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ABSTRACT 
 
 
 
This study investigates the barriers faced by solar water heating (SWH) in the state of Oregon. 
SWH is a renewable energy technology (RET) that serves a functional purpose by heating water 
from a renewable resource (the sun) for practical commercial or domestic applications. Oregon 
currently experiences a low level of adoption of this technology despite incentives in place to 
promote its adoption. Additional barriers to adoption exist. This study is concerned with the most 
important context-specific barriers that exist and negatively impact the level of adoption of 
SWH. Important barriers are identified using J.P. Painuly’s framework for barrier identification. 
Under this framework, barriers are established through analyzing the literature and ranked by 
level of importance through a stakeholder engagement process. Stakeholders engaged are limited 
to the supply-side of the Oregon SWH industry and include industry members, utility 
representatives, public employees, SWH and RET promoters, and others with stake in the 
success of SWH adoption. Stakeholders were engaged through the use of an online survey, 
executed and analyzed using the survey software Qualtrics. Survey participants yielded results 
that were both quantitative and qualitative in nature. Due to the low number of total responses, 
quantitative results cannot be considered robust, but can indicate general trends concerning 
overall levels of agreement. Qualitative results proved to be very valuable in providing additional 
barriers that were not initially considered in the design of the survey and helped detail the 
contextual background of the institutional arrangements specific to SWH. An analysis of these 
results using Elinor Ostrom’s framework for Institutional Analysis and Development (IAD) 
allows for a deeper understanding of the impact of the existing barriers on SWH’s institutional 
arrangements. Policy considerations are included to address the existing barriers and raise the 
adoption of SWH in Oregon.  
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1.0 INTRODUCTION 

 

 This paper investigates the context-specific barriers faced by Solar Water Heating in 

Oregon. This investigation addresses the policy problem low adoption levels of a Renewable 

Energy Technology (RET) as a direct result of the existing barriers. One of the end goals is to 

provide important policy considerations to decisionmakers in Oregon to design and implement 

policy that addresses these barriers and ultimately increases the level of adoption of SWH in 

Oregon. This approach is based on the assumption that SWH should be promoted through policy 

and other outlets; therefore, analysis of the potential benefits of SWH is also included in this 

study, to justify this assumption. In addition, this paper presents evidence from the academic 

literature to support the claim that RETs require promotion policies to realize high adoption 

levels, and the most successful promotion strategies address the context-specific barriers 

pertaining to the individual RET in question. 

 This study utilizes an adapted framework of analysis from Elinor Ostrom’s framework 

for Institutional Analysis and Design (IAD) identifies key variables that should be used in 

evaluating the role of institutions in shaping social interactions and decisionmaking processes 

(Ostrom 2007). The key variables of interest in the case of SWH are the barriers to the adoption. 
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These context-specific barriers will be identified using J.P. Painuly’s framework for RET barrier 

identification (Painuly 2004). The adapted pairing of these two frameworks will identify the 

most critical barriers to SWH adoption and explain why these barriers exist and how they impact 

the relevant institutional arrangements. Then end goal of this study is to help inform appropriate 

policy design to combat SWH adoption barriers. 

 The methodological approach for this essay used Painuly’s framework to employ a 

process to engage supply-side stakeholders through the format of an online questionnaire. 

Stakeholders provided feedback regarding the most important barriers and factors of 

consideration when promoting SWH from their informed perspective. Resulting themes from the 

online questionnaire were analyzed in the context of Ostrom’s IAD framework to identify 

appropriate measures for SWH adoption promotion, and key policy considerations. 

 

1.1 Renewable Energy Technologies 

 One of the greatest challenges faced by the United States and the world today is the 

management of energy demand given the available resources. The use of conventional energy 

technologies powered by fossil fuels has resulted in a warming climate that will have drastic 

lasting environmental consequences. Renewable Energy Technologies (RETs) offer a potential 

solution to the challenge of meeting our energy demand while simultaneously limiting the impact 

energy consumption has on the environment. As challenging as transitioning may be, “shifting 

from non-renewable to renewable energy technologies (RETs) should be the top priority in 

moving to a sustainable energy system. Increased utilization of RETs will not only meet the 

growing energy demand but also reduce adverse environmental impacts of energy usage” (Reddy 

and Painuly, 2004). 
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 RETs are often not economically competitive with conventional resources because of the 

established infrastructure catering to fossil fuels, and due to the lack of quantified external costs 

associated with fossil fuel consumption (such as climate change). This typically results in an 

uphill battle for RETs trying to gain a foothold in the marketplace. To address this problem, 

governments across the Federal, State, and local levels have established various policies to 

promote RETs. There are many factors that must be taken into account when determining 

whether a RET is viable as a realistic energy source or efficiency tool. Important considerations 

include environmental aspects of a technology and impact on the overall energy supply, as well 

as the effect on the relevant stakeholders for a particular technology. However, the largest 

considerations for the viability of a new technology are often the economic factors associated 

with its production, installation, and use. Consumers can appreciate the nobility of adopting 

RETs because of the environmental implications, but there is no way the technology will make it 

on a mass-market scale if it is not economically “worth it.” There either has to be a significant 

enough return on the initial investment or a manageable payback period. 

