
 

 
 

 
 

Presents 
 

CleanTX Analysis on Water: 
The Thirst for Power 

 

 
 

Authors: 
 

Carey W. King 
Ashlynn S. Holman 
Michael E. Webber 

 
Special Thanks to: 

 

   



 

 

2 

 



 

 

3 

 Thirst for Power 
 
Power generation as well as the production of fuels for transportation requires water, and the 
supply of high-quality freshwater is energy intensive. A growing population and climate change 
will increase the pressure on both resources. 

 
Water and solar energy enable trees and plants to grow today, just as they did hundreds of 
millions of years ago. Creation of the deposits of biomass that became fossil fuels depended on 
these two resources. The technological advances that have changed human life profoundly over 
the past decades and centuries, have altered, but not resolved, this close coupling between water 
and energy. Current technologies for power generation, with some exceptions such as wind 
turbines and photovoltaic solar cells, rely heavily on the availability of large amounts of water. 
Primarily this water is needed for cooling thermoelectric plants and supplying fluid pressure and 
flow for hydroelectric power generation. But in a changing climate, it is not clear whether 
sufficient volumes of water will continue to be available where needed. And if, in an attempt to 
combat climate change, petrol is replaced by biofuels at a significant scale, more water will be 
needed for irrigation.  
 

 
Figure 1. Interrelationships between water and energy1. Water is used to power hydroelectrical power plants (where 
some is lost to evaporation), for cooling thermoelectric plants, and in the home. Energy is necessary to deliver water 
to the end users, for wastewater treatment and to pump up groundwater. 

 



 

 

4 

On the other hand, clean fresh water is a basic necessity for human health and development. 
Large quantities of water can be provided — as long as sufficient energy supplies are available to 
reach deep aquifers, treat dirty water, or desalinate the oceans. But a scarcity of energy implies a 
scarcity of water, just as constraints on water availability threaten the supply of energy, at least 
with the current infrastructure. Because of this interconnection (Figure 1), water and energy 
cannot be treated in a disaggregated fashion, as is common today with both markets and policy 
makers.  
 
 
The need for water in power generation 
 
Large power plants present a strain on water resources. In the United States (US) in 2007, 
thermoelectric power generation, comprised primarily of coal, natural gas, and nuclear fuels, 
generated 91% (3,500 million MWh) of total electricity.  These thermoelectric power plants 
require cooling by using water, air, or a combination of the two, amounting to 40% of US fresh 
water withdrawals.  
 
Open-loop, or once-through, cooling withdraws large volumes of surface water, fresh and saline, 
for one-time use and returns nearly all the water to the source with little of the overall water 
being consumed due to evaporation.  While open-loop cooling is energy efficient and low in 
infrastructure and operational costs, the discharged water is warmer than ambient water, causing 
thermal pollution, which can kill fish and harm aquatic ecosystems; thus, environmental agencies 
regulate discharge temperatures, taking into account a water body’s heat dissipation capacity.  
Closed-loop cooling requires less water withdrawal, since the water is recirculated through use of 
cooling towers or evaporation ponds. However, since the cooling is essentially achieved through 
evaporation, closed-loop cooling results in higher water consumption (Table 1). 
 

 Table 1. Water and energy relationships. 
Water for Thermoelectric Energy [15] 

Cooling  
Method 

Power Plant Fuel Water Withdrawal 
(L/MWh) 

Water Consumption 
(L/MWh) 

Open-Loop Fossil Fuel 76,000-189,000 1100 
Nuclear 95,000-227,000 1500 

Combined-Cycle 28,000-76,000 400 
Closed-Loop 

(Cooling Tower) 
Fossil Fuel 1,900-2,300 1,800 

Nuclear 3,000-4,200 2,700 
Combined Cycle 870 680 

Closed-Loop 
(Evaporation 

Pond) 

Fossil Fuel 1,100-2,300 1,000-1,900 
Nuclear 1,900-4,200 1,700-3,400 

Air-Cooling Any Negligible Negligible 
Energy for Water Treatment [6, 16] 

Water Type Source / Treatment Type Energy Use 
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(kWh/ML) 

Water 
(Public Supply) 

Surface Water 370* 
Groundwater 480* 

Brackish Groundwater 1,000-2,600 
Seawater 2,600-4,400 

Wastewater 

Trickling Filter 955 
Activated Sludge 1,322 

Advanced Treatment without Nitrification 1,541 
Advanced Treatment with Nitrification 1,911 

Water for Light Duty Vehicle Transportation (US) [11, 17] 

Fuel Consumption (L/km) Withdrawal (L/km) 

Petroleum Gasoline and Diesel 0.1-0.3 1.0-1.5 
H2 Fuel Cell – Electrolysis via US Grid 1.3 40 
H2 Fuel Cell – Electrolysis via Wind/PV 0.1 0.1 

Electricity (PHEV/EV) – US Grid 0.8 25 
Electricity (PHEV/EV) – Wind and PV ~ 0 ~ 0 

*Includes distribution. 
 
The alternative, air-cooling, does not require water, but instead cools by using fans to blow air 
over a radiator similar to that in automobiles. However, power efficiency is lower, up-front 
capital costs are higher, and real estate requirements are larger, making this option less attractive 
economically.  
 
Water is obviously central to power generation in hydroelectric dams.  In the US in 2006, 
hydroelectric power plants generated approximately 7% (268 million MWh) of total electricity.  
Fifty-eight percent of US hydroelectricity is generated in California, Oregon, and Washington 
alone, making the power supply vulnerable to regional changes in water availability.  Though 
hydroelectric power is attractive for many reasons, it is least reliable during droughts when the 
need for water may take precedence over hydroelectricity.  
 
Energy use for water production and delivery.  
 
The relationship goes the other way, too, in that energy is necessary for producing and delivering 
fresh and potable water, just as water is necessary for generating energy.  For example, energy is 
needed to convey, heat, and treat freshwater and wastewater.  Heating water in homes and 
businesses for cooking, cleaning, and other municipal and commercial uses consumes 3.6 quads, 
or 3.6%, of total US energy consumption.   Thus, the need for hot water is an important end-use 
for energy. Combined heat and power systems are so efficient because they use otherwise wasted 
heat to do useful tasks.  
 
Supply and conveyance of water is one of the most energy-intensive water processes, estimated 
to consume over 3% of total US electricity.1,6  However, the energy use for supply and 
conveyance of water varies widely depending on the local infrastructure. Many gravity-fed 
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systems require little energy, whereas long-haul systems such as in California, require vast 
energy investments to move water across the state and over mountain ranges.  The average 
surface water treatment plant consumes over 370 kilowatt hours per million liters (kWh/ML). 
Tapping into groundwater sources also requires energy for pumping, dependent on aquifer depth: 
at a depth of 120 meters, 530 kWh/ML is required1, 6.   
 
