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Energy efficient technologies and renewable energy technologies are becoming less of a 

novelty in the American energy mix.  These technologies offer the promise of a 

decreased dependence on foreign oil, considerable savings of energy bills, and 

protections for the environment.  Despite the many potential benefits, these technologies 

face many barriers to adoption.  The lack of renewable energy technologies and energy 

efficient technologies is particularly damaging in the State of Hawaii, where 90% of 

energy needs are met with imported fossil fuels.  This report focuses on the current 

energy policies in Hawaii and the barriers to the incorporation of renewable energy 

technologies and energy efficient technologies, specifically solar water heaters. 
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Chapter One:  Introduction 
 

In recent decades, sustainable development technologies and strategies have 

begun to gain popularity in design and construction practices.  Aimed at conserving 

energy and minimizing wastes, energy efficient innovations have facilitated more 

sustainable development as well as significant energy savings compared to traditional 

development.  Despite the many benefits of conservation techniques, particularly in 

residential development, these strategies are not yet part of the mainstream practices of 

the industry.  The slow development of energy efficient technologies and renewable 

energy technologies coupled with the steady rise of energy prices could be setting the 

course for future shortages.   

The State of Hawaii relies on imported oil and coal for more than 90% of its 

energy needs (HI Energy Strategy 2000).  With no neighbors to come to the rescue in 

times of energy shortages, Hawaii is particularly vulnerable to the whims of foreign oil 

markets.  The state’s exaggerated dependence on imported fossil fuels works to weaken 

the economy by sapping revenues that could otherwise be invested in local business.  In 

addition to the draining effects on the economy, the environment suffers from a continued 

reliance on the burning of fossil fuels.  Hawaii’ s natural environment is its livelihood 

with tourism as the largest industry in the state.  Residents of the state have energy bills 

among the highest in the nation, despite relatively efficient consumption patterns.  The 

typical Hawaiian household uses less energy per month than the average American 

household, but pays higher monthly bills.  Housing costs in Hawaii are climbing along 

with the cost of energy, threatening the livelihood of island residents.      

The state of Hawaii is well situated to reverse the trend of fossil fuel dependency.  

The mild climate fosters the ideal environment to effectively employ many “Green 

building” strategies.  The constant trade winds facilitate natural ventilation and the sunny 

days provide solar energy for water heaters and electricity.  Yet, most new homes 

constructed in the state are lacking these simple, cost-effective technologies.  Information 

for retrofitting existing homes with these technologies is scant.  The continued omission 
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of these conservation strategies necessitates the perpetual expansion of conventional 

utility infrastructure in a land where petroleum-based fuels are exceedingly expensive.   

In recognition of the benefits of energy efficient technology and renewable energy 

technology, leaders in sustainable construction in Hawaii have identified “Three Big 

Bang” techniques to create high performance homes.  These techniques include using 

solar water heaters, insulating attics, and siting and orienting structures for natural 

ventilation and cooling (Building Industry Association-Hawaii, 2004).  These three 

techniques were identified as the most crucial due to the relative low costs of initiation 

and the enormous gains in efficiency.  Heating water for domestic use consumes as much 

as 40% of a Hawaiian household’s total energy (DBEDT, 2002).  Solar water heaters are 

relatively inexpensive to install, especially in new construction, and they can pay for 

themselves in as little as three to six years and then begin to provide free hot water for 

years to come (Barnett, 2001).  Despite these factors, solar panels and piping are not 

standard issue in the state and particularly on the Island of Hawaii.  This can be attributed 

to a variety of barriers to energy efficient technologies and renewable energy 

technologies ranging from consumer ignorance to stubborn industry practices.         

In the face of the seemingly self-defeating energy procurement practices, many 

questions arise.  Are alternative energy technologies crucial to Hawaii’s future?  What 

technologies provide the most promising substitutes for traditional energy sources?  What 

obstacles are preventing the adoption of alternative energy technologies, particularly in 

Hawaii?  What policies and practices are in place to encourage the adoption of alternative 

energy technologies like solar water heaters?  What policies need to be in place to see an 

increase in the adoption rates of energy saving technologies in the state of Hawaii? 

In an effort to answer these questions, a literature review was performed, state 

policies were evaluated, and press accounts were considered to get an idea of what 

policies are in place and how they trickle down to residents.  Interviews with state and 

local government offices, utility representatives, and consumers were carried out for first-

hand impressions of the standing of solar water heating technologies.  In addition, a 

consumer survey was done to assess the general public’s impressions of solar water 
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heaters.  The results of this research are presented in the following document.  Chapter  

two provides an overview of the significance of the energy problems in the state of 

Hawaii.  Chapter three explores some cost effective energy efficient technologies that are 

best suited for residential use in Hawaii.  The fourth chapter concentrates on solar water 

heaters and the costs, benefits, and incentives associated with them.  This chapter also 

includes a survey of perceptions of solar water heaters.  Chapter five explores the barriers 

to energy efficiency and renewably energy technologies in general, and in Hawaii.  The 

final chapter offers an assessment of the successes and failures of current solar water 

heater promotion programs and some recommendations to overcome persistent barriers 

and to enhance current programs. 

 

 

Figure 1.1  The Island of Hawaii Seen from Space 
 

 
Source:  NASA photo from space. 
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Chapter Two:  Energy in Hawaii 
 

There is no place like Hawaii, an isolated chain of islands often called paradise.  

The state is a top tourist destination that provides an escape from the rigors of daily life 

for over 7 million visitors a year.  Hawaiian residents, however, are not on vacation and 

must forge policies and practices to deal with all of the dirty details of daily living.  This 

chapter will examine how energy policies and practices are shaped by the Hawaii’s 

unique location,  economy, and history. 

 

Figure 2.1  The Major Hawaiian Islands 

 
Source:  The Holland Coffee Company. 

 

State of Hawaii 

The Hawaiian Islands are the most isolated of all developed archipelagos in the world.  

2,400 miles separate the islands from the mainland United States.  The State of Hawaii is 

divided into five counties:  the County of Kauai, City and County of Honolulu, the 

County of Maui, the County of Hawaii, and the tiny County of Kalawao, a remnant of the 

leper colony on the Island of Molokai.  With the exception of Kalawao whose only 

county official is the sheriff, “Mayors” serve as top county executives.   
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Figure 2.2  The Five Counties of Hawaii 

 
Source:  The Holland Coffee Company. 

 

Hawaii has maintained a highly centralized state government, reminiscent of the 

monarchy that once ruled the islands.  Most major public services and facilities are run by 

the state; including schools, airports, libraries, and harbors.  State income tax, excise tax 

and hotel room tax support the state government, leaving real property taxes to fund 

county governments.   

Hawaii is home to about 1.3 million people, distributed over just seven of the 131 

islands in the chain.  Hawaii is ranked 47th among the states in land area and 42nd in 

population.  Hawaii has a unique demographic make up with no ethnic majority.  

Caucasians, Japanese, and Hawaiians each make up about 20% of the population with 

Filipinos at about 13% (Blane, 2001).  The Island of Oahu, with Hawaii’s only major 

city, Honolulu, is home to 72% of the state’s population (Enterprise Honolulu, 2006).  

Population projections for the state and County of Hawaii anticipate that the Island of 

Hawaii, nicknamed the “Big Island”, will grow faster than the state as a whole (as shown 

in Table 2.1).  This phenomenon can be attributed to the relatively undeveloped Big 

Island that boasts 62% of the state’s total land area of about 6,400 sq. mi. while Oahu, 

home of Honolulu, only comprises about 9% (Wikipedia, 2006).   The 2000 Census 

showed that the number of households on the Island of Hawaii increased 27.8% since 

1990.  This growth is outpacing the population growth due, in part, to an decrease in 

household size and family size (US Census, 2000).   
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Table 2.1.  Resident Population Projections,              
State and County of Hawaii:  2000 to 2030 

Year State Total % change Hawaii County % Change 
2000 1,212,670  149,261  
2005 1,277,950 5.4% 163,000 9.2% 
2010 1,346,600 5.4% 176,750 8.4% 
2015 1,418,650 5.4% 190,300 7.7% 
2020 1,489,550 5.0% 203,050 6.7% 
2025 1,560,400 4.8% 216,150 6.5% 
2030 1,630,450 4.5% 229,700 6.3% 

Source: Hawaii State Department of Business, Economic Development, and 
Tourism, Website: http://www.state.hi.us/dbedt
 

 
 
Hawaiian Economy 

The Hawaiian economy has been shifting away from agriculture to tourism in the past 

twenty years.  Sugar cane was a powerful shaping force in Hawaii’s history.  Sugar 

plantations brought Japanese, Filipino and Chinese workers to the islands.  With the 

advent of jet airplane travel and the coinciding annexation of Hawaii into the United 

States in 1959, a tourism boom began.  Many agricultural workers left the fields for the 

resorts.  Labor shortages, unionized workers, rising property values, and foreign 

competition began to weaken the sugar industry (Kauai Sugar Plantation Tours, 2003).  