 Because of the variability of RETs, the challenges they face are often unique to the 

individual technology or resource. As such, the barriers that exist for each RET, while likely 

similar in some ways (such as cost), will not be identical and must be treated with appropriate 

context-specific measures. Among a variety of these RETs, Solar Water Heating/Solar Water 

Heaters (SWH/SWHs) is a lesser-known option in the public eye that has the potential to 

significantly reduce the consumption of fossil fuel energy. In the United States and Oregon, 

SWHs lack the economic market maturity of many competing energy resources, both renewable 

and conventional, making them more costly and less enticing to potential consumers. 
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1.2 Overview of Solar Water Heating 

 SWH is a RET that uses thermal energy from the sun for the purposes of heating a 

property’s hot water supply. SWHs can function in both residential and commercial applications, 

but are most cost-effective in properties that use larger amounts of hot water. They are installed 

in complement to conventional heating systems (typically powered by electricity or natural gas), 

to ensure household demand for hot water is properly met even when conditions are not ideal 

(sun not shining as much). Depending upon system size/type and environmental conditions SWH 

systems can account for 50-75% of a household’s hot water needs.1 This can greatly reduce the 

demand of electricity and natural gas used for heating water. SWHs are very efficient when 

measured against other RETs. For example, where SPV typically runs at about 25% conversion 

efficiency, solar thermal technology can reach up to about 40% efficiency.2,3 Less energy is lost 

in the transfer from sunlight to heat than there is from sunlight to electricity. However, despite its 

relative efficiency, they are underutilized as compared to PV systems in Oregon and much of the 

U.S. This is surprising because there are many international cases of success for this technology, 

as will be discussed later. 

 The decision to study SWH in Oregon was made for several reasons. The first and 

perhaps most significant factor is that SWH currently experiences a noticeably low level of 

adoption. There is a clear problem in the way the market is structured for this product where 

consumers choose not to purchase these systems. The second reason is that SWH has a fairly 

tumultuous history in Oregon. SWH is not a new RET; there are cases of success in other 

countries dating back to the 1970s. SWH was not as successful. In the late 1970s and early 

1980s, SWH experienced a spike in demand when federal and state tax credits were introduced 

to incentivize adoption (see Figure 1). Lack of regulation (resulting in low quality equipment on 



 5 

the market) and the cancellation of federal incentive programs caused the SWH industry to 

nearly die out by the end of the decade. Incentives at the state level have remained fairly constant 

over the years, and federal programs were reinstated in the 2000s. However despite state and 

federal tax credits, rebates from the Energy Trust of Oregon (ETO), and other incentive 

programs, adoption remains low to this day.  

 
Figure 1: Number of Tax-Credit Approved SWH Installations per Year (1978-2011)* 

 

The final reason for this study is that from conversations with representatives from the Oregon 

Department of Energy (ODOE) and the ETO, SWH is almost viewed as being at a crossroads. 

SWH requires incentives to promote adoption, however promotion policies and programs are not 

sustainable if they are not effectively accomplishing their goals of increasing adoption. These 

policies and programs are at the point of either undergoing major restructuring to target their 

goals more effectively, or instead cutting the incentives completely to shift resources in another 

direction. 

                                                
* Data courtesy of the Oregon Department of Energy 
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2.0 BACKGROUND AND LITERATURE 
 
 

2.1 Common Barriers to RETs 

 RETs face a great deal of resistance gaining traction in the energy sector. This resistance 

exists for a variety of reasons, as there are many different kinds of barriers RETs can face while 

trying to become prevalent in today’s society. The literature describes many barriers as having 

very negative effects on the likelihood of successful adoption of various RETs. As a side-note, 

this study uses the term adoption. In the literature, this is also described as dissemination, 

penetration, or diffusion of the RET in question. For the purposes of this study, this terminology 

is all viewed equally, i.e., the “successful diffusion” of a RET indicates a high level of adoption.  

 Barriers can vary from author to author, but several themes are common throughout the 

literature. The first is the lack of awareness by consumers. Potential consumers who are not 

familiar with the merits of a RET, its respective incentive programs, or even aware that it exists 

at all, has very negative effects on the likelihood of the adoption of that technology (Reddy and 

Painuly 2004; Thiruchelvam 2003). Similarly, other social and behavioral barriers are common.  

Public apathy and misunderstanding, conceptions of consumption and abundance, and 

psychological resistance to new products are pervasive in the RET industry, and slow adaptation 
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is common (Sovacool 2008; Reddy and Painuly 2004; Srinivas 2009; Sidiras and Koukios 2004). 

Additionally, the industry itself is often challenged to keep up with new technologies resulting in 

a lack of supply-side education and training (Thiruchelvam 2003; Mondal et al. 2010). 