Recent news articles illustrate the competition between water resources and power generation:  
the debate whether to use water from a reservoir to serve municipal needs for drinking water 
versus generating hydroelectric power arose with Uruguay’s Salto Grande dam and the US 
Colorado River lakes; a natural gas power plant and private landowners argued over groundwater 
rights in Texas; and hydroelectric dams were taken offline in response to drought in Georgia, 
among others2–5. 
 
As fresh water supplies become strained, many have turned to water sources once considered 
unusable, including brackish groundwater and seawater.  While use of these water sources 
mitigates constraints on drinking water supplies, treatment of brackish groundwater and seawater 
requires as much as 10-12 times the energy use of standard drinking water treatment. However, 
usually untreated saline water can be used to cool the thermoelectric power plant that may be 
required for desalination.  Partly because of the high energy requirements, proposed desalination 
water treatment plants in Carlsbad, California, and Chennai, Tamil Nadu India have been 
opposed7,8.   
 
Wastewater treatment also requires large amounts of energy, which will increase as discharge 
regulations in the US become stricter, requiring ever-increasing energy-intensive treatment 
technologies. Estimates range from between 250 kWh/ML for trickling filter treatment, which 
uses a biologically active substrate for aerobic treatment, to 350 kWh/ML diffused aeration as 
part of activated sludge processing, to 400-500 kWh/ML for advanced wastewater treatment that 
utilizes filtration and the option of nitrification6.  Sludge treatment and processing alone can 
consume energy in the range of 30-80% of the total energy used in a wastewater plant; other 
physical and chemical treatment processes use much of the remaining percentage.  
 
A thirst for transportation fuels 
 
Two of the earliest fuels were wood and dung. They are still the major primary energy fuels for 
many regions of the world, providing 8.5% of the primary energy globally10. Trees require water 
for growth, as do the animals that supply dung. But modern liquid fuels such as gasoline, 
ethanol, and diesel also require water for their extraction, farming, processing, and refining.  This 
“embodied water” is not directly used in a vehicle, but rather indirectly required to make the fuel. 
 
Water use for transportation can be considered in a similar fashion as for power generation in the 
form of withdrawal - that is, the amount of water that is necessary, but may eventually be 
returned to the system - and consumption, for example, through evaporation.  However, in the 
context of transportation, consumption can additionally be associated with irrigated farming and 
as a feedstock.  Generally, while driving light duty vehicles using current petroleum-based 
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gasoline (assuming an average fuel economy of 20.5 miles per gallon (mpg) = 8.7 km/L) and 
diesel (28.2 mpg = 12.0 km/L), embodied water is withdrawn and consumed from nature at rates 
up to 1.5 L/km and 0.3 L/km, respectively.  Using liquids converted from other fossil fuels (coal, 
oil shale, tar sands) means that the rates of water consumption and withdrawal are 2-4 times and 
1-2 times higher, respectively, and are much more concentrated in regions where the fossil fuel 
resources exist.   
 
Propelling vehicles using hydrogen and electricity has even more substantial water impacts when 
drawing from the average US electric grid (due to water used for power plant cooling as 
discussed earlier). Under these assumptions, a fuel cell vehicle with hydrogen via electrolysis 
and an electric vehicle consume water at 1.3 and 0.5 L/km while withdrawing 40 and 17 L/km, 
respectively11,12.  Using wind and photovoltaic solar to supply required electricity for 
transportation makes water intensity negligible.  However, even if every US light duty vehicle 
mile were driven via US electric power with current technologies, US water demand would only 
increase by 0.9% (3.4 billion liters/day). 
 
Most of the fuels under consideration to replace petroleum are more water intensive, with 
biofuels residing at the top of the list. Only for fuel crops that are not irrigated is the water 
intensity comparable to petroleum fuels. But many fuel crops are irrigated, and accounting for 
irrigation can cause water consumption rates to be 2-3 orders of magnitude higher than without 
irrigation. While understanding that only 15% to 20% of US corn and 5% to 10% of US soybean 
bushels are irrigated to any degree, there was still a substantial water contribution to biofuel crop 
farming at nearly 5,700 gigaliters (3.5% of US water consumption) in 2005 for the production of 
ethanol alone.  Given that agricultural irrigation is the most water consumptive sector of the US 
economy, high water usage is not surprising. But by switching to biofuels, this water 
consumption is likely to grow.  Additionally, competing water demands often make the siting of 
ethanol plants difficult because they are large point sources of water demand.  Ethanol 
processing plants consume water for cooling processes, including the exothermic fermentation 
reaction, requiring 1–3 million liters per day (L/d) to produce 250-750 thousand L/d of 
ethanol13,14.  

 
 
Looking to the Future 
 
We see trends towards more water-intensive liquid fuels, more energy-intensive water sources, 
and a growing population that will require more of both. These challenges will be exacerbated by 
climate change, which may cause geographic and temporal changes in the amount, annual 
distribution, and form of precipitation (for example, as rain or snow). Because cities and their 
infrastructure are built on the basis of past precipitation patterns, such climatic changes may 
require substantial adjustments. In regions where water becomes scarcer, people must weigh the 
pros and cons between moving the people to the water and moving the water to the people (the 
latter of which requires continuous additional energy). Regional climate projections will be 
needed to inform planning and policy.   
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When siting new power plants, governments and power generators need to consider water 
availability over the plants’ lifetime, normally on the order of several decades.  Policy for energy 
and water resources should be integrated to consider less water intensive options in agriculture, 
such as forestry, and in electricity generation, such as wind, photovoltaic solar and air-cooling 
technologies. In the fuel sector, water consumption and withdrawal need to be included in 
environmental impacts analyses such as those dictated by the Energy Independence and Security 
Act of 2007, which requires life cycle analysis for understanding the greenhouse gas impacts of 
renewable fuels. 
 
Like diversified long-term financial investment strategies, future water and energy infrastructure 
should also be diverse and multiscaled in order to create resilience in an uncertain climate and 
energy future.  For example, Ghana has had highly fluctuating reliability of electricity supply due 
to heavy dependence upon hydropower or other single energy sources, without extensive electric 
grids to help transport electricity in tough times. 
 
Distributed energy systems provide smaller scale systems and add resilience to electric grids 
dominated by large centralized power plants, but they are usually considered more expensive due 
to conventional financial and appraisal systems that account for capital but not operating 
expenses.  For new power plants at greenfield sites in the US, open-loop cooling has been 
outlawed for all practical purposes by the environmental constraints upon water intake velocity. 
The trend since the 1980s has been toward closed-loop cooling.  However, closed-loop cooling 
makes the use of seawater more difficult, because evaporating water with high proportions of 
dissolved solids can create foul-up problems. Nevertheless using seawater, wastewater, and other 
low quality water for cooling should be encouraged where possible. 
 