Simultaneously, the tourism industry continued to grow, welcoming over 7 million 

visitors and $11 billion per year (Blane, 2001).  With an economy based on tourism and 

tourism dependent on the natural beauty of the islands, strict environmental protection 

measures are essential to the prosperity of Hawaii.  After tourism, retail and services, and 

agriculture, construction plays a major role in the Hawaiian economy.  Since 1997 there 

has been a boom of development fueled by the construction of homes primarily on the 

west coast of the Big Island.  The following graph illustrates this phenomenon. 
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Figure 2.3. Residential Building Permit Values for Hawaii County 
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Source:  Big Island Data Book and Newcomer Guide 2002-2003. 

 
A 2002 New York Times article pointed out that there were over 3,000 acres 

under construction simultaneously within a 20-mile stretch of the Kona coastline depicted 

in the following figure (Hawaii Data Book, 2002-2003).  Most of this new development 

is in luxury communities providing vacation homes for out-of-state residents.     

 

Figure 2.4  The Kona Coast of the Island of Hawaii. 

 
Source:  University of Hawaii at Hilo. 
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Energy Policy in Hawaii 

In 1995, Hawaii was ranked 50th in the United States in per capita energy consumption.  

This is not surprising considering the relatively short distances to travel and the limited 

demand for air conditioners or heaters.  Despite the efficiency of consumption, energy 

rates are 5th highest in the nation.  In 1997, 8% of Hawaii’s Gross State Product went to 

cover the cost of energy.  With 90% of Hawaii’s current energy needs met by imported 

petroleum products, and foreign oil comprising 71% of that, Hawaii’s economy is at the 

mercy of foreign oil markets.  Modeling of spikes in oil prices predicted that Hawaii 

would suffer significant economic woes with a greater portion of the GSP going toward 

oil, and thereby out of the state’s local economy.  With so much money leaving the state, 

personal incomes would drop without the benefit of local multiplier effects.  In addition, 

if global oil prices increase, airline ticket prices increase, and prospective tourists to 

Hawaii would find their vacation funds to be insufficient and diverted to energy needs at 

home (HI Energy Strategy 2000).  While these global petroleum price fluctuations are far 

from predictable or controllable, Hawaii can insulate itself from the damaging effects of 

reliance on foreign petroleum products by adjusting consumption patterns at home.  

Efforts to do just that have been underway since the 1970s.   

      

Evolution of the Energy Policy in Hawaii 

Following the Arab oil embargo of the 1970s,  state government officials steered 

Hawaiian energy policy toward the use of more renewable resources.  Following the lead 

of the federal government, in 1974 Hawaii Governor Ariyoshi appointed a State Advisory 

Task Force on Energy Policy to investigate strategies to wean Hawaii from its petroleum 

dependency.  The Task Force identified many potential renewable energy sources such as 

geothermal, wind, hydroelectric, solar, biomass, and ocean energy that could provide an 

energy mix to lead Hawaii toward self-sufficiency (Hawaii Natural Energy Institute, 

1975).  Studies were conducted for each of the Hawaiian islands with promising 

predictions for future energy sustainability.  A 1979 study done in Maui predicted that the 

island could be self-sufficient by 1995 through conservation and the use of wind, solar, 
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and geothermal energy (Hawaii Natural Energy Institute, 1979).  A study of the Big 

Island predicted that despite the anticipated population growth of 90% from 1978 to 

1990, the use of renewable energy and conservation practices would limit the increase in 

fuel imports to just 4 to 6% (SRI International, 1980).  Hawaiian renewable energy 

development had a promising start, but like many other programs throughout the nation, 

the infusion of cheap, plentiful petroleum during the 1980s worked to remove the 

momentum and the incentives to strive for oil independence.  Many federal tax credits  

for consumers implementing the use of renewable energy expired.  As sugar plantations 

began to close, the practice of converting agricultural waste into energy began to decline.  

Hawaii’s renewable energy production began to slump.  With jet fuel significantly 

cheaper, tourism to Hawaii picked up again and many of the renewable energy programs 

shifted to the background of public awareness and political attention.   

Many ideas for conservation and renewable resources did become infused into 

Hawaii’s energy policies and several key programs survived.  The Energy, Resources and 

Technology Division of the Hawaii Department of Business, Economic Development and 

Tourism, charged with ensuring the quality, reliability, security, and environmental 

responsibility of energy supplies, was instrumental in picking up where federal tax credits 

left off.  State tax credits were made available for projects that relied on renewable 

resources.  Given that Hawaii’s tenuous hold on energy security was not greatly 

improved by the importation of cheap oil in the 1980s, policymakers were prudent in 

maintaining a “green” outlook on the energy needs of the future.  Hawaii state law 

requires that the State Energy Resources Coordinator guide state planning and policy 

toward self-sufficiency, energy security, dependability, efficiency, and pollution 

reduction and avoidance.  Attaining these goals has proven to be beyond the reach of the 

tools currently available to shape energy use in Hawaii.  Strong dependence on imported 

petroleum has proven to be a hard habit for the state to break with over 90% of its energy 

supplies delivered to its ports.  According to the 2004 Report on the state’s energy 

resources, Hawaii’s energy use and expenditures grew by 4.6% from 2003 to 2004.  The 

report showed that in 2003 per capita energy consumption increased by almost 4% from 
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the previous year.  The rising oil prices of 2003 marked energy costs of $3.69 billion, up 

19% from the previous year despite an increase of 9.7% in renewable energy production 

(Energy Resources Coordinator, 2004).  Running a household in Hawaii is becoming less 

affordable as monthly expenses soar.  The following table illustrates that over thirty 

percent of households earning less than $75,000 a year are spending 35% or more of their 

income on monthly housing costs.  As a point of reference, the median household income 

for 1999 was $49,820 (US Census, 2000).  

 

Table 2.2.  Monthly Household Costs as Percentage of 1999 
Household Income in the State of Hawaii  

Household Income 
in $ thousands >10 10 to 20 20 to 35 35 to 50 50 to 75

% of 
Households 

Less than 20% 7.8 34.7 46.5 43.9 41.8 40%
20 to 24% 4.8 10.9 5.2 6.6 10.7 8%
25 to 29% 6.1 7.1 5.3 7.3 11.6 9%
30 to 34% 5.3 5.4 4.3 6.5 11.5 8%

35% or more 58.2 41.9 38.6 35.6 24.4 34%
not computed 17.9 0 0 0 0 1%

Total Households 5,981 9,759 19,645 22,973 39,038 97,396
Source:  US Census, 2000.  Compiled by Julie Murray. 

      

Wary of the effects of expensive, unreliable energy sources, government entities have 

recognized the need to intervene to protect the economy, the environment, and the 

livelihood of the citizenry. 

 
Energy Utilities 

The vulnerability of Hawaii to the fluctuations in petroleum prices prompted the current 

governor, Linda Lingle, to draft legislation requiring electric utilities in the state to hasten 

the pursuit of renewable resources.  The Renewable Portfolio Standards established by 

Act 95 mandates that 15% of utility energy must be produced from renewable resources 

by the year 2015 and 20% by 2020 (Global Energy Concepts, 2004).  As of 2003, 8.2% 

of Hawaii’s energy production comes from renewable resources (Energy Resource 
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Coordinator, 2004).   Figures 2.5 and 2.6 illustrate the diversity of fuel types used in the 

state during a 1997 study when renewable resources comprised only 6% of the Hawaiian 

fuel mix.   