 Other major themes in barriers are the lack of existing infrastructure to support new RETs 

and institutions to promote them. RETs face competition with conventional resources in our 

industrial society, which often results in additional market barriers for various technologies 

(Sidiras and Koukios 2004; Reddy and Painuly 2004; Thiruchelvam 2003; Mondal et al. 2010). 

Significant economic barriers often arise from this, with the direct impact being the RETs are 

more expensive than other options. Consumers find it challenging to be able to afford RETs 

despite the benefits of using energy from renewable resources; many consumers are strictly 

limited by their own financial constraints (Reddy and Painuly 2004; Sidiras and Koukios 2004; 

Thiruchelvam 2003). To combat this problem, various promotion policies are often enacted to 

help increase the adoption of these RETs, however instability in promotion policy is also a 

common barrier theme. Both consumers and suppliers need stability in policy and the industry as 

a whole to retain a high level of confidence, which increases participation (Srinivas 2009; Sidiras 

and Koukios 2004). 

 Additional barrier themes common in the literature include the technical risks or 

challenges associated with a particular RET, the need for advertising, and the involvement of 

stakeholders throughout the decisionmaking process. Technical risks are associated with the 

specific technology, but for RETs, one issue is appropriate siting according to the available 

resources, available installation location, population characteristics, and regional weather 

patterns (Chang et al. 2011). RETs must be marketed appropriately and targeted at the best 

possible potential consumers, both for development and consumption of the energy produced. 
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Finally, key stakeholders need to be engaged to determine the best avenues for a particular RET 

(Mondal et al. 2010; Sidiras and Koukios 2004; Reddy and Painuly 2004). One of the most 

important considerations that these authors discuss is that not all RETs are the same, nor are they 

effective in all locations/regions/ environments. While many of these barriers are common across 

all RETs, there are context-specific barriers that exist for a given RET, and must be treated as 

such. 

 To summarize one of the most common barrier categories is the economic challenge, 

which is typically rooted in the cost of RETs. When capital investments and operation costs are 

valued together, the end-price-per-kilowatt-hour is not competitive with conventional energy 

sources (Reddy and Painuly 2004; Thiruchelvam et al. 2003; Srinivasan 2009). This lack of cost-

competitiveness ties in with the category of market barriers, but these also include social factors 

such as consumers’ awareness and willingness-to-participate which affects the demand side 

(Sidiras and Koukios 2004; Reddy and Painuly 2004). Technological barriers can include the 

ease with which the RET is integrated into existing infrastructure (Thiruchelvam et al. 2003; 

Sidiras and Koukios 2004; Sovacool 2008). Technical barriers, while similar, can be RET-

specific, meaning certain RETs might not be suitable for certain climatic or environmental 

conditions (e.g. wind turbine on a low-wind site) (Chang et al. 2011). Institutional barriers can 

include existing policy or regulatory frameworks that may favor conventional energy resources 

of RETs, leading to a lower level of support (Reddy and Painuly 2004; Sovacool 2008). 

However, as we will see, barriers can have a significant impact on a number of institutional 

arrangements. 

 The body of academic literature has established a good understanding of the wide variety 

of barriers that RETs can face, as well as the potential promotion measures, however the 
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literature also argues that “the barriers to renewable energy may vary across technologies and 

countries” (Painuly 2001). As a result, promotion measures will vary as well. Because these 

barriers and promotion measures are context-specific, it is important to approach each 

technology and each setting specifically to address the problems they face. Additionally, a policy 

design framework should take into account the opinions of the people most familiar with the 

context-specific issues: the stakeholders. “What is required are conducive and enabling policy 

instruments crafted in a multi-stakeholder and interactive framework. This approach enables 

more ideas to be generated and better strategies to be formulated” (Batidzirai et al. 2009). 

 

2.2 Promotion Policies: National and International Cases 

 RETs face significant resistance in gaining traction in the energy sector, which is why 

there is legislation at a variety of levels of government to promote the adoption of RETs. Still, 

adoption remains limited. It is generally understood that the barriers of RETs will not be resolved 

on their own and require government intervention in the form of policy. “Experience has 

shown… that in many cases it is unlikely that the free market will provide sufficient uptake of 

renewable resources without the assistance of directed government policies” (Roulleau and 

Lloyd 2008). Policies cannot simply be enacted to hope for the best result towards a goal, but 

rather they must be designed specifically in response to the real-world scenarios and the barriers 

that exist. Indeed, Reddy and Painuly point out, “Barriers to technologies discourage consumer 

purchases, even though these technologies have been shown to be cost effective when viewed 

from a societal perspective. Understanding the size and nature of the barriers is essential if 

policies to increase the penetration of RETs are to be successful” (2004). 
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 Reddy and Painuly argue that policies are often targeted at reducing production costs. 