We also need policy that allows the operating costs and energy consumption of buildings and 
homes to be integrated into the construction, sales, and finance phases of development.  More 
self-sufficient buildings in terms of energy resources within larger cities require less bulk city 
services.  We must ask ourselves why we require no energy return on investment for crown 
molding yet claim photovoltaics do not payback fast enough.  Fortunately sustainable concepts 
such as LEED (Leadership in Energy and Environmental Design) and projects such as the China 
EcoBlock18 guide and demonstrate integrated water and energy infrastructure via whole system 
design. 
 
Water and energy cannot be separated. With an unlimited supply of available energy, we would 
be able to supply as much clean water as the world needs. In the real world of resource 
constraints, we need to simultaneously conserve water and energy.  Thankfully, water 
conservation and energy conservation are synonymous with each other, so we have the 
opportunity for swift progress.   
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Water and Energy Nexus 
 
I. Introduction – Interconnection between Electricity and Water 
 
The economic well being, quality of life, and preservation of environmental quality of Texas will 
in part depend on maintaining the viability of surface and groundwater resources. In the future 
the growing demand for water for power production will come into conflict with other uses, 
particularly municipal supplies. This competition will become particularly problematic during 
sustained periods of drought. Thermoelectric and hydroelectric power generation requires a 
reliable and predictable source of water.  Currently each kWh generated from fossil fuel and 
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nuclear power plants, the vast majority composed of thermoelectric turbines with water cooling, 
can require the withdrawal of anywhere from 1 to 60 gallons of water to produce.  Over ninety-
five percent of Texas electricity is generated from carbon based fossil fuels and nuclear sources 
with approximately 85% of that amount using water cooling and the other 15% using air cooling 
mainly from natural gas combustion turbines1 [27, 28, 29].  As the Texas economy grows the 
demand for electricity grows proportionally, and so does the demand for water resources.  
 
There is an overlap between water and energy as the usage, production, and consumption of one 
almost always involves the other.  It takes energy to process, store, and transport water while it 
takes water to process, store, and transport energy in the form of fuels and electricity.  Table 1, 
from a Department of Energy (DOE) report to Congress, describes many general relationships 
between various elements of energy and how they affect both the quantity and quality of water 
[7]. 
 
Table 1. Connections Between the Energy Sector and Water Availability and Quality (Reproduced from [7]). 

 
As seen in Table 1, significant amounts of water are used or consumed in extracting, producing, 
refining, and processing fuels; cooling in thermoelectric power generation; as a working fluid in 
hydroelectric generation; and energy storage and transportation.  Water usage for transportation 
of energy-related goods mainly describes barge traffic in rivers, which is not a major factor in 
Texas as most significant barge traffic occurs within coastal waters and canals in close coastal 
proximity and water is not consumed in the process.  The corollary, energy used to transport 
water, is going to become more of a factor as city development and an increase in population 

                                                
1 Assumes ½ of natural gas generation is combined cycle, and of that electric power, 2/3 is generated in the air-
cooled combustion turbine. Forty-nine percent of electricity generated in Texas in 2006 was from natural gas. 
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drive demand for water from more distant sources.  Texas will be no stranger to this 
phenomenon. 
 
Before venturing further into the details of the ties between water and energy, we define a few 
terms to maintain clarity of the discussion. A handful of terms are unfortunately often 
interchanged for various meanings in different water resource reports. This report distinguishes 
between the concept of using water and returning it from where it came, albeit in an altered state 
in some manner, and the concept of consuming water that is not returned from where it came 
either because it serves as a feedstock that is converted to another form, or because it is a cooling 
fluid that is evaporated into the atmosphere.  
 

Water withdrawal, use, or usage pertains to water that is used in a process, given back 
from whence it came, and available again for the same or other purposes. Examples 
include an open-loop cooling system for thermoelectric steam power generation that 
withdraws cool water from a reservoir into its condensing unit and discharges that 
heated water back into the reservoir.  

Water consumption, demand, or loss describes water that is taken from a source and not 
returned. An example of this is a closed-loop cooling system for thermoelectric steam 
power generation where the withdrawn water is run through a cooling tower and 
evaporated instead of being returned to the source. Also included is enhanced water 
evaporation from reservoirs where the larger evaporation rate results from the 
reservoir’s increased temperature from the discharged water of open-loop cooling 
systems 

 
This report favors the terms withdrawal and consumption, but uses the other terms when 
referring to specific documents that use those terms to be consistent with the source of the data. 
 
II. Water in Texas 
 
In compiling the 2007 State Water Plan, the TWDB used a regional approach to predicting water 
needs through 2060 [13].  Water needs are defined as how much demand will exist over existing 
supply and infrastructure.  Each of 16 regional groups then supplied a plan to the TWDB for how 
to address the future regional water needs.  In the TWDB’s study future population changes were 
the major driving factor. Other factors included in the study to project regional water demand 
included geography, climate, projected electricity demand, and industrial users.  Figure 1 shows 
the overall Texas projected water needs, by category from the 2007 State Water Plan, and is 
reproduced from that source.  Figure 1 is the sum of the results of the regional planning group 
plans.  
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Figure 1. Water supply needs by water demand, or consumption, category for 2010-2060. (Municipal needs include 
water user groups classified as County-other). Text values are in units of acre-feet/yr. [Reproduced from 13]. 
 
A quote from the TWDB 2007 State Water Plan sums the planning results: 

“Nine [regional] planning groups [out of 16] were unable to meet all water supply 
needs for each water user group in their planning areas. Approximately 1.8 
million acre-feet of water supply needs are unmet in 2010, increasing to 
approximately 2.7 million acre-feet in 2060 … Unmet water supply needs occur 
for irrigation, steam electric power generation, and mining water user groups in 
2010 and 2060. The major reason for not meeting a water user group’s water 
supply need is that the planning group did not identify an economically feasible 
water management strategy to meet the water supply need.” 

 
The fact that steam electric generation is seen to have unmet water supply needs is not surprising 
as this group is the largest user of water, accounting for 46% of water withdrawal in 2000, 
traditionally needing a large body of water adjacent to the power plant.  Not all power, or even 
steam-electric, generation plants in Texas require a reservoir, and future water availability may 
dictate which cooling technologies are used.  As a result of planning, the TWDB is 
recommending that several measures are taken to provide water for steam electric generation 
including transfer of water from one river basin to another and construction of new reservoirs – 
both capital intensive and long term projects.  Water use by different cooling methods for steam 
generation is discussed in the next section. 
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Texas Water Consumption and Withdrawal 
 
As seen in Figures 2 and 3, water withdrawal in Texas is much higher than water consumption, 
which is consistent with other states and for the nation as a whole.  By the definition of the 
terms, consumption can never be larger than withdrawal.  The water consumed is typically 
between 35%-55% of all withdrawn water, and in Texas during 2000, 51% of withdrawn water 
was consumed.  Irrigation is by far the major consumer of water at over 60% of the 15,156 
Mgal/d (Mgal/d = million gallons per day) 2000 consumption.  
 