 

Figure 2.5.  Percentage of Fuel Type Sold, Distributed, or Produced in Hawaii in 

1997 

*Residual fuel oil is a low grade, viscous product of petroleum distillation used in some industrial 
settings and in the boilers of some large ships.  

Diesel
11%

Gasoline
16%
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LPG
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Source:  State of Hawaii Department of Business, Economic Development & Tourism.  
Hawaii Energy Strategy 2000.  Compiled by Julie Murray. 

 

Figure 2.6 below shows the breakdown of renewable fuels used in 1997.  Bagasse, the 

burning of agricultural waste biomass, made up the largest share of renewable energy 

production, with municipal solid waste, and solar water heating closely trailing.  With the 

continued decline of agricultural operations in the state, the use of bagasse is expected to 

decline in kind.     
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Figure 2.6.  Renewable Resources in Hawaii in 1997. 
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Source:  State of Hawaii Department of Business, Economic Development & Tourism.  
Hawaii Energy Strategy 2000.  Compiled by Julie Murray. 
 
 

Hawaii Energy Industries is the owner of all of the electric utilities in the State of 

Hawaii.  It owns Hawaii Electric Company (HECO) that services Oahu and acts as the 

parent company of Maui Electric Company (MECO) and Hawaii Electric Light Company 

(HELCO) that operate on Maui and the Big Island respectively.  HECO is the primary 

policy maker for the utilities and acts as the state’s electric utility representative. Of the 

energy sold on the island of Hawaii, nearly 40% is used for residential purposes, as 

shown in the Figure 2.7.  
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Figure 2.7.  Electricity Sold in the County of Hawaii. 

Source: Hawaii Electric Light Company, Inc., Energy Services Department. 
Compiled by Julie Murray.
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Residential customers include those with a single metering device.  Master-metered 

apartments and condominiums are considered commercial customers and grouped in with 

General Commercial clients.  Commercial cooking customers primarily use electricity for 

air conditioning and refrigeration.  Large power service customers are typically industrial 

operations.   

 
The Public Utilities Commission  

There are very few utility companies in Hawaii, resulting in depressed competition.  In 

order to balance any monopolies, the state established the Public Utilities Commission 

(PUC), a regulatory branch of the state’s Department of Budget and Finance.  The PUC is 

in place to ensure that the energy utilities practice Integrated Resource Planning, or IRP.  

Through IRP, utilities are required to consider all practicable energy sources in meeting 

future needs.  Consideration must be given to the impacts of each of the potential sources 

on “consumers, environment, culture, community lifestyle, state economy, and society”.  

In addition, the utilities must strive to 1) protect the environment, 2) produce electricity 

economically, 3) maintain power quality and reliability, 4) provide energy security and 
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sustainability, 5) minimize potential negative societal and cultural impacts, 6) increase 

plan flexibility, and 7) maintain financial integrity and competitiveness (Hawaii Electric 

Company, 2005).  Each utility company must create an Integrated Resource Plan, or IRP.   

 

Integrated Resource Planning 

Hawaii Electric Company (HECO), the parent company for all of the major electricity 

utilities in the state, recently released its third Integrated Resource Plan (IRP) to address 

the procurement of energy through the year 2025.  The Public Utilities Commission 

ordered HECO to initiate this report in response to the changing economy and oil market 

and to abide by the Resource Portfolio Standard of 20% renewable energy by the year 

2020.  In order to meet this mandate and provide a stable energy supply, HECO 

approaches energy efficiency through managing resources that supply energy and through 

providing programs that reduce and better manage energy demand.  Using demand-side 

management strategies, HECO plans to extend several of its existing energy efficiency 

programs in addition to adding new programs.  HECO plans to expand on the Residential 

Efficient Water Heating Program that supports the use of solar water heaters and the 

Residential New Construction program that encourages the owners of newly constructed 

homes to incorporate energy efficient strategies.  One of the new programs proposed 

includes the Energy Solutions for Home, a program designed to offer a full range of 

energy efficiency options.  The other new program is called the Residential Low Income 

program that provides energy efficient equipment such as compact fluorescent light bulbs 

and faucet aerators to qualified low-income customers at reduced or no cost.   

In another attempt to reduce energy demand, HECO has been seeking approval 

from the Public Utilities Commission to install Combined Heat and Power (CHP) 

Distribution Generation (DG) units.  DG units are small power generators located close to 

the end user.  They can produce energy through a variety of means ranging from 

photovoltaic cells to wind farms.  DG units have the potential to save utilities in 

transmission and distribution costs, reduce peak demand, provide increased reserve 

capacity and improve energy quality and availability.  HECO has proposed the use of 
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Combined Heat and Power (CHP) distribution generation units throughout the islands 

(HECO Integrated Resource Plan-3, 2005).  CHP works by capturing thermal waste from 

equipment such as air conditioners and turning it into usable electricity.  This 

“cogeneration” can reduce net energy uses where applied and excess energy generated 

may be returned to the conventional network (Elliot, 2002).  HECO’s application to the 

PUC for Combined Heat and Power Distributed Generators has not yet been approved.  

Once approval is granted, implementation of the program will not be complete until 

2009, potentially leading to shortages in the interim.    

 On the supply side, HECO identified all of the potential energy resources 

including wind energy, biomass combustion, geothermal, photovoltaic cells, municipal 

solid waste, and conventional, petroleum-fueled combustion turbine generators.  Analysis 

of the current generation capacity of the supply side resources coupled with the demand-

side management projections estimates that HECO will not be able to meet increased 

demand spurred on by the steadily growing Hawaiian economy.  HECO anticipates 

reserve capacity shortfalls as early as 2006 and continuing until at least 2009 when its 

proposed petroleum-fueled generating unit becomes operational.  The ability of HECO to 

catch up to demand by 2009 is dependent on the time it takes to get approval, permits, 

and construction complete on supply side projects, as well as continuing maintenance and 

operations costs, and consumer participation in the demand-side management programs.  

Utilities and government alike have recognized the importance of reducing consumption 

and have made strides to see changes in the construction industry and in consumer 

behavior patterns.  With utilities unable to meet future energy needs in a climate of over-

consumption, the challenge is to provide consumers and the building industry with an 

education in energy conservation and efficiency strategies and inspire their adoption with 

incentives.     
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Chapter Three:  Energy Efficient Technologies 
 

Big Bang Techniques 

Recognizing the need for energy efficiency in single family homes, the State of Hawaii 

Department of Business, Economic Development & Tourism (DBEDT) began issuing 

voluntary guidelines for energy efficient design and construction in 2000 (DBEDT, 

2002).  The focus of the guidelines was to reduce the amount of energy a home requires 

through the use of orientation and design for passive cooling, ventilation, daylighting and 

energy-efficient systems, equipment and building materials.  The three most cost-

effective strategies were identified as 1) orientation and design 2) adequate attic 

insulation and 3) solar water heaters.  These three strategies have come to be called the 

“Big Bang Techniques” by the building industry because of the considerable 

improvements in energy efficiency compared to the minimal expense of equipment, 

installation, and/or implementation.     

 

Orientation and Design  

Building orientation and design can have a great effect on a home’s energy needs by 

controlling solar heat gain, natural ventilation and daylighting.  For instance, homes with 

narrower east and west facing sides are exposed to less low angle morning and evening 

sun and thereby gain less unwanted heat.  Natural ventilation can be achieved by 

recognizing prevalent wind patterns and incorporating vents and windows into the 

structure.  In addition to providing comfortable indoor temperatures, proper ventilation 

can have significant effects on indoor air quality by preventing mold growth and 

dispersing indoor pollutants.  Daylighting, the use of natural light to illuminate interiors, 

uses strategically placed windows and reflective surfaces to bounce sunlight into a home 

while limiting direct sun and its unwanted heat gain.  This strategy not only saves on 

energy expenses, but creates a more pleasant interior environment aglow with natural 

light.   
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Insulation 

 The roof is a building’s first defense against solar heat gain.  Without insulation, heat 

radiates through the roof into the home often creating the need for air conditioning to 

maintain comfortable interior temperatures.  Lining an attic with an adequate layer of 

insulation can reduce ceiling temperature by more than 15 degrees (DBEDT, 2002).  