They state, “Currently, it is extremely unlikely that a profit-oriented entity will spend the cash 

needed to develop such a mechanism. Past failures with these technologies and the lack of high 

growth margins would tend to lead investors to seek their fortunes elsewhere. Thus, there is a 

need for a public policy to invest in this approach” (2004). Thiruchelvam et al. agree and 

advocate for interventions to promote energy efficient technologies in small and medium 

industries through integrated planning, incentives, and other market-based interventions (2003). 

There are a variety of commonly used promotion schemes to help address this issue of adoption 

for solar water heating, both in the United States and around the world. They often deal with the 

barrier of challenging economics, but not always.  

 Roulleau and Lloyd identify common practices for promoting solar water heating 

including “collector-area-based subsidies, performance-based subsidies, tax credits, tax 

deductions, Renewable Energy Certificates (RECs) [and] mandatory policies” (2008). They 

argue that the most effective policy for achieving higher adoption is mandatory policies. In 

contrast, Sovacool argues that the most effective promotion policies lie in “efforts to increase 

public understanding of energy systems and challenge deeply entrenched values, [because] 

despite billions of dollars in… financial assistance, the impediments to more environmentally 

sustainable [RETs] remain at least partly social and cultural” (2009). 

 One common method that is currently employed in the United States and has several 

international cases of success are tax credits and tax deductions. These offer an incentive either 

as a flat rate off capital investment or a percentage of income. The latter was the case for Greece; 

Roulleau and Lloyd found that program to be very successful during the first years, although it 

proved not to be sustainable in the long run as the market could not support itself. In addition, 
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“policy has an important equity issue; people who pay the most tax (the richest part of the 

population) have obtained the maximum cost reduction,” resulting in a lower likelihood for 

lower-income individuals/families to be able to afford SWHs (2008). For the case of France, tax 

credits were found to be less efficient and persuasive than a grant because “people value less the 

money they will get in 1 year than the money they can get today” (2008). However, tax credits in 

France generally appear to be more stable than direct grants, with the latter more sensitive to 

cycles of boom and bust. 

 Other incentives function as subsidies based on the collector area installed per system. 

Regarding Germany’s collector-area-subsidy program, it was found that the policy had been 

successful because of its lengthy duration, resulting in a relatively secure program. This security 

is thought to be essential to ensure a sustainable solar thermal industry. Additionally, Roulleau 

and Lloyd found that an overarching national energy policy plays an important role in achieving 

success. Austria experienced similar results with their long-term subsidy because their long 

duration gave confidence to the consumers and suppliers (Roulleau and Lloyd 2008). 

 The case of Holland was a transition away from collector-area-based subsidy to a 

performance-based subsidy, which had a significant impact on penetration, but by the end of the 

subsidy scheme, they found that installed solar collector area per year was on the decline, 

indicating that the installation rate was tied to the subsidy and the market would not sustain itself 

without the policy. One of the challenges regarding performance-based subsidies for SWHs is 

that while energy savings are achieved, they are difficult to measure without actually monitoring 

individual systems. Comparatively, “photovoltaic systems offer a considerable advantage due to 

the ease of measuring performance, i.e. electrical energy output. Thermal output is much more 

difficult to measure reliably” (Roulleau and Lloyd 2008). 



 12 

 Likely the most effective policy in terms of adoption would be mandatory policies. The 

Israeli government has had a mandatory policy for solar water heater deployment as far back as 

the mid-1970s. By 2006, almost every household in Israel owned SWH system. An important 

factor to note, however, is that while radical, the Israeli policy was highly successful thanks to 

the very favorable amount of solar resources in the region and a strong emphasis on security of 

supply for the nation’s energy system (Roulleau and Lloyd 2008). Spain also instigated a 

mandatory policy in the late 1990s in Barcelona, beginning with new construction of buildings 

that met a certain level of energy use requirement, and in 2005, it was extended to all new 

buildings. On the national level, system size and production requirements varied based on the 

average regional resource supply. An important consideration is that while Spain generally has a 

favorable climate for solar technologies, it does not have uniform supply of solar resources 

across the entire country. The national policy took this into account. “This policy makes sense in 

Spain again because of the very favorable climatic conditions (between 1200 and 1800 kWh / m2 

/ year of radiation). However, radiation levels vary widely between the north and the south of the 

country, so a one-size-fits-all policy would not have been efficient. That is why the nationwide 

mandatory policy takes into account the regional disparities to fix the minimum solar 

contribution required” (2008). China has the world’s largest SWH market in terms of total units 

installed, but there are no incentives on the consumer side, even though SWHs have been used in 

China since the 1970s. However, “the deployment of SWH has been very successful over the last 

decades because of the pressure from electricity shortages and environmental pollution… SWH 

are responsible for about 10% of the market for water-heating devices in China” (2008). 

 New Zealand’s first program was launched in 1978 in the form of an interest-free loan. 