The two sectors responsible for the majority of water withdrawal in Texas are thermoelectric 
(steam-electric) power (13,260 Mgal/d, 45% of Texas total in 2000) and irrigation (8,630 
Mgal/d, 29% of Texas total in 2000). Fortunately, at the present time they take water primarily 
from different sources.  In 2000, about 75% of ground-water withdrawals in Texas were for 
irrigation [8].  Of all water withdrawn by the Texas thermoelectric power industry, over 99% is 
from surface water, both fresh and saline (See Table 2). Over the next few decades this 
dichotomy of water sources will likely break down as more electric power plants come on line 
using ground water.  
 
Almost all withdrawn irrigation water is consumed due to evaporation and transpiration from 
crops, but the power industry consumes only 3%-5% of all water it withdraws while returning 
the vast majority to its source, though usually in a different condition (e.g. heated) [2, 8, 13]. 
Nationally, the U.S. electricity industry uses more water, 47%, than any other use category. 
When considering only freshwater, thermoelectric generation is second only to agriculture as the 
largest domestic user, accounting for 39% of all freshwater withdrawals in the nation [1]. In 
producing electricity, the majority of water consumed and withdrawn is for cooling of the steam 
generation process, but much is also used in extracting, or mining, the fossil fuels usually used in 
steam electric generation.  In 2000, the United States Geological Survey (USGS) report noted 
that U.S. water withdrawals were 408,000 Mgal/d, and Texas accounted for 29,600 Mgal/d, or 
7.3%, of that total [8]. Figure 2 compares U.S. and Texas water withdrawals for various water 
purposes. 
 
In Texas during 1995, thermoelectric generation was responsible for 46% (13,460 Mgal/d) of 
freshwater withdrawals and 2.7% (309 Mgal/d) of freshwater consumption, mostly due to 
evaporation [7]. There are no consumptive-use estimates in 2000 from the USGS as these were 
omitted in the 2000 survey [8]. However, the Texas Water Development Board (TWDB) tracks 
water consumption, termed demand by TWDB, and puts Texas’ thermoelectric water 
consumption at 3.3% of the 2000 Texas total water consumption, or 501 Mgal/d [13].  Figure 3 
shows the 1995 USGS estimate for Texas freshwater consumption and the 2000 TWDB estimate 
for Texas water demand. Please see Appendix A for an explanation of the different terms from 
the USGS and TWDB.  
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Figure 2. Texas (a) and United States (b) water withdrawals in 2000 by sector as reported by the USGS [8]. 
 
Although the population of Texas is expected to double in the first 60 years of the current 
century (from 20.9 million in 2000 to 45.6 million in 2060), the TWDB [13] predicts that Texas 
water consumption will increase by only 27 percent, from almost 17 million acre-feet of water in 
2000 (15,156 Mgal/d) to a projected demand of 22 million acre-feet in 2060 (19,300 Mgal/d) 
(See Figure 4).  Demand for municipal water is expected to increase from 4 million acre-feet in 
2010 to just over 8 million acre-feet in 2060, in direct proportion to the population.  However, 
demand for agricultural irrigation water is expected to decrease, from 10 million acre-feet per 
year in 2010 to approximately 9 million acre-feet per year in 2060, due to more efficient 
irrigation systems, reduced groundwater supplies, and the transfer of water rights from 
agriculture to municipal uses [13].  Because most of the growth is expected to take place in the 
categories of municipal use, it is clear that this sector is a target for new policies that reduce per 
capita consumption.   
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Figure 3. (a) Texas water demand in 2000 from the TWDB, and (b) Texas freshwater consumption in 1995 from the 
USGS [2, 13].  

The TWDB [13] projects Texas steam-electric generation annual water consumption, to almost 
triple from a 2000 usage of 0.56 million acre-feet (501 Mgal/d) to 1.53 million acre feet (1,369 
Mgal/d) in 2060.  For comparison to the U.S. average, in 1995 the U.S. consumed 100 Bgal/day 
(billion gallons of freshwater per day), 3.3 billion of those for thermoelectric generation [2].  
This 1995 U.S. ratio of 3.3% of total water consumption for thermoelectric generation was 
slightly higher than that of 2.7% (freshwater only) for Texas as reported by the USGS, but inline 
with the 2000 TWDB estimate (see Figure 3).  A full discussion of water usage and consumption 
associated with power generation is saved for Section III. 
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Figure 4. TWDB projections for (a) total Texas water demand, and (b) Texas water demand by four most 
consumptive areas [13]. 

 
Texas Water Supply  
 
In assessing the water supply of Texas the TWDB focuses on times of drought to ensure 
sufficient supply when drought conditions limit available water resources. Texas has 
approximately 33 million acre-feet of water in river flow in an average year [13], which happens 
to correspond closely to the total water withdrawal in Texas for 2000 [8]. In 2003, approximately 
40% of the water consumed was from surface water while 60% was from groundwater [13].  
 
The TWDB predicts that existing surface water supply in 2010 will be 9.0 million acre-feet/yr, 
and 6.3 million acre-feet/yr of that amount is in the form of the state’s reservoirs [13]. The 
TDWB notes that the permanent permitted consumptive water rights are 20.0 million acre-feet/yr 
[13]. As the overall usage of the states surface water resources grows in the future, the mismatch 
between surface water availability and the permitted water rights will undoubtedly lead to 
conflicts, particularly during periods of sustained drought.     
 
Groundwater is primarily used for irrigation (79% of irrigated water is from groundwater) and 
36% of municipal demand is supplied by groundwater. Existing groundwater supplies (amount 
that is permitted and can be extracted with existing infrastructures) are estimated to be 8.5 
million acre-feet in 2010, and that supply is predicted to drop 32% to 5.8 million acre-feet/yr by 
2060 [13]. There are several reasons to believe that future electric power projects will 
increasingly utilize groundwater. For example, almost all the water sources proposed for 
potential FutureGen2 power plant sites in Texas were based on groundwater resources. 
 
 
III. Withdrawal and Consumption of Water in Electricity Generation 
 
Most power plants in Texas require the withdrawal of a large amount of water for cooling of 
thermoelectric steam turbines.  Figures 5 and 6 describe general trends for the amounts of water 
withdrawn and consumed, respectively, in gallons/MWhe (MWhe = equivalent megawatt hour), 
for power plant technologies that are water intensive [7].  See Appendix B for numbers 
associated with Figures 5 and 6.  Included in Figures 5 and 6 is water quantity related to the 
attainment of the fuel sources, but not included is water used for manufacturing and assembly of 
the power plants themselves.  Other methods of generation including PV solar and wind are not 
included as they use and consume very little to no water during normal operations, and that water 
used is mostly for washing and cleaning the systems. 
 