Insulation can be installed in existing structures during a renovation project and reduce 

overall heat gain in the home.  Adequate insulation in concert with effective ventilation 

and reflective roofing materials can eliminate the need for energy-sapping air 

conditioning in most new Hawaiian homes.   

 

Solar Water Heating 

Up to 40% of the typical Hawaiian family’s energy expenses can be attributed to the use 

of a conventional hot water heater.  In the state with the 5th highest energy costs, 

alternative sources of hot water can provide significant savings.  Hawaii has the ideal 

climate for effective solar water heating systems with its long, sunny days year round and 

no threat of freezing.  Solar water heating systems may be incorporated into new 

construction or installed on existing structures with minimal expenses, making this one of 

the most versatile and effective of the “Big Bang Techniques”.  For this reason, the 

remainder of this report with focus on the use and proliferation of solar water heating 

systems.     

 

System Mechanics 

Solar water heaters use collectors to capture solar radiation.  There are many types of 

solar water heating systems available, but they all operate under the same basic 

principles: water pumped onto the roof absorbs thermal energy and delivers hot water to 

the home.  The two main types or systems in use are the active, flat-plate collector 

systems and the passive, integral collector-storage systems.  Flat-plate collectors use a 

glazed sheet of glass or plastic over a series of water-filled tubes in a weatherproof box 
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(Figure 3.1).  The glass or plastic plates distribute heat evenly over the tubes as pumps 

circulate water back to the house.  The flat-plate collectors are usually light-weight 

rectangular panels mounted on the roof.   

Figure 3.1.  Active, Closed Loop Solar Water Heater 

 
Source:  U.S. Department of Energy - Energy Efficiency and Renewable Energy.  A consumer's guide to 
energy efficiency and renewable energy.  Retrieved 1/31/06 from  
http://www.eere.energy.gov/consumer/your_home/electricity/index.cfm/mytopic.  Updated 9/14/05.   
 

Integral collector-storage systems, or batch systems, use a glass insulated tank painted 

black to harness thermal energy (Figure 3.2).  When the solar energy passes through the 

collector it heats the water in the tank.  The hot water rises to the storage tank and the 

cold water sinks toward the collector (USDOE-EERE, 2005).  Passive, systems rely on 

thermodynamics to transport water from the collector to the house without the use of 

pumps.  Water is stored on the roof above the collectors in passive systems and might 

require structural bracing to handle the extra weight.  Most roofs will not need additional 

bracing to support an active system because only the collectors are located on the roof.  

Active systems are generally more expensive and more efficient than passive systems, 

but passive systems face fewer maintenance and reliability issues.      
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Figure 3.2 Passive, Batch Solar Water Heater 

 
 Source:  U.S. Department of Energy - Energy Efficiency and Renewable Energy.  A consumer's guide to 
energy efficiency and renewable energy.  Retrieved 1/31/06 from  
http://www.eere.energy.gov/consumer/your_home/electricity/index.cfm/mytopic.  Updated 9/14/05. 

 

System Sizing 

Most solar water heater installations will require a professional installer.  The first step is 

to assess how much hot water will be needed.  It is generally recommended to estimate 

that each person in the household will use a minimum of 20 gallons per day.  The size of 

the storage tank must be figured.  The following table shows some estimates of tank size. 

 

Table 3.1.  Solar Water Heater System 
Sizing 

# of Persons Storage Tank Size (L) 
1 to 2 100-150 
3 to 4 200-250 
5 to 6 300-350 
7 to 8 400-450 

Source:  Thermomax Thermo Technologies, 2006. 
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The next step is to find the amount of solar radiation received at the site, or the insolation 

rate, the number of hours of sunshine per year.  A map of the solar radiation levels is 

available in the following figure.   

 

Figure 3.3.  Solar Radiation Map of the Island of Hawaii. 

 
Source:  State of Hawaii Department of Business, Economic Development & Tourism, Solar Data. 

 

Once the location of the solar collectors is determined, orientation to the sun, latitude, 

and the roof inclination must be measured.  Given these figures, a series of calculations 

can yield the estimated system size for the desired output.  Most installations will require 

the advice of a trained professional.  
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Chapter Four:  Costs and Benefits of Solar Water Heaters 
 

 The balance of costs to benefits is an essential component of any investment 

decision.  In choosing to invest in a solar water heating systems consumers must wade 

through a complicated process of research to find the figures of consequence.  Solar 

thermal systems must be custom designed for each home they are to adorn.   In addition, 

solar systems must compete with traditional water heating systems that have dramatically 

different first costs and lifecycle costs.  In recognition of civic responsibility, local, state, 

and federal governments encourage solar water heaters with various incentive programs.  

This chapter will address the hard costs of solar water heaters and the potential returns on 

the investment.  In addition, testimonials and a consumer survey will show perceptions of 

costs and benefits of solar systems.   

 

System Costs 

Estimating the cost of installing a solar water heater is complicated by the wide variety of 

systems available and the needs of the individual home owner.  Sizing and system type 

will depend on the number of persons living in the home, personal consumption patterns, 

the availability of a back-up system, and typical weather patterns and solar radiation in 

the area.  Following the Na Makani Energy Initiative, a program to promote the 

installation of solar water heaters from August 2000 to July 2002, 85 of the participating 

home owners were surveyed to assess the success of the program.  The homeowners were 

located throughout the Big Island, spanning the range of solar radiation for the island.  

The average system cost $4,830 before rebates and tax credits were applied.  The highest 

cost was $7,381 and the lowest cost was $1,322 (Gill, 2002).  The Department of Energy 

estimates that solar water heating systems cost between $2,000 and $4,500, depending on 

capacity requirements, and have a lifespan from 20 to 40 years (USDOE, 2005).  

According to the Hawaii Electric Company, the typical solar water heating system will 

cost $4,700 (HECO, 2006).  To serve a family of four, the average electric water heater 

costs between $250 and $440 and the average gas water heater costs between $350 and 
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$570 (Sears and Home Depot, 2006).  In contrast to the higher equipment costs, the price 

of hot water delivered by solar water heaters is quite low when compared to electric or 

gas water heaters.  Table 4.1 illustrates the average annual energy use for electric, gas, 

and solar water heaters for the typical consumption of a family of four.  The figures are 

based on national minimal efficiency standards for new gas and electric water heaters 

with a 13-year lifetime.  Maintenance costs are not included but assumed to be about the 

same for electric and gas heaters.   

 Table 4.1.  Comparison of Water Heater Energy Costs 

 
Average Energy 

used per year 
Hawaii Energy Rates 

(as of 12/01/2005) 
Average Cost 

per year 
Lifetime Energy 

Cost 
Electric  5082  kWh $0.24 / kWh $1,220 $15,860 
Gas 254 therm $3.01/therm $762 $9,906 
Solar 50  kWh* $0.24 / kWh $12 $156 
*Solar water heaters might require electricity to run pumps and back-up electric heaters 
during cloudy weather. 
Sources:  Energy Cost Calculator for Electric and Gas Water Heaters.  US DOE:  Energy 
Efficiency and Renewable Energy.   Hawaii Electric Light Company.  The Gas Company 
of Hawaii.  Cleave Books Conversion Calculator for Units of Energy.  Consumer Energy 
Council of America.  Compiled by Julie Murray. 

 

General comparison of solar water heaters to electric or gas is difficult due to the 

variations in climate and system features.  For instance, a water heater in Hawaii will 

seldom require a back-up system compared to a solar water heater in Michigan that must 

cope with freezing temperatures and long periods of cloudy weather.  Additionally, 

passive solar water heaters require no additional electric input and many active solar 

systems have pumps powered by photovoltaic cells.  In the table above, the estimated 

cost of running a solar water heater is about 1.5% the cost of using a gas water heater and 

less than 1% the cost of using an electric water heater.  

 

Incentives to Go Solar 

In recognition of the daunting first cost of solar systems, federal and state governments 

and utilities have developed incentive programs to ease the transition to solar 

technologies.   
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Federal Tax Credit 

A new federal tax credit is being offered for the installation of solar technology in 

residential settings during 2006 and 2007.  Thirty percent of the system cost can be 

reduced from a consumer’s federal tax liability.  It is still unclear whether the tax credit 

will apply before utility rebates and state tax credits or after (Kawabata, 2006).   