This loan scheme was preferred to other financial incentives, partially because of the expected 
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effectiveness, and partially because the institutional framework was already in place for a similar 

home insulation program. By 1981, the loan plan was deemed a failure due to low take-up rate 

and poor performance of the systems installed, and it was canceled. In 2002, the government 

resurrected the idea with NZ$300 going towards loan interest, and the industry refocused on 

quality standards and the training of installers. In 2006 it was increased to NZ$500 to match the 

initial amount, consumers could also choose to take it in the form of a grant if they preferred. 

Adoption grew, but at a slower rate than expected because “according to an industry 

spokesperson this reduction was due to the industry not being able to produce conforming 

systems at the price demanded by the subsidy” (2008). 

 Srinivasan describes the effect of promotion policy in India and compares the capital 

subsidy that can come with tax credits against the interest subsidy that can come with a loan 

program. He describes how the Ministry of New and Renewable Energy “has encouraged a range 

of financial intermediaries (FI), including state-owned and private sector banks to participate in 

the low-interest (‘soft loan’) scheme to extend loans of up to 5 years’ tenure, not exceeding 85% 

of the project cost, at subsidize rates of interest” (2009). His evaluation weights the value of an 

interest subsidy against the value of a capital subsidy to identify the equilibrium point, where the 

consumer is indifferent to the amount of money saved by either. Under this approach, one 

promotion technique can be identified over the other as superior based on external factors. In the 

case of India, the end-user was indifferent between the provision of a soft loan at a 2% annual 

rate of interest compared to a capital subsidy of 14.32%. His findings state, “the interest subsidy 

routed through banking channels is a superior option as it does not depend on quota or 

geographic allocation and merely requires that quality marked components be employed” (2009).  
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 Additionally, Srinivas (2011) details how the government, through the MNRE, organized 

the soft loan scheme “with an effective maximum interest rate of 5% (2% for domestic users, 3% 

for institutional users, and 5% for industrial/commercial users), [and which] are available from 

Indian Renewable Energy Development Agency (IREDA), more than 10 public sector banks, 

private sector banks, scheduled cooperative banks, Reserve bank of India (RBI) and other 

public/private financing institutions… [At the time of publication], 31 banks and financial 

institutions are participating in the scheme through their branch network in different parts of the 

country. The borrowers will be eligible for loan up to 85% of the cost of the systems, repayable 

over a period of five years.” 

 Alternative financing methods are not new, and the rationale is still sound to prefer loans 

to capital-subsidy schemes. Addressing experience from the photovoltaics (PVs) industry, 

Derrick argues that when “financing is not available for PV systems and thus users having to pay 

the full cost at the outset the purchasers are more likely to be persuaded to buy poorer quality 

systems which are of lower initial cost but have shorter life and thus the life cycle cost of the 

product may be higher than a more expensive system.” Potential financing schemes include 

revolving funds, credit cooperatives, renting schemes, utility leasing schemes, and hire purchase 

(Derrick 1998). Additionally, financial schemes are often much more sustainable over the long 

term. Other approaches to RET promotion policy argue that policy should be user- and 

innovation-oriented in nature, and should focus on three aims: Development of focused learning 

mechanisms; encouragement of new types of players; and should have flexible financing 

mechanisms, adapted to the characteristics of individual applications, and environmentally 

consistent economic evaluation (Tsoutsos 2005). 
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 A more top-down method of promoting RETs and in some cases SWH specifically comes 

in variations of Renewable Portfolio Standards (RPS). RPS essentially function as a structured 

mandatory policy where those actors affected (utilities) can choose their path to compliance. In 

the United States, there are not currently renewable portfolio standards at the federal level, but 

29 states, Washington D.C., and two U.S. territories do have RPS.4 These policies are largely 

concerned with the promotion of RETs that produce electricity by stipulating that utilities 

produce a certain percentage of their electricity from renewable resources. Compliance 

requirements are typically increased as time goes by. Oregon, for example has a RPS requiring 

large utilities to produce 15% of their electricity from renewable resources by 2015, 20% by 

2020, and 25% by 2025.5 Measurement of compliance is conducted by issuing renewable energy 

certificates (RECs) to utilities that demonstrate the production of renewable energy. The value of 

a REC varies between states; Oregon values 1 REC as equivalent to 1Megawatt-hour (MWh) of 

electricity produced from renewable resources. 

 Of the 32 governing bodies that have RPS, there are 15 that recognize SWH as an eligible 

source of renewable energy to earn RECs. SWH is not recognized everywhere, perhaps because 

it does not produce electricity despite producing usable energy from a renewable resource. The 

challenge for the programs that do recognize SWH is the task of measurement of the thermal 

energy produced or the energy saved by its use. There are three primary means of accounting for 

the energy produced by eligible SWH systems: system ratings; measured energy displaced; and 

measured energy produced. Maryland and Washington D.C. offer RPS credit for SWH based 

upon the independent certification by the Solar Rating and Certification Corporation (SRCC), 

with credits fixed ahead of time for OG-300 and OG-100 rated systems. Texas, Wisconsin, 

Pennsylvania, New York, New Hampshire, Hawaii, Utah, Vermont, and the Northern Mariana 
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Islands credit SWHs based upon the saved energy that would have otherwise been used to do the 

work to heat water through conventional means. In some states this is restricted to replacing an 

electric water heater only (not eligible for natural gas replacement), though others are not as 

discriminatory. Nevada, Arizona, Indiana, and North Carolina quantify the actual energy 

produced by the SWH system by measuring the heat produced by the system in British thermal 

units (Btus). A producer is eligible for a REC at the respective conversion rate. Nevada credits 

every 3,412 Btus of heat as equivalent to 1 kilowatt-hour (kWh) of electricity produced, and one 

Portfolio Energy Credit (PEC). Arizona is similar with 1 REC equal to 3,415 Btus produced. 