 

                                                
2 FutureGen was the US Department of Energy project, now cancelled, to build a full scale ‘closed system’ 
integrated gasification combined cycle coal plant with carbon capture and sequestration capability.  A Texas 
proposal was a finalist for the project, which was awarded (to an Illinois project) and retracted in early 2008. 
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Figure 5. Water withdrawal for power generation from various methods [7]. 
 

Figure 6. Water consumption for power generation from various methods [7]. 
 
Fossil fuel and Nuclear:  Water Withdrawal 
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There are major differences in water usage between open loop (OL) and closed loop (CL) 
methods for thermoelectric generation cooling.  Water withdrawals for nuclear, coal, and gas 
power OL cooling are over an order of magnitude higher than for CL methods.  The OL methods 
withdraw the most water at 20,000 – 60,000 gallons/MWhe for coal and nuclear, and 8000 – 
15,000 gallons/MWhe for natural gas in a combined cycle.  The CL methods withdraw much less 
water at 300-600 gallons/MWhe for coal, 500-1,100 gallons/MWhe for nuclear, and 230 
gallons/MWhe for natural gas (see Appendix B for chart) [7]. 
 
Fossil and nuclear power plants provide 98% of the Texas electric energy and 79% of 
thermoelectric water withdrawal is used in open loop cooling for condensing the steam used in 
the steam turbines (see Table 2) [8].  All of open loop thermoelectric cooling in Texas is from 
surface water, and 99.5% of cooling overall is from surface water.  This is distinctly different in 
terms of water source than for irrigation, the second-most water-withdrawing sector in Texas, 
where 75% of the 8,630 Mgal/d is from groundwater.  
 
Table 2.  Comparison of water withdrawal of groundwater and surface water for thermoelectric power. (Some data 
from reference [8] has summing errors due to rounding).  OL = open loop or “once-through” cooling. CL = closed 
loop cooling. 

  Thermoelectric Power - Water Withdrawals 
 Groundwater 

(Mgal/d) 
Surface water 

(Mgal/d) 
 Fresh 

(OL/CL) 
Fresh 

(OL/CL) 
Saline 

(OL/CL) 
Total 

(OL/CL) 

Texas (2005)a 339  
(0/339) 

20,900b  
(15,700/5,240) 

9,178  
(9,200/3) 

30,500  
(24,900/5,600) 

Texas (2000) [8] 60.2 
(0/60.2) 

9,760 
(6,990/2,770) 

3,440 
(3,440/0) 

13,260 
(10,400/2,830) 

United States [8] 
(2000) 

409 
(0/409) 

135,000 
(119,000/16,300) 

59,500 
(58,000/1,530) 

195,000 
(177,000/18,300) 

a Data from EIA form 767 [EIA,2005] for ~ 50% of electrical generation (200 million MWh) in Texas in 2005 (2005 
electrical generation was 397 million MWh) and 67% of installed nameplate capacity while also neglecting Texas’ 
two nuclear plants.   
b The EIA-767 data from 2005 neglect water usage for nuclear facilities and some open loop cooling systems that 
have been included here.  Specifically included here is data from Southern Illinois University [Dziegielewski and 
Bik, 2006] that estimate water withdrawal at Texas’ two nuclear plants with two reactors each as an additional 
3,800-4,000 Mgal/d at rates of 55 (Comanche Peak) and 39 gal/kWh (South Texas Project). 
 
Fossil fuel and Nuclear: Water Consumption 
 
As noted above, water consumption describes water that is not available for another use, usually 
due to evaporation.  Table 3 describes recent data from the TWDB for fossil fuel and nuclear 
thermoelectric power in Texas and the United States.  The quantities of water are approximately 
1%-4% of the total water that is withdrawn.  In Texas, nuclear power accounts for 64 Mgal/d of 
freshwater consumption while fossil fuel generation consumed the remaining 480 Mgal/d. The 
TWDB has projected that thermoelectric water consumption will be 1,369 Mgal/d by 2060, 
reflecting an average predicted annual increase of 14 Mgal/d. 
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Table 3.  Water consumption for thermoelectric power. [2, 13]  
Thermoelectric Power - Water Consumption 

 Groundwater 
(Mgal/d) 

Surface water 
(Mgal/d) 

 Fresh Fresh Saline Total 
Texas (2000) [13] -- -- -- 501 

Texas (2006)a 33 507 6 546 
Texas (2060)b [13] -- -- -- 1,369 

United States (1995) [2] -- 3,130 369 3,680 
a Bureau of Economic Geology calculations with data from TWDB [13]. 
b Projected numbers from the regional reports used as basis for reference [13].  
 
Open Loop versus Closed Loop Cooling 
 
In comparing OL to CL steam power cooling methods, the CL methods withdraw 1-2 orders of 
magnitude less water (100s of gallons/MWhe instead of 1000s-10,000s of gallons/MWhe).  On 
the other hand, the CL methods consume one-and-a-half to twice as much water due to 
dissipating nearly all heat by evaporation.  This trend is fairly consistent across the various 
steam-electric generation methods of coal, nuclear, and natural gas combined cycle (see 
Appendix B).  
 
An example calculation shows that an 800 MW coal power plant running as a base load facility 
consumes water in the range of 6-9 Mgal/day (closed loop).  The plant withdraws water at a rate 
of 6-12 Mgal/day for a CL system and 380-960 Mgal/day for an OL system.  To put perspective 
upon these numbers, if the coal plant operated 85% of the year as OL, it would withdrawal 
between 120 – 300 billion gallons, or 1-2 times the volume of Lake Conroe (storage of 416,000 
acre-ft = 136 billion gallons) [9].  Of course this withdrawn water is returned at high 
temperature, and the environment performs the work of cooling it back to ambient for later reuse.  
Past studies have shown that approximately 30%-60% of the heat transferred to a cooling 
reservoir by OL cooling is dissipated by evaporation [15].  For this example calculation, the OL 
water consumption amounts to approximately 1.8 billion gallons in a year, or the amount of 
water that 30,000-70,000 city residents consume.  As stated earlier, CL water consumption for 
the coal plant would be roughly 1.5 times as much at 2.5–3.0 billion gallons in a year. 
 
