CHP 

systems compared with conventional generation. 

Light Emitting Diodes (LED) 

Policies that have or could benefit LED lighting include:  

 Research and development; 

 Federal mandates establishing minimum efficiency standards in lighting; 

 Government-sponsored consumer education programs; 

 Utility give-away programs that give LED bulbs to consumers free of charge 

may undermine normal distribution routes like retail sales; 

 Incentives are more effective if directed at manufacturers rather than 

consumers; and  

 Government deployment of LED in affiliated niche markets such as traffic 

lights or parking garages.  
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Distributed Solar Photovoltaics 

Policies that have or could benefit distributed solar photovoltaics include: 

 Rebates and incentives to reduce upfront costs; 

 Loans; 

 Implementation of feed-in tariffs; 

 Implementation of renewable portfolio standards; 

 Carbon regulation; 

 Federal tax incentives; 

 Net metering; and  

 Leasing by utilities of urban rooftop space for solar PV arrays. 

Carbon Capture and Sequestration (CCS) 

Policies that have or could benefit CCS include:  

 Implementation of an emissions mandate; and  

 Monetary incentives to encourage private sector investment, including: 

o Carbon tax; 

o Cap-and-trade program; 

o Subsidies; 

o Property tax abatement; 

o Severance tax exemptions; 

o Gross receipts tax exemptions; and 

o Offsetting of costs using enhanced oil recovery. 

Nuclear 

Policies that have or could benefit nuclear energy in the United States include: 

 Production tax credits and loan guarantees; 

 Grants for research and development; 
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 Greater transparency in the loan approval process; 

 Requiring standardized design in nuclear facilities throughout the United States; 

 Passing carbon control legislation that would put a price on greenhouse gas 

emissions; and  

 Implementing cap and trade measures on fossil fuel energy producers. 

Natural Gas from Shale 

Policies that have or could benefit shale gas include:  

 Federal tax credits; and  

 Research and development funding aimed at improving shale gas extraction 

techniques and reducing environmental impacts. 

Additionally, environmental regulations have the potential to slow the production of 

natural gas from shale. 

Coal Bed Methane (CBM) 

Policies that have or could benefit coal bed methane in the United States include:  

 Federal tax credits to encourage industry development; and 

 Outreach programs and research and development. 

Additionally, environmental regulations have the potential to slow the production of coal 

bed methane. 

Ethanol 

Policies that have or could benefit ethanol in the United States include: 

 Grants; 

 Loan guarantees; 

 Tax credits; 

 Banning retaliation against ethanol resellers; 

 Mandating the amount of ethanol that must be added to gasoline annually; 

 Improving infrastructure, such as fueling stations and effective and efficient 

transportation, in the United States; and 
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 Revisiting the tariffs the United States has in place against Brazil. 

It is difficult to determine whether and which state ethanol laws and incentives have been 

effective in promoting ethanol since policies vary so drastically. 

Solar Hot Water 

Policies that have or could benefit solar hot water include: 

 Subsidies based upon performance or collector-area; 

 Rebates to reduce upfront costs; 

 Tax credits and deductions; 

 Access to low interest loans; and 

 Mandates requiring the installation and use of solar water heaters. 

Policy Studies 

Other policy options considered to promote clean energy technology included Feed-In 

Tariffs and Renewable Portfolio Standards. Best practices and opportunities to encourage 

the application of these policies are described below. 

Feed-In Tariff (FIT) 

Practices that could support the successful implementation of FITs in the United States 

include: 

 Revision of the Federal Power Act of 1935 and Public Utility Regulatory Policies 

Act of 1978, which may be discouraging the implementation of feed-in tariffs; 

and 

 Customize the FIT to the circumstances of a given geographic area or economic 

environment. 

Renewable Portfolio Standards (RPS) 

Policies that have or could benefit RPS include: 

 Consumer incentives; 

 Encouraging a business-friendly and investment-friendly environment; 

 Financial penalties on those who do not reach their RPS standards; 

 Diversifying their RPS‘ portfolios when appropriate; 
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 Improving transmission lines and infrastructure; and  

 Mandating the initiation and implementation of RPS throughout the country. 

 

 