North Carolina award RECs for every 1 MWh produced, but also equates 1 kWh to 3,413 Btus, 

and Indiana’s conversion rate is 3,412 Btus for every 1 kWh. 

 The REC approach has also been utilized in international cases. Australia awards RECs 

to individuals or organizations that produce the renewable energy, as well. These RECs are more 

valuable on a larger producing scale (also targeted at larger utilities), but individuals are able to 

claim a cash rebate for the proportional amount of the energy they produce. SWH is eligible for 

these RECs in Australia, and in fact made up 22.8% of the REC market in 2001 and increased to 

52.3% in 2002. It has since declined, but “sales of solar water heaters have risen since 2001, 

thanks to the implementation of RECs and state-based subsidies” (2008). In addition the 

Victorian State government also implemented a SWH rebate program for systems not eligible for 

RECs (because of size or standards specifications), which increased the market size by a factor 

of four. 

 This discussion of promotion policies for RETs and SWH details several suggested 

features about successful promotion policies for Renewable Energy systems. These features are 

transparency, well-defined objectives, well-defined resources and technologies, appropriately 
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applied incentives, adequacy, stability, contextual frameworks, industry support, and simplicity. 

It is additionally of great benefit if efforts are being made on a national level, but cases of state 

policy have also been successful as with the state of Victoria in Australia and the state RPS 

incentives around the United States. Ultimately, policies have been successful when the level of 

subsidy is significant compared to the total cost of they systems and the length of the program is 

long enough to give confidence to both the consumer and the solar industry (Roulleau and Lloyd, 

2008). 

 

2.3 Research Potential 

 This research project addresses several gaps that exist for the case of SWH in Oregon. 

There is little academic research investigating barriers to SWH in Oregon, or dealing with SWH 

at all within Oregon. While promotion policies exist at the state level, the policy problem of low 

adoption still exists. Despite the variety of incentive structures available, policy in Oregon is 

typically targeted at a capital subsidy, and furthermore, rebates and credits can only be claimed 

after purchase and installation is complete. Additionally, while Oregon is a state with a RPS 

policy in place, it is not one of the many that recognize SWH as eligible. This research project 

addresses these gaps to help identify the most important context-specific barriers to SWH in 

Oregon and identify appropriate promotion measures to increase adoption. 

 The goal of this research is to ultimately identify appropriate policy measures for the 

successful adoption of SWH throughout Oregon. To do this, context-specific barriers must be 

identified and analyzed in their institutional context. With this analysis, we will be able to 

explain why adoption is low in the face of the most important barriers that exist, and we will be 

able to identify the most appropriate and most effective promotion measures to address those 
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institutional barriers. Once these barriers are addressed, the goal is that adoption level will see a 

marked increase. 
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3.0 FRAMEWORK OF ANALYSIS 

 

3.1 Painuly Framework for Barrier Identification 

 This project will utilize two frameworks of analysis. The first is modeled on J. Painuly’s 

framework for identifying barriers to renewable energy penetration (2001). This framework is 

established in the literature regarding RET barriers analyses and can be adapted for various 

contexts, including different specific RET applications and different locations. The framework 

begins with the selection of the RET for study through problem identification and selection 

criteria including “adequacy of potential,” as outlined in the potential ladder below. Additional 

criteria include adequate resource base for the RET, available technologies and their costs, 

commercial viability and financing, environmental impacts and benefits, socio-economic 

impacts, including job creation, and coverage of both centralized and decentralized options. 

 RETs exist in many different forms in the marketplace, and as with any technology, they 

are not all equally successful. J.P. Painuly’s framework (2001) for identifying barriers to RETs 

begins with the necessary step of selecting the correct RET for study. In order for a RET to be 

appropriate for a barriers-analysis study it must have the right potential, measured in terms of its 

place on a Potential Ladder, which is best described in Painuly’s original text: 
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The potential for a RET can refer to its technological potential, techno-economic 
potential, or economic potential. The technological potential refers to the case (level of 
usage) when it is assumed that a technically feasible technology is universally used and 
constraints such as cost, reliability, and other such attributes that may hinder its 
application, do not exist. The techno-economic potential refers to the case when it is 
assumed that a technically feasible and economically viable technology is universally 
used in a competitive market and constraints such as consumer preferences, social and 
institutional barriers, financial barriers etc. to its usage do not exist. Finally, economic 
potential refers to the case when a technology (technically feasible and economically 
viable) was to be used in an environment free from market failures and distortions. 
Current usage level of the technology can be referred to as market potential; a level 
attained with existing barriers. Thus, technological potential refers to the highest order of 
theoretically possible usage level, followed by techno-economic potential and economic 
potential in that order. RET diffusion refers to the phenomenon where we try to move the 
market potential (current usage level) up this ladder and reduce the gap. There are 
different barriers that need to be overcome to move from one level to another… 