There are also methods of cooling steam-based power plants without water, and these are 
referenced in Figures 5 and 6.  Dry or air cooling methods consume and withdraw very little to 
no water, 0-30 gallons/MWhe, as compared to even CL methods, but the tradeoff is in efficiency 
of the entire electricity generation plant because air is less capable of extracting heat than water.  
This efficiency decrease then translates to higher costs.  Two studies estimated that dry-cooled 
systems impose a cost penalty ranging from 2 to 5 percent [10] and 6 to 16 percent [11] for the 
cost of energy compared to evaporative CL cooling [7, 10, 11].  Thus, water is saved, but more 
and/or larger power plants and cooling systems must be built to increase the overall rate of fuel 
consumption to deliver a given amount of electricity.  If water is relatively inexpensive (< $3 per 
1000 gallons) and relatively available compared to fuel, there is little incentive to require 
extreme water conservation and thereby assure more expensive electricity [14].  Whole system 



 

 

20 

thinking and proper valuation of water and electricity services can insure the best economic and 
ecological choices are made.  
 
Thermoelectric Power Water Consumption Projections  
 
In Texas it has been customary to build a fossil or nuclear power plant next to an existing 
reservoir or build a reservoir as part of the coal plant project.  This relationship provides 
necessary access to a large supply of cooling water used in OL cooling methods common in 
Texas.  A 2003 report provided by the Texas investor owned utilities (IOUs) to assist the TWDB 
in preparing the 2007 State Water Plan states that: 
 

“Many electric generation providers in Texas have surplus water supplies 
contracted or developed to provide for future generation. This is in conformity 
with the state goals … to engage in proper water resource planning before 
supplies are actually needed for such critical societal functions as the provision of 
electric power. This contracted or developed, but as yet unused, water will 
provide the cooling for an undetermined amount of future generation. It is 
estimated that this currently unused water is adequate for at least thirty-five years 
of generation growth, …” [14] [emphasis added] 

 
As an example of this surplus water availability, TXU, a Texas IOU, previously considered an 
additional 858 MW plant at its existing Big Brown location [22].  This facility is located on 
Fairfield Lake with a surface area of approximately 2159 acres as listed by Texas Parks and 
Wildlife.  There are two existing power trains at Big Brown amounting to 1130 MW of peak 
power.  Thus, adding the formerly proposed 858 MW capacity amounts to a total of 1988 MW, 
which is near, but below a “1 MW/acre of lake surface area” ratio rule of thumb for OL cooling.  
Another formerly proposed 858 MW coal plant addition to the TXU Monticello location, at Lake 
Monticello, would have amounted to a total of 2738 MW peak capacity on a 2100 acre lake (a 
1.3 MW/acre ratio).  The reservoir surface area is important as evaporation rates are proportional 
to the exposed water surface, and evaporation accounts for over half of the dissipated energy 
from OL cooling in reservoirs [15].  
 
A question arises: Will the practice of near total reliance on OL cooling using surface water need 
to change?  The answer is likely yes. Although it has been suggested by the IOU report that this 
can occur slowly over the next 35 years as thermoelectric cooling supply is predicted to be 
adequate until 2037-2045 [14], this analysis may not reflect the new reality of the future of Texas 
electric power production following the takeover of TXU.   In addition the IOU report is based 
on an average state-wide model that does not take into account, local and regional variation in 
water availability that will result in different water issues from region to region.  The 2007 State 
Water Plan addresses these regional needs and can be a basis for near and long term planning 
[13].  
 
There are many factors for evaluating reservoir size, and Texas utilities have room for 
thermoelectric generation expansion within existing plant sites for natural gas or coal-based 
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power.  Establishing thermoelectric generation at new, or greenfield, sites presents more 
difficulty due to the need to obtain adequate water supplies and water rights.  In addition there 
are more stringent environmental regulations regarding cooling water intake at greenfield 
facilities. These regulations have been grandfathered as 316(b) Phase II, dealing with existing 
facilities, has been suspended due to legal challenges [16, 17, 24].  Some regulations, such as 
Chapter 316(b) of the Clean Water Act, make CL cooling methods more attractive because of 
restrictions on the velocity of intake.  These regulations may encourage new thermoelectric 
generation to be based on CL cooling that withdraws much less water, but consumes 
approximately twice as much.  
 
The existing water rights in Texas have accounted for most of the surface water.  To continue the 
use of OL cooling for thermoelectric generation, one needs to consider that the new steam 
generation unit will likely need to be located at one of four types of locations:  
 

(1) at an existing steam generation site with adequate water supply (good for existing IOUs 
with surplus of water),  

(2) at an existing reservoir or water supply with no existing steam generation (new 
environmental regulations),  

(3) at a newly established reservoir with no existing steam generation (perhaps coordinated 
with TWDB 2007 State Water Plan for new reservoirs), or  

(4) coastal areas where sea water can be used for cooling.  
 
Other alternatives include using CL cooling methods (that require less total water for 
withdrawal) or electricity demand approaches, such as non-hydroelectric and water-conserving 
renewables and efficiency programs, that use no extra water and reduce water demand.  We 
specify “non-hydroelectric” renewable energy sources for two reasons: (1) hydroelectric power 
consumes essentially no water, but requires water withdrawal, or flow through, to generate 
power – if the water is not there at all, there can be no power, and (2) in Texas hydroelectric 
power contributes less than 1% of power capacity and only 0.3% of electricity with little 
potential for any significant amount of hydroelectric power in the future. 
  
Thermoelectric Water Consumption/Withdrawal Projections 
 
By using the projections of water demand as provided by the TWDB, we can project the future 
water withdrawal that is necessary for steam-electric power generation.  With the projections of 
steam-electric demand at 674 Mgal/d in 2010 and 1,369 Mgal/d in 2060 [13], the water 
withdrawal may or may not increase in the near future.  It is possible that existing plant locations 
can expand and use open loop cooling systems for those expansions, but the owners of those 
locations may see better profit in selling those excess water rights while investing in closed loop 
cooling towers for power plant expansions.   
 
The ratio of thermoelectric water demand to withdrawal is 1% (using data in Tables 2 and 3) 
with two-thirds being fresh water [13, 8].  In other words, between 25 and 100 times as much 
water is withdrawn than consumed for thermoelectric generation.  Likely, the water withdrawal 
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will be less in 2060 because of EPA restrictions on water intake for newly established generation 
sites that will invariably be needed during the next 50 years [16, 17].  Also, the TWDB water 
demand projections, as seen in Figures 3 and 4, already account for using more CL cooling 
methods for most of the newly established generation at greenfield sites [13, 14]. 
 
New Power Plant Technology and Increased Efficiency 
 
If a pulverized coal power plant has 30-35% energy efficiency then roughly two-thirds of the 
energy released by coal combustion is waste heat that is currently dissipated using water.  In 
general, the higher the energy efficiency of the coal based electric power production technology 
the lower the water usage on a per MW basis.  As the average efficiency of Texas power plants 
increases in the future, the water usage per MW will decline (in the absence of other factors).  
New coal power methods, such as IGCC, can potentially also lower water consumption due to 
both efficiency enhancements and over 30% less water needed per MW generated. 
 