 

State Tax Credits 

The current energy tax credits offered by the state provide 35% of the cost of a solar 

water heater, or $1,750, whichever is less, to residents with tax liability.  The credits are 

based on the cost of the water heater after federal credits and utility rebates are applied.  

Any tax credits that exceed tax liability may be carried over to subsequent years until 

they are fully applied or until January 1, 2008 (Strategic Industries Division, 2000).        

 

County Loan Programs 

The County of Hawaii, the City and County of Honolulu, and the County of Maui offer 

zero and low interest loans to qualifying consumers to buy solar water heaters.  The loan 

can cover the entire cost of the system with flexible payback terms.  Most loan payments 

are based on what the consumer would have been paying to the utility company so that 

there is no net increase in the household expenses.  The typical loan is paid back in about 

four and a half years (Tome, 2006).   

 

Utility Incentive Programs 

HECO offers a rebate to its customers who install solar water heaters on new homes or 

replace an electric resistance water heater with solar.  In attempts to meet peak load 

demands, the utility has calculated that it is more cost effective to reduce demand through 

the use of solar water heaters than to build new power plants (Kawabata, 2006).  Given 

that residential electricity consumes nearly 40% of the energy supplies, and electric water 

heaters comprise 40% of residential energy use, solar water heaters have the potential to 

reduce overall energy demand by 15% (HELCO, 2005 and DBEDT, 2002).  On the 
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island of Oahu, the rebate is up to $750.  Customers on the islands of Maui and Hawaii 

are offered $1,000 per solar water heating system.  The utilities have collaborated with 

area contractors who have been educated in the proper installation of solar water heaters.  

Strict standards and specifications must be followed in order to qualify for the rebate.    

Free inspections are provided after the installation to ensure the highest efficiency and 

reliability possible will be provided (HECO, 2006).     

 

Consumer Costs v Benefits 

The overall cost of installing a solar water heater is quite variable depending on the 

household size and demand, the type of system installed and the incentive programs 

available.  The final cost can be less than half of the cost of the system and installation as 

illustrated below in Table 4.2.   

Table 4.2.  Typical Costs for a Solar Water Heating 
System for a Family of Four. 

Island 
System 

Cost 
Utility 
Rebate 

Federal 
Tax 

Credit 
State Tax 

Credit Final Cost  
Hawaii $4,700 $1,000 $1,410 $802 $1,489  
Oahu $4,700 $750 $1,410 $889 $1,651  
Maui $4,700 $1,000 $1,410 $802 $1,489  
Source:  Hawaii Electric Company. 

         

The nature of solar water heating is such that any cost is more than just a payment 

for a service, it is an investment in the future.  With a payback period of just three to six 

years, and a minimum of a 20-year lifespan on a system, consumers with solar water 

heaters are receiving many years of free hot water (Barnett, 2001 and USDOE, 2005).  

Figure 4.1 illustrates the cost of water heater equipment and operating costs over a 20-

year period.  Due to the 13-year lifespan of the typical electric and gas water heater, 

replacement costs were figured into the graph at 13 years.   
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Figure 4.1.  Equipment and Operations Costs for Residential Water Heaters. 

Source:  Compiled by Julie Murray.
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Even without the savings offered through rebates, tax credits, and financing options, solar 

water heaters pay for themselves after a number of years and continue to generate a 

return on the initial investment for years to come.  This is illustrated in Figure 4.2.  Solar 

water heaters with incentives can begin to generate savings over electric water heaters 

within the first year or two after installation.  Gas water heaters, the more efficient of the 

conventional water heaters, can consume over $10,000 more than a solar water heater 

over the course of 20 years.  Switching from electric to solar with the help of incentives 

has the potential to free up over $23,000 in the minimum lifespan of the system.         
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Figure 4.2.  Savings from Solar Water Heaters vs Electric and Gas 

Source:  Compiled by Julie Murray.
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Testimonials 

Informal conversations about solar water heaters have yielded some insight into the 

benefits of using the technology.  When the subject of solar water heaters is breached, the 

solar water heater users often volunteer their stories.  Barbara Volhein, 3-year resident of 

North Kohala was able to finance the cost of installing a solar system with her home 

Figure  4.3  The North Kohala Region of the Island of Hawaii. 

 
Source:  University of Hawaii at Hilo. 
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mortgage.  She had adopted a solar roof on her last home on Oahu and has become a 

devotee.  She claims to use the back-up electric water heater only during the rainy season 

when there are multiple, consecutive days of cloudy, rainy weather.  Barbara has had to 

adjust her lifestyle slightly to suit the system by choosing to limit laundry to one load per 

day and choosing a dish washer with a self-contained water heating element but claims 

she will never go back to a traditional water heater.  She enjoys feeling that she is 

“treading lightly” by reducing her energy consumption (personal interview, 2006).  

Twenty-five-year resident Don Davis has had a solar system mounted on the side of his 

house for more than two decades.  With minimal maintenance his system has been 

performing well and he rarely uses his back-up (personal interview, 2005).  Interviews 

with several other solar water heater owners uncovered rave reviews of solar water 

heating systems with just a few complaints.  One solar user complained that the system 

generated too much hot water and another claimed that the household had outgrown the 

system capacity.  

   

Consumer Survey 

A survey was conducted of North Kohala area residents to gauge the general knowledge 

and perceptions of solar water heaters.  With no mail delivery service in the region, 

everyone in North Kohala must go to the local post office to retrieve mail.  This makes 

the post office the ideal location to obtain a sample representative of the community at 

large.  It provided the promise of a wide variety of consumers and a high volume of foot 

traffic.  The survey included eight questions and was designed to be completed in about a 

minute by the respondents themselves.  In the case of missing reading glasses or 

respondents without a free hand, the survey was administered orally.  Fifty-six people 

filled out surveys, representing roughly 3% of the households in North Kohala.     
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Table 4.3.  Population and Households,     
District of North Kohala 

Year Population Households 
2000 6038 1900* 
1990 4291 1351 
1980 3249 1022 

*Estimated number of households.   

Sources:  Economic Assessment, PKF Hawaii, 
January 2000.  County of Hawaii Data Book, 1998.  
US Census, 2000. 

    

Respondents were asked to indicate the type of water heater in use at their house.  They 

were also asked what type of water heater they would purchase if they had to buy a new 

one today.  The survey only included room for the primary water heater and did not ask 

for the type of back-up to a solar system.  The results are shown below in Table 4.4.  The 

responses in the “other” category included on-demand gas water heaters in use now and 

as a primary choice in a new water heater.     

Table 4.4.  Survey of Water 
Heater Choices 

 
WH in Use 

Now 
Choice in a 
New WH 

Electric 50.0% 10.7%
Gas 26.8% 26.8%
Solar 21.4% 55.4%
Other 1.8% 3.6%
Source:  Compiled by Julie Murray. 

 

Overall, solar consumers were happy with their systems and would choose solar again.  

Six of the electric water heater users and nine of the gas water heater users would make 

the same choice again while sixteen electric water heater users and five gas water heater 

users would choose solar if provided the opportunity.   

The next four questions dealing with perceptions about energy efficiency and 

solar water heater qualities are summarized in Table 4.5.  These questions offered a scale 

from 1 to 5, 5 representing very important, very reliable, very efficient, and very 
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expensive.  Respondents put great value in energy efficiency.  Solar water heaters were 

perceived as generally reliable and efficient.       

 

Table 4.5.  Water Heater Perceptions 

 Rating
Don't know /  
no response 

Importance of Efficiency in a Water 
Heater 4.8  0.0% 

Solar Water Heater Reliability 4.5 35.7% 
Solar Water Heater Efficiency 4.4 37.5% 
Solar Water Heater Expense* 3.3 42.9% 

Source:  Compiled by Julie Murray. 
 

Responses to the expenses of solar water heaters might have been skewed by the format 

of the survey with 5 representing very expensive.  When compared to the previous three 

questions that read positive to negative across the page, this cost question reverses the 

trend.  The care with which respondents read the question is impossible to ascertain, 

leaving the validity of this piece of data unclear. 