         (Painuly, 2001) 
 

 Different RETs are at different stages on the Potential Ladder, so it would be 

inappropriate to treat them all the same, as technology-specific and other context-specific 

barriers exist. The criteria for selecting an appropriate RET for study takes the following factors 

into account: adequate resources base for the RET (solar, bio-mass, hydro, etc.); available 

technologies and their costs; commercial viability and financing (public, private, international); 

environmental impacts and benefits; socio-economic impacts, including job creation; and 

coverage of both centralized and decentralized options (Painuly, 2001). A RET should be 

selected based on these criteria, but also in consultation with the various governmental agencies, 

NGOs and other involved stakeholders. 

 Upon RET selection, the framework calls for the identification of barriers. Many of these 

barriers are identified through an extensive literature review and analysis of the current state of 

affairs in the region of study for the particular RET in question. However, more will be elicited 

over the course of study. Using the analysis and review of the literature, potential barrier 

categories can be identified, which will structure the interaction with stakeholders throughout the 

rest of the study. Stakeholders in the study may include RET industry professionals (producers of 
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equipment and appliances, sellers, third-party promoters), consumers, NGOs, experts, 

policymakers (government), and other professional associations. According to Painuly, this 

interaction with stakeholders can be through structured interviews and/or questionnaires (2001).  

 To identify the stakeholders that are most appropriate to target for study, this research 

employs a Stakeholder Mapping Strategy as established as a part of BSR’s Five-Step Approach 

to Stakeholder engagement. This strategy uses a four-step process to help identify and visualize 

potential stakeholder groups with which a business group could engage, but this extrapolates to a 

research process just as well. The steps are as follows: 

1) Identifying: listing relevant groups, organizations and people 
2) Analyzing: understanding stakeholder perspectives and interests 
3) Mapping: visualizing relationships to objectives and other stakeholders 
4) Prioritizing: ranking stakeholder relevance and identifying issues6 
 

This approach helps identify the most valuable stakeholder groups to be included in the research 

process. Stakeholder interactions can take place in a number of different ways. It is important 

that the key issues are addressed to get at the goals of identifying relevant barriers and possible 

measures to overcome them. Painuly recommends stakeholder engagement take place over the 

course of site visits, informal interviews, and surveys. 

 Painuly also details a process of barrier analysis, conducted at different levels of 

specificity, detailed below: 

Barriers can be explored and analyzed at several levels…The top level (first level) is a broad 
category of barriers and as we go to lower levels, we go into more detail and specifics. Thus at the 
second level, we have various barriers within a category, and at the third, various elements of 
these barriers. A bottom-up approach can be used to identify the presence of barriers. This means 
that to conclude whether a barrier or a barrier category is relevant for a RET or not presence of at 
lease one of its components at a lower level is necessary. It can be seen that the advantage of 
decomposition of a barrier into its elements is clarity on causes for presence of a barrier that 
stakeholders may find easy to understand and respond to. Another advantage is that measures to 
overcome a barrier can be identified easily. 
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(Painuly, 2001) 

Measures to overcome barriers are more easily identifiable when barriers are broken down into 

their specific elements, so when each measure is enacted, the RET in question is elevated a little 

higher on the potential ladder to come closer to the end goal of realizing its techno-economic 

potential.  

 This framework effectively identifies context-specific barriers for a given RET in a 

region, which enables easier identification of measures to overcome barriers once they are 

broken down. The process of analysis may be appropriate in some circumstances, but this study 

will delve deeper into the problem by utilizing Elinor Ostrom’s framework for Institutional 

Analysis to better understand why these barriers exist and what is the most effective action to 

take to resolve them. In this sense, Painuly’s framework structures the methodological approach 

to identify the important barriers, and Ostrom’s framework is utilized to analyze those results. 

 

3.2 Ostrom’s Framework for Institutional Analysis and Development (IAD) 

 Elinor Ostrom’s framework for Institutional Analysis and Development (IAD) will be 

used to explain how context-specific barriers significantly impact the institutional arrangements 
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in the action arena of SWH adoption in Oregon. This utilizes the results from Painuly’s 

framework for identifying barriers to explain why those barriers exist at all in the institutional 

context of Oregon’s. However, before describing the adapted framework for the case of SWH 

adoption in Oregon, we must clearly understand Ostrom’s IAD framework. Institutional Analysis 

and Development is an analytical framework that endeavors to explain patterns of interactions 

and outcomes associated with a particular problem. This problem can be at many different levels, 

and an institutional framework identifies the major types of structural variables present in the 

existing institutional arrangements.7 

 The term institution refers to various types of entities, including organizations and the 

rules used to structure patterns of interaction within and across organizations (Ostrom 2007). 