Distributed power projects, achieving higher energy total thermal efficiency (over 60% at times) 
by co-production of electricity and steam for use in industrial and commercial applications will 
play a similar role to conversion to more efficient generation technologies. For instance, 
cogeneration units sited with buildings in need of air-conditioning can use the ‘waste’ heat to 
provide chilled air and water via adsorption chillers.  
 
 
IV. Electricity consumed during Water Use 
 
A recent report from the U.S. Department of Energy to the U.S. Congress states:  
 

“Satisfying the Nation’s water needs requires energy for supply, purification, 
distribution, and treatment of water and wastewater. Nationwide, about 4 percent 
of U.S. power generation is used for water supply and treatment, which … is 
comparable to several other industrial sectors [including paper and pulp, 
chemicals, and petroleum refining]. Electricity represents approximately 75 
percent of the cost of municipal water processing and distribution.” [7] 

 
Increased power usage related to water supply for Texas cities is inevitable as pumping increases 
to bring water from greater distances and as desalination of brackish water starts to become a 
significant component of the water supply.  Nonetheless, given the amount of electricity used in 
water supply and treatment, changes in the supply or availability of electricity are not expected to 
have a major impact on water production and demand [19]. 
 
Water and Wastewater (Municipal and Public Supply) 
 
There is growing interest in understanding and promoting energy efficiency in the water and 
wastewater industries. Water and wastewater technologies are energy intensive.  It is estimated 
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that about 50-55 billion kWh of electricity, or 1.4% of U.S. total, is used in the United States 
each year for public/municipal water and wastewater treatment [5, 18].  This electricity usage is 
split nearly equally between freshwater water supply, or delivery, and wastewater treatment [19]. 
 
Local governments own approximately 60% of water systems and 85% of wastewater systems.  
The funding for these systems is usually through user fees and some through funds from general 
revenues.  Municipal water and wastewater systems represent approximately 35-60% of the 
energy bill for the municipality [5, 18].  In an American Council for and Energy-Efficient 
Economy report, industry survey results regarding water and wastewater energy usage indicate 
the major areas for energy efficiency are system optimization (e.g. proper sizing of components, 
operations at off-peak electricity demand times, etc.) and urban land use planning that governs 
wastewater pretreatment at the source and minimizes the distribution network required for water 
delivery and wastewater collection [18]. 
 
The major energy cost of water and wastewater handling is for pumping to the distribution 
system at 80-85% of the total energy.  The Electric Power Research Institute (EPRI), a non-profit 
research organization for the energy and energy services industry, states that economies of scale 
for water facilities is a good way to minimize the associated electricity costs.  EPRI states that 
increasing the size of facilities to handle larger daily flow rates, from 1 Mgal/d to 100 Mgal/d, 
decreases surface water treatment unit costs 5% (from 1,480 kWh/Mgal to 1410 kWh/Mgal) and 
wastewater treatment unit costs by 50-65% (from 1,810 – 2,950 kWh/Mgal to 670-1,558 
kWh/Mgal) depending upon the treatment techniques used [19].  From the EPRI analysis, it is 
not clear that whole system electricity per unit water would be reduced.  This uncertainty is 
because larger and more centralized wastewater treatment and water distribution centers require 
more water transport, which increases costs due to heavy reliance on pumping which is the 
major electricity consumer for water treatment.  Thus, whole system optimization and water 
planning can help find optimal sizes and distributions of water delivery and treatment facilities 
such that the overall water and wastewater systems, not just individual facilities, minimize 
electricity consumption.  
 
The concept of transporting water between water basins has now become more commonplace.  
Recently, the TWDB has awarded a total of $50 million to two Houston-area water authorities 
for water supply projects. The Coastal Water Authority received $28 million for a water 
conveyance system that will transfer up to 448,000 acre-feet per year of raw water from the 
Trinity River Basin to the San Jacinto River Basin in the Houston area to meet needs to year 
2060. The Central Harris County Regional Water Authority received $22 million for the 
installation of a series of surface water transmission lines, to participate in a re-pump station to 
be constructed by the North Harris County Regional Water Authority, and for the construction of 
a secondary surface water transmission system to its member districts. 
 
Another example of a long distance water delivery project in the planning stages is the LCRA-
SAWS (Lower Colorado River Authority-San Antonio Water Systems) Water Project, or LSWP 
(http://www.lcra.org/lswp/index.html).  This project plans to address San Antonio’s future water 
needs by moving 150,000 acre-feet of water per year from the Southern portion of the Colorado 
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River to the city of San Antonio [25].  An estimated 103-122 miles of 61-84 inch diameter pipe 
will transport the water using pumps running 24 hrs/day for 351 day operation, allowing 2 weeks 
downtime.  The total pumping costs, including transmission and extraction from the Colorado 
River and assuming 0.06 $/kWh, account for $17.9 - $21.6 million, or approximately 9-11% of 
the predicted annualized and depreciated cost of the project [25, 26].  Since 2008 electricity 
prices are nearly double the estimate of 0.06 $/kWh, annualized pumping costs are closer to $40 
million, and variable in the future.   
 
The estimated pumping energy consumption is 298 – 360 GWh (1 Gigawatt hour (GWh) = 1 
million kilowatt hours), or 1,986-2,400 kWh/acre-foot.  That amount of energy is 0.09-0.11%, or 
approximately 1/1000th, of predicted ERCOT energy usage for 2007.  Also, at peak pumping 
times when both the transmission and extraction pumps are operating at full capacity, the power 
load on the electric grid will be between 60-75 MW, or approximately 0.1% of the ERCOT 
power capacity.  The pumping electricity cost of the LCRA-SAWS water project for an average 
resident of San Antonio using 142 gallons per day [13] amounts to roughly 0.10 $/day using 0.09 
$/kWh.  Of course, pumping power costs go up directly with the cost of electricity making long-
term predictions difficult.  In comparison to California, energy is a significant component of the 
cost of Inland Empire Utilities Agency’s (IEUA) water supplies: from 400 (recycling) to 4,400 
(ocean desalination) kWh/acre-foot, or 1,228-13,503 kWh/million gallons [23, 30].  See Figure 7 
for comparable energy consumption for large conveyance and desalination projects.  
 