 The last two questions were designed to measure consumer awareness of solar 

water heater incentive programs.  Table 4.6 shows that more than half of the respondents 

had heard of the local utility rebate program and over two thirds had heard about the state 

tax credits for solar water heaters. 

Table 4.6.  Percentage of Respondents 
Aware of Solar Water Heater 
Incentive Programs 

HELCO Rebate 56.4%
State Tax Credit 71.4%
Source:  Compiled by Julie Murray 

 

Anecdotally, many respondents voiced their complaints about the high price of 

electricity.  Several people were inquisitive about how to switch to solar and asked for 

further information.  Many expressed their wishes for solar water heaters with a hopeless 

shake of the head due to first cost issues.         
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Chapter Five:  Barriers to Energy Efficiency and Renewable Energy 

Technologies 
 

There are many barriers to the adoption of energy efficient and renewable energy 

technologies cited in the literature.  In a report issued by the International Panel on 

Climate Change, these barriers are addressed. 

 
Most studies suggest that a large potential exists [for energy efficiency] in many 
sectors and regions, while at the same time acknowledging that institutional, 
economic, and social barriers may delay or inhibit the achievement of full 
efficiency potentials in the near future.  (Martinot and McDoom, 1999).    
 
Categorization of these barriers varies by author.  The barriers are often 

interconnected with each other, interchangeable, or have cause-effect relationships.  

These barriers to adopting energy efficient technology (EET) and renewable energy 

technology (RET) come from various disciplines including economics, sociology, 

engineering, anthropology, and psychology.  The ongoing debate over the significance of 

the barriers will shape the nature of government intervention.  The debate emerged 

following the Arab oil embargo when energy efficiency and renewable energy 

technology held the promise of a more stable energy market (Golove and Eto, 1996).  

The term “efficiency gap” was first coined around this time when it was noted that the 

level of investment in EETs and RETs was well below the level necessary to make these 

technologies cost effective.  This gap was unfortunate considering the studies that 

showed conserved energy had the potential to supply energy at a lower cost than the 

development of new energy supplies could provide.  This unrealized potential was 

blamed on consumers and their unwillingness to invest in RETs and EETs.  Surveys 

showed that consumers would consider investment in energy alternatives only when the 

returns were substantially higher than returns on traditional energy technologies.  Others 

blamed utility companies for resistance to investment in EETs despite their significant 

underwriting power.  Blame aside, the barriers to EET and RET are numerous and 

complex.   
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Several market barriers to closing the efficiency gap have been identified (Golove 

and Eto, 1996 and Painuly, 2000).  First, misplaced incentives, or “split incentives” 

discourage the adoption of RETs and EETs in landlord-tenant relationships.  Energy 

efficiency is primarily a reduction of operating costs, costs paid for by tenants.  The 

decision to install EETs and/or RETs lies with the property owner, who does not stand to 

gain the benefit of energy savings in exchange for his investment.  Tenants are reluctant 

to invest in a property they do not own when the benefits of such an investment are paid 

out over time.  Due to the nature of renewable energy technologies, in that they require a 

higher initial investment with long-term cost savings, land owners and tenants are at odds 

and neither is likely to switch from the conventional technology. 

A second market barrier is a lack of access to financing.  Small businesses and 

low-income home owners hoping to adopt EETs or RETs suffer from a liquidity 

constraint.  Securing a loan to install energy efficient equipment can be prohibitively 

expensive for those with little bargaining power.  Interest rates on credit cards can block 

energy efficiency investments as such extensions of credit do not distinguish between a 

purchase and an investment.  Home mortgage rates are another form of financial barrier.  

Rates are typically based on the borrower’s credit worthiness, or ability to pay.  This 

figure is dependent on the balance of income and expenses.  While energy efficient 

technologies have up-front cost, they can eventually pay for themselves with the freed up 

cash flow.  This positive feedback is not reflected in home mortgages.  Another factor 

contributing to higher interest rates is the illiquidity of certain energy investments.  

Facing a default, repossession of a custom-installed system is not an efficient recovery of 

losses.  Suppliers and producers or RETs and EETs face similar financing difficulties.  

Most renewable energy firms are small businesses that lack the bargaining power to 

negotiate adequate financing.  In addition, small firms face a disproportionately high cost 

of doing business.    

A third market barrier is imperfect competition manifested in a flawed market 

structure that favors large, powerful companies.  These firms have the bulk and influence 

to inhibit the introduction of energy efficient products by competitors through strategic 
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selection of product suppliers and equipment manufacturers. Up-and-coming renewable 

energy firms face the commercialization barriers unknown to mature, conventional 

technologies that enjoy the benefits of fully developed infrastructure and economies of 

scale.  Further widening the gap, renewable energy technologies do not receive equal 

governmental subsidies, often in the form of tax write-offs for research and development 

offered to mature, traditional energy industries (Moskovitz, 1992).     

A fourth market barrier is the mis-pricing of energy.  Government regulation of 

the energy market has historically set energy prices below market value, leading to over 

consumption.  Additionally, the value of the public benefits of renewable resources are 

not captured by the market and the true costs of fossil fuels, such as environmental 

pollution, also escape the cost equations.  These price distortions provide a disincentive 

to invest in alternatives.   

Lack of information or misinformation is a fifth market barrier to RETs and 

EETs.  According to neoclassical economic theory, the market is based on the assumption 

that information about objects of exchange is perfect and free.  This is not the case with 

EETs and RETs.  There is a lack of information about these technologies and it often 

costs money to gather relevant data.  Consumers are often unaware of the existence of 

alternative technologies (Cronk and Esternon, 2002).  The accuracy of the information 

available is often questionable or not useful to consumers.  The mechanisms for 

information dissemination are inherently biased due to the fact that the sellers of products 

control them.  The sellers have incentives to highlight strengths and downplay 

weaknesses.  In addition, these newer technologies often suffer from inadequate 

information and disinformation stemming from the unfamiliarity with the technology and 

from sloppy incentive programs of the past.  Consumers are reluctant to believe claims of 

energy efficiency and are not well equipped to compute potential energy savings from 

energy efficiency investments.  

Energy efficient technologies and renewable energy technologies face technical 

barriers in the form of municipal codes, industry standards, and a lack of skilled 

personnel.  Most developers rely on time-sensitive financing where any delay in 
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construction can spell disaster for the project.  The novelty of many RETs and EETs can 

cost precious time in the permitting and review process.  The unfamiliarity of these 

technologies can also lead to mistakes during installation (McCoy, 2004).   

Social and cultural barriers also work to inhibit investment in energy alternatives.  

Energy efficiency often falls through the cracks when several key players (i.e. architect, 

site planner, landscape architect, engineer, etc.) suffer a communication breakdown.  

Despite working on the same project, these representatives from different disciplines 

often carry out their work isolated from each other, making compromises that detract 

from another’s field.  The design sequence can also be faulted for inhibiting energy 

efficiency and renewable energy planning.  In many cases mechanical designers are the 

last professionals to arrive on the project where they must squeeze the “guts” into an 

existing frame.  This practice of retrofitting new construction creates inefficiencies and 

considerable waste. 

Other non-economic variables play a significant role in the consumer decision 

process (Roessner, 1982).  These variables can be influenced by an individual’s 

membership in social groups, status considerations, and expressions of personal values 

such as aesthetics and environmentalism (Golove and Eto, 1996).  

 

Barriers to Solar Water Heating Technology in Hawaii 

Solar water heating systems are often the most economical option for providing 

residential hot water (Union of Concerned Scientists, 1999).  Despite the availability and 

affordability, solar water heating systems are not standard issue in Hawaii.  Contractors, 

builders, government officials, utility companies and consumers perceive the reasons for 

the resistance to solar water heating technology differently.   

 

Building Industry 

A 1998 study conducted focus group discussions with builders, contractors, and 

architects to identify the barriers to solar water heating technology in new construction 

(Barbour, et. al, 1998).  The study revealed that builders and contractors are often not 
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well informed about the reliability, cost, and mechanics of solar water heaters.  The focus 

groups overestimated the cost and underestimated the efficiency of the solar thermal 

systems compared to traditional heaters.  Concerns about aesthetics and structural 

stability were sited as reasons to stick to the conventional water heaters.  In addition, 

builders were concerned that the costs of the solar systems were not reflected in the final 

appraised value of the home.  Contractors expressed hesitancy in promoting solar water 

heaters stemming from reports of leaks, poor reliability, and shoddy installations of the 

systems that were mounted during the “solar boom” of the late seventies and early 

eighties.  They fingered incentive programs for flooding the housing market with 

substandard installations by opportunistic contractors.  Despite great strides in the 

reliability and craftsmanship of solar water equipment, the stigma has been hard to shake.  