Pumping groundwater is, on average, even more energy intensive than moving surface water.  
The EPRI estimates “unit electricity consumption for supply from groundwater at 1,824 
kWh/million gallons … some 30% greater than for surface water.  This appears to be 
independent of the size of the pumping and treatment facility.  The predominant consumer of 
electricity is pumping.  About one-third of the electricity is used for well pumping, while the 
most of the balance is used for booster pumping into the distribution system.” [19] 
 
Thermoelectric Power Plant Electricity Usage for Water Pumping 
 
A future working paper will more fully discuss the efficiencies and operation of fossil fuel-based 
thermoelectric power plants, but a brief discussion is now warranted to explain the auxiliary 
power used to distribute water.  Here, auxiliary power will describe all internal power, or 
electricity, that is consumed to operate the power plant 
 
The auxiliary power of a coal plant amounts to 7-8% of the plant power output.  For example, a 
500 MWhe pulverized coal plant uses about 42 MW of internal power for various processes.  Of 
that 42 MW auxiliary power, approximately 14.7 MW is used for water pumping, or 2.7% of 
gross plant power [12].  Therefore, of the auxiliary power required in a typical pulverized-coal 
power plant, 30-40 % is used for pumping water for pollution controls and water movement.  
 
Natural gas combined cycle (NGCC) plants are perhaps the most energy efficient fossil fuel 
generation method. NGCC systems use less water and electricity for pumping as only 
approximately 1/3 of the net power generation comes from the thermoelectric steam turbine.  
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Auxiliary power consumption in NGCC plants is near 1.5-3%, and approximately 33-38% of the 
auxiliary power is due to pumping water or steam for various purposes.  These ratios result in 1% 
or less of gross plant power being consumed for pumping water. 
 
Electricity for Desalination 
 
The TWDB 2007 State Water Plans recommends 2% of Texas 2060 new water supply come 
from desalination.  This includes using seawater and brackish water sources that can come from 
groundwater, perhaps as ‘produced’ water when mining for oil and natural gas, although much 
produced water is reinjected for enhanced recovery processes [13].  Desalination requires as 
much or more energy as large distance conveyance, and energy costs are the principal barrier to 
greater use of desalination technologies.  In fact, there is no shortage of water.  Rather, there is a 
shortage of cheap energy to convert saltwater to freshwater and transport that water to the point 
of need [5].  This fact points to the importance of using whole system design for evaluating water 
needs with regard to the quantity, quality, and location of water resources.  Figure 7 shows the 
range of electricity usage for desalinating brackish and saline waters.  The electricity usage 
ranges are large signifying the unique nature of each project.  Depending upon the 
circumstances, desalination can use more or less electricity than water conveyance projects.  
New technology has driven down the cost of producing freshwater from saline sources.  For 
example, the costs of desalination using reverse osmosis have fallen from about $23 per 1,000 
gallons in 1978 to about $2 in 2001.  Energy accounts for about 41 percent of the total cost of 
this process [5].  
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Figure 7. Electricity usage for desalination with comparisons to large public conveyance projects (California and 
Texas LCRA-SAWS transmission electricity only) [reproduced, from 7 with modification].  
 
 
 
 
V. Environmental Effects of Energy upon Water Resources  
 
The Department of Energy states:  
 

“The energy sector also can impact water quality via waste streams, runoff from mining 
operations, produced water from oil and gas extraction, and air emissions that may affect 
downwind watersheds. Available surface water supplies have not increased in 20 years, and 
groundwater tables and supplies are decreasing. Ensuring ecosystem health could further 
constrain freshwater supplies. At the same time, populations continue to grow and move to 
areas with already limited water supplies.” [7] 

 
Water Quality 
 
Regulations, such as the Clean Water Act Chapters 316(a) and 316(b), govern how much heat 
can be discharged to a given size reservoir and how fast cooling water can be collected to protect 
marine wildlife.  These laws and others limit water intake and discharge to protect marine 
species and maintain recreation (fishing and boating) and economic (seafood) resources for 
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Texas.  In regions where there is no marine life, improper discharge of brackish and saline waters 
produced from mining can reduce soil quality and fresh groundwater for farming.  Desalination 
and other proper reuse methods are available to minimize environmental damage. 
 
Estuary Inflows 
 
The use and consumption of water limits the opportunities for downstream users.  Texas and 
other states with borders along coastlines have an added responsibility to protect coastal 
watersheds and bays that are sources of both economic prosperity (seafood, tourism, recreation, 
etc.) and ‘free’ ecological work (filtering of wastes in streams, breeding of juvenile marine life).  
Without proper inflow of fresh water from rivers such as the Guadalupe, Nueces, and Colorado, 
the bay system becomes too saline and loses productivity.  The estuaries and bays of Texas 
contribute approximately $2.5 billion per year to the state economy indicating that proper 
ecological care translates to economic benefits [13].  
 
In the past, Texas policy has protected the economic and environmental, or natural capital, 
benefits of Texas bays and estuaries.  Past bills from legislative sessions document this history.  
One of the latest examples is the 2003 SB 1639 that requires the state “provide for the freshwater 
inflows necessary to maintain the viability of the state’s bay and estuary systems.”  The impact 
of the competing needs for freshwater between humans and ecosystems is exemplified in the 
LCRA-SAWS water conveyance project.  As planned, this project predicts insignificant change 
in inflow into Matagorda Bay with or without the LCRA-SAWS project, but full ecological 
studies are still ongoing as of this writing.  If the LCRA-SAWS project is completed as planned, 
it could serve as a model for future projects that involve the transfer of water across water basin 
boundaries which flow into bays and estuaries [21].  All competing demands between wildlife, 
irrigation, and municipal demands need to be balanced. 
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Appendix A 
 

Definitions of Water Withdrawal and Consumption Sectors 
 

Sector Texas Water Development Board U.S. Geological Survey 
thermoelectric 

power 
 mainly cooling water in fossil fuel and 

nuclear power generation 

steam-electric coal-fired and nuclear power generation plants  
irrigation commercial field crop production watering for agricultural crops and pastures 

or to maintain vegetative growth on 
recreational lands 

public supply  water withdrawn by public and private water 
suppliers that furnish water to at least 25 
people or have at least 15 connections 

municipal residential, commercial (nonindustrial 
businesses, such as restaurants and office 
buildings), and institutional water users 
(schools and government facilities) in 
communities with 500 people or more 

 

county-other residential, commercial, and institutional 
water users in communities with less than 500 
people or in unincorporated rural areas in a 
given county 

 

domestic  self-provided water to homes and small 
buildings via sources such as wells 

mining key mining sectors in the state, such as coal, 
oil and gas, and aggregate producers 

extraction of minerals and resources from the 
ground that includes coal, oil and natural gas 

livestock cattle ranches, feedlots, poultry farms, and 
other commercial animal operations 

drinking water for livestock, feedlots, and 
dairy operations 

industrial  self-supplied water for fabrication, 
processing, washing, and cooling 

manufacturing industrial firms, such as food processors, 
paper mills, electronics manufacturers, aircraft 
assemblers, and petrochemical refineries 
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Appendix B 
 

Water Withdrawal and Consumption by Thermoelectric Power Plants 
(Reproduced from [7]) 

 

 
 