They agreed that if the consumer demand for solar water heaters arises, they will react 

accordingly.  Without such pressure from the market, contractors and builders had little 

incentive to stray from the use of traditional water heaters with their tried and true 

performance and efficiency records.   

 

Local Government  

County government has approval power over land development.  The County of Hawaii 

has of history of encouraging development without flexing much regulatory muscle.  The 

developer friendly policies have left the Big Island with an affordable housing crisis, 

stressed government services, backlogged infrastructure maintenance, and clogged 

highways.  The County of Hawaii Building Division Residential Plan Reviewer has no 

problems approving solar water heaters that are installed by accredited contractors and 

meet standard performance measures, but the county has limited programs to encourage 

energy efficient technologies (Inouye, 2005).  The County of Maui has had more 

involvement promoting solar water heating systems through the process of approving a 

large-scale residential development.  Approval of the development became very 

controversial and a vocal segment of the community actively participated in petitioning 

the county commission to be heard.  In addition to the increased ratio of affordable 
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housing and enhanced environmental protection measures, one of the several changes 

made to the original development plans was the requirement that solar water heaters 

become standard issue (Loomis, 2004).  Similar situations have arisen in the County of 

Hawaii where affordable housing requirements were conditions of project approval.  In 

most cases, developers abandoned the project, leaving the County of Hawaii wary of 

making demands.  The county has expressed its commitment to encouraging alternative 

energy sources in its General Plan but its means of doing so are limited to the continued 

support of state tax credit and a poorly advertised solar water heater loan program 

(County of Hawaii, 2005).  The County of Hawaii has provided funds for zero and low 

interest loans to purchase solar water heaters but has not provided the budget to advertise 

the existence of the program.  Hawaii Electric Light Company (HELCO) is the 

designated administrator of the loan program.  In order to find out about the program, 

consumers are expected to go into the HELCO offices to pick up brochures (Kawabata, 

2006).  There is currently no website for the utility and limited links from the parent 

HECO site.     

           

Reaching the Public 

State policies to encourage solar water heater systems have been instrumental in the 

proliferation of the units throughout the islands.  The state and federal tax credit 

programs work to drive down the cost of installation.  In addition, the Department of 

Business, Economic Development & Tourism (DBEDT) has sponsored several grants to 

help educate the public on the benefits of solar water heaters.  Dean Masai, Energy 

Analyst with the Strategic Industries Division of DBEDT sites communication barriers 

and a housing shortage as major obstacles in the continued proliferation of solar water 

heaters (personal interview, 2005).  Despite public workshops and conferences and a 

vibrant residential construction market, solar water heaters are not standard issue on the 

Big Island.  Most residential construction is focused on the west coast, home of the 

luxury resorts and pristine beaches (see Figure 2.4).  Most of the homes built here are 

vacation homes for out of state visitors.  Any consumer education campaigns launched 
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through local media sources will most likely not reach these home buyers, potentially 

eliminating the demand for energy efficiency and renewable energy in the construction of 

new homes.  Further, most vacationers are fairly insulated from the every day Hawaiian 

society and have little incentive to invest in local sustainability (Nakano, 2005).  With 

most new construction focused on the luxury home market, the remaining “affordable” 

housing market is experiencing drastic shortages.  Resident consumers are often strictly 

limited in the choice of available housing and the idea of passing on a possible home in 

hopes of finding one with energy efficiency features is an impossible luxury (Masai, 

2005).  The options are often limited by price and financing with energy efficiency 

falling down in the list of priorities. 
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Chapter Six:  Program Assessments, Recommendations, and 

Conclusion 
 

Overcoming Barriers on Maui 

The Island of Maui has met with success in promoting the use of solar water heaters with 

the help of a national organization.  Established in 1997, the Million Solar Roofs 

Initiative set the goal of aiding in the installation of one million solar electric or solar 

thermal systems on American homes and buildings by the year 2010 (Pulaski, 2004).  

The U.S. Department of Energy leads the Million Solar Roofs Initiative by providing 

guidance and small grants to partnerships throughout the country.  Six regional 

coordinators help provide seed money, and thereby momentum to local partnerships.  The 

National Renewable Energy Laboratory and Sandia National Laboratories provide 

technical support.  The Interstate Renewable Energy Council helps to keep these agencies 

and regional partnerships communicating.  This approach is focused on results rather than 

process.  There are 89 partnerships in the US with more than 700 organizations as active 

members.  About 28% of the members are from the solar industry, 28% are non-profit 

organizations and 13% are from local governments and utility companies.  One of the 

main goals of the Million Solar Roofs Initiative is to identify and overcome barriers to 

solar technology by promoting market development.  At the end of 2003 about 229,000 

solar units were counted toward the goal of one million.  About 50,000 of the units are 

photovoltaic collectors, 48,000 are solar water heaters, and 131,000 are swimming pool 

heaters.  U.S. Department of Energy estimates show that tremendous progress is being 

made with interim totals exceeding projections (US Department of Energy, 2004).   

The Maui Million Solar Roofs Partnership received the 2004 Best Progress 

Award for its success in helping to change construction practices in Maui (USDOE, 

2004).  In 1996, before the inception of the Maui Solar Roofs Initiative, about 1% of 

homes built in Maui had solar water heaters.  By 2003 over 65% of new homes were built 

with solar water heaters.  Stefanie Tome, director of the Maui program, attributes this 

increase to the efforts of Maui Solar Roofs Initiative staff in providing education about 
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the benefits of solar water heaters to the public and most importantly to developers 

(personal interview, 2006).  Key to the Maui Solar Roofs Initiative’s success is the 

formation of partnerships with local contractors and builders.  The bulk of the Maui Solar 

Roofs Initiative’s funding was earmarked for an advertisement campaign that promotes 

the use of solar water heaters and area contractors and builders who install the systems.  

This strategy generated a significant “buzz” on Maui.  In 2003, 1,049 solar water heaters 

were installed and by 2005, the total has climbed to 1,089 per year.  55% of the systems 

installed in 2005 were retrofit to existing homes with the remainder in new construction 

(Tome, 2006).  Several Maui contractors now provide solar water heaters as standard in 

all new construction.  The success of the consumer education programs has been 

demonstrated in a few controversial housing development cases.  County commissioners 

have required that a few large developments include solar water heaters on all affordable 

units and up to 50% of the market rate units as a condition for approval (Loomis, 2004).  

Maui Solar Roofs Initiative leaders are hoping to see the program expand to 

address solar water heaters on existing homes.  They are now working on strategies to 

address the high first costs of switching to solar from traditional water heaters.  Solar 

water heating in the rental and low-income housing markets also provide some 

challenges.  To address these split incentives and first costs issues, Maui Solar Roofs 

Initiative is working on a grant to supply solar water heaters to landlords who agree to 

keep their properties affordable to Section 8 renters for two years.  The zero and low 

interest loans funded through the County of Maui also work to address renters and low-

income home owners by equipping their homes with solar water heating systems with no 

net increase in monthly expenses.    

   

Solar Water Heating Programs on the Big Island 

The Island of Hawaii is home to about 158,000 people, or 13% of the state’s population 

(US Census, 2000).  Most of the islanders live in rural settings, presenting new 

challenges for the electric utility company that services the island, Hawaii Electric Light 

Company.  Many island residents have opted out of the utility’s services and manage 
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their homes “off the grid”.  They rely on solar energy, wind energy, rainwater catchment, 

and a sense of self-determination to eek out an existence in remote areas.  Often 

perceived as full of free thinkers and innovators, the Big Island would seem the ideal 

environment for alternative energy technologies but that perception has met with 

conflicting evidence.        

In 1997 a group of energy experts and concerned citizens in North Kohala, a 

region encompassing the northern tip of the Big Island, got together and formed the Na 

Makani Energy Initiative.  With the tenets of community participation at its heart, the 

initiative set out to devise strategies for energy efficiency, conservation and renewable 

energy adoption and to develop action plans.  One of the action plans was the Low-Cost 

Solar Water Heater Program.  Na Makani Energy Initiative partnered with Rebuild 

Hawaii, a consortium of stakeholders including utilities, state and county government 

offices,  non-profit groups, community groups and members of the private business 

sector, to carry out this project.  The project goal was to install 100 solar water heaters on 

existing homes on the Island of Hawaii.  The Department of Energy sponsored a $37,000 

grant to help fund the project (Gill, 2002).  The project used the funds to make bulk 

purchases of new and recycled solar water heater equipment and to provide a $150 

consumer rebate per installed unit.  Fourteen participating contractors worked to install 

the solar water heating systems throughout the island of Hawaii over a two year period 

beginning in August 2000.  After the completion of the project, the homeowners were 

asked to provide feedback about the program.  The 85 respondents rated their overall 

satisfaction on a scale from one to five, five being completely satisfied, one, 

unsatisfactory.  The following table shows the average ratings given.  

  

Table 6.1.  Customer Satisfaction With Low-Cost 
Solar Water Heater Program 
Installer 4.43 
Solar System 4.67 
Na Makani Initiative 4.79 
Source:  Andrea T. Gill.  Big Island Solar Water Heaters 2002. 
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The survey concluded that the respondents saved an average of 22% on electric bills and 

were generally satisfied with the installation and equipment performance.  This project 

worked as a training ground for area installers as well as to disseminate the solar water 

heater ideology.     

 In the wake of the Na Makani Energy Initiative, the County of Hawaii and 

HELCO have partnered to create the Residential Solar Water Heater Program.  Similar to 

the programs offered in Maui and Oahu, county funds support a zero and low interest 

loan program to qualifying Big Island residents switching from electric resistance water 

heaters to solar thermal systems.  In addition, HELCO will provide a co-payment of 

$1,000 to qualifying customers (Kamabata, 2006).  The mechanics of the program are 

nearly identical to those of the Maui Solar Roofs Program, but the implementation and 

promotion practices are quite different.  The dissemination of program information on the 

Big Island is limited by inadequate advertisement budgets to the occasional newspaper 

print ad and radio spots funded through the Department of Energy.  There is no 

information available via website.  The suggested avenue to collect information is to go 

in to the HELCO office and pick up brochures. 

 

Recommendations 

Interviews with key players in the adoption of solar water heater technology have 

generated a “wish list” for the perpetuation of solar water heating technology.  Jeslyn 

Kawabata, project director for HELCO’s Residential Solar Water Heater Program, wants 

to see larger advertising budgets for the current program and a well-organized website to 

host program information.  She expressed a desire to see a more streamlined solar water 

heater installation process.  One of the chief complaints of Big Island residents that 

Jeslyn encounters is their inability to reach area contractors to initiate the installation 

process.  Area contractors have been enjoying a construction boom in the past few years 

and their services have been in high demand.  The standards and specifications required 

for qualification in HELCO’s rebate program  do not allow for self-installation or 

installation by contractors not registered with HELCO.  This can often be discouraging to 
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would-be solar roof adopters.  She would like to see more registered contractors make 

themselves available to solar clients.  She would also like to see a program that provides 

guidance and advice for self-installation that will meet the program specifications and 

make the rebates available to more consumers.  Another issue Jeslyn pointed out was that 

of switching from gas water heaters to solar.  HELCO sponsors the rebate program in 

order to reduce peak load demands and gas water heaters are not contributing to those 

demands.  Replacing gas water heaters with solar has little effect on the peak energy 

demands that HELCO must meet.  This means that gas water heater owners are ineligible 

for the $1,000 HELCO co-payment for a solar retrofit.  She suggested that the gas utility 

or local government might be the party to fill the void (personal interview, 2006).  While 

consumers switching from gas to solar do qualify for state and federal tax credits, there 

are no co-payments available to gas consumers.     

Stefanie Tome, project director of Maui Solar Roofs Initiative, would like to see 

state or local government sponsor bulk purchases of solar water heating equipment to 

reduce the first costs to consumers.  She would also like the funding to reinstate Maui 

Solar Roofs Initiative’s developer outreach program, which she attributes a large 

percentage of MSRI’s success.  Additionally, she would like to see the lending industry 

support and promote solar water heater investments through energy efficient mortgages 

(personal interview, 2006). 

Dean Masai, Energy Analyst with the Strategic Industries Division of DBEDT, 

puts great stock in educating the public about the benefits of energy efficiency.  He hoped 

to see more funding directed toward reaching the public.  For the out-of-state residents 

who are beyond the reach of Hawaiian public education campaigns, he suggested 

sensitively designed performance standards for energy efficiency in municipal codes to 

help encourage alternative energy technologies in luxury developments (personal 

interview, 2005).   

When asked what measures might change their own practice of water heater 

installations, the focus groups in the Barbour study responded with a call for performance 

data and cost comparisons over time published by region or climate zone.  Installation 
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training and certification programs would help to boost confidence in solar water heaters.  

They also wanted to see good warrantees for the solar systems that spanned the life of the 

roof warranty.  They felt that partnerships with local government could go a long way to 

changing the roofscapes in the building industry (Barbour, et. al, 1998).   

 

Conclusions 

Government entities, wary of the devastating effects of energy shortages, environmental 

degradation from the use of fossil fuels, and their effects on the tourism-driven Hawaiian 

economy have stepped in to offer some balance to the skewed energy market through the 

use of tax credits and incentives for the adoption of alternative energy technologies.  

With 40% of the state’s energy directed toward residential use, and 40% of domestic 

energy used for water heating, the state of Hawaii could see overall energy demand 

reduced by 16% if solar water heaters were the standard mechanism of domestic water 

heating.  This could mean 16% less pollution from the burning of fossil fuels and 16% 

less of the gross state profit going toward imported petroleum.  Solar water heating 

technology is cost effective, highly efficient, readily available, and supported by many 

incentive programs.  Analysis of the costs of solar water heating compared with 

conventional water heaters shows the potential for huge savings for consumers.  Even 

without incentive programs, solar water heaters provide efficient, cheap, and plentiful hot 

water for domestic use.  The list of barriers to adoption, however long and complex, have 

proven to be penetrable on Maui and Oahu with the installation of thousands of solar 

water heaters.  Strategies that address the most manageable and obvious barriers of first 

costs and consumer awareness are gaining ground on the Big Island and hopefully 

reaching a point where solar water heaters are perceived as the best choice in providing 

domestic hot water.  Solar water heater incentive programs are not intended to be 

perpetual interventions.  They are designed to bridge the efficiency gap until a paradigm 

shift among consumers occurs.  It is in this shifting of perceptions through dissemination 

of information where one of the most stubborn barriers persists.  Consumers are not 

aware of the dramatic savings that solar water heaters can provide.  They are not fully 
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informed, if at all, about current incentive programs.  Many are wary of technologies 

beyond the conventional or lack the motivation to initiate a change in the household.  

Clear demonstrations of the cost savings offered by solar water heaters, with and without 

incentive programs, will be instrumental in stimulating the public into action.   As the 

technology is proliferated, incentive programs will become less important to the 

continued adoption of solar water heaters.  Simply maintaining the existing incentive 

programs will not provide adequate means for overcoming the resistance to solar water 

heaters without effective consumer education programs.  Education and incentives 

together will help solar water heater technology become the new standard in residential 

water heating.  Once a threshold is met, incentive program budgets may be redirected to 

other public services.                                                                                                                                            

Most effective policies to provide alternative energy supplies have roots in crisis.  

It might take another crisis to effect substantial change. Hawaii’s tenuous hold on a stable 

energy supply creates instability in its economy.  The slightest change in global 

petroleum markets could distill destructive ramifications in the island state.  Without state 

and county intervention and assertiveness in the pursuit of alternative energy 

technologies, Hawaii’s livelihood is at risk.  Hawaii will be the classroom for the rest of 

the nation as the state struggles to find a balance of energy supply and demand that will 

nurture the economy, protect the environment, and foster a high quality of life.   
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