According to Ostrom, “without the capacity to undertake systematic, comparative institutional 

assessments, recommendations of reform may be based on naïve ideas about which kinds of 

institutions are ‘good’ or ‘bad’ and not an analysis of performance” (2007). Institutions are 

fundamentally shared concepts and exist in participants’ minds rather than a specific, more 

tangible form. For this reason, they are difficult to measure, though by no means are they not 

important. Through analysis of these variables, the patterns of interaction can explain the cause 

of the outcomes that occur, and thereby gaining a better understanding of the problem at issue. 

 Analysis is framed by examining actors taking part in interactions within an action arena. 

“The term action arena refers to the social space where individuals interact, exchange goods and 

services, solve problems, dominate one another, or fight” (2007). The action arena is made up of 

two important components, one set of variables that makes up the action situation and one set of 

variables called the relevant actors. In analyzing an action arena, both components must be 

accounted for to diagnose, explain, and prediction both patterns of interactions and 
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corresponding results.8 The action situation functions as a concept that enables an analyst to 

“isolate the immediate structure affecting a process of interest for the purpose of explaining 

regularities in human actions and results, and potentially to reform them” (2007). The actor or 

group of actors refers to the individual(s) who engage in some pattern of interaction within the 

arena. This action “refers to those human behaviors to which the acting individual attaches a 

subjective and instrumental meaning” (2007). There is a reason for engaging in this action is it 

will have some intended consequence or result. 

 The formal framework is presented below in Figure 2: 

 

 Identifying the action arena and its components is the first step in analyzing a problem 

using the IAD framework. Again, this is important because this analysis helps explain and 

potentially predict behavior within institutional arrangements. To analyze the action arena, each 

of its components (the action situation and the actors) must be focused upon. “An action situation 

can be characterized by means of seven clusters of variables: 

(1) Participants 
(2) Positions 
(3) Outcomes 
(4) Action-Outcome linkages 
(5) The control that participants exercise 
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(6) Information 
(7) The costs and benefits assigned to outcomes. 

 
An actor (an individual or a corporate actor) includes assumptions about four clusters of 

variables: 

(1) The resources that an actor brings to a situation; 
(2) The valuation actors assign to states of the world and to actions; 
(3) The way actors acquire, process, retain, and use knowledge contingencies and 

information; and 
(4) The processes actors use for selection of particular course of action”    (Ostrom 2007). 

 
 While the complete IAD framework also includes theories and models of the individual, 

this research is largely concerned with the aspects of the framework that pertain to the impact of 

barriers on institutional arrangements, through either physical/material conditions, attributes of 

the community, or the rules-in-use (Ostrom 2011). These three categories make up the left side of 

the framework and essentially serve the function of telling the contextual story behind the action 

arena. It can be argued that the actors engage in certain patterns of behavior in action situations 

based upon these contextual elements and the existing institutions. 

 Rules-in-use refer to those sets of prescriptions which apply to the action arena and 

determine which actions or series of actions are required, permitted, or prohibited. Working rules 

can serve as those to which participants make reference if asked to justify why they just engaged 

in a particular action. According to Ostrom,  

A first step toward identifying the working rules can be made by overtly examining how working 
rules affect each of the variables of an action situation. A set of working rules that affects these 
variables should constitute the minimal but necessary set of rules needed to offer an explanation of 
actions and results used by participants to order their relationships within an actions arena. 

(2007) 
 
Specific considerations that should be addressed by the researcher to better understand the rules-

in-use for a particular action situation include examining: entry and exit rules (how does an actor 

become involved in a situation?); position rules (how does an actor become someone with a 
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specialized task?); scope rules (what is authorized or forbidden in the geographical or functional 

domains?); authority rules (what practices are required, allowed, forbidden?); aggregation rules 

(what choices are permitted?); information rules (what information is secret, public?); and payoff 

rules (how is conformance to the rules monitored, rewarded?).  

 Attributes of the state of the world and the physical/material conditions that are relevant 

to the structure of an action arena include a number of factors. The choices that an actor makes in 

an action arena, and the outcomes that result based on that choice are affected by the world being 

acted upon by participants. The analyst is able to explicitly examine these physical and material 

conditions by asking a series of questions about how the world being acted upon in a situation 

affects the outcome, action sets, action-outcome linkages, and information sets in that situation 

(2007).  

 Attributes of the community include more social considerations that are more difficult to 

measure, but are nonetheless equally important (Ostrom 2011). These attributes can include the 

“norms of behavior generally accepted in the community, the level of understanding that 

potential participants share about the structure of particular types of action arenas, the extent of 

homogeneity in the preferences of those living in a community, and the distribution of resources 

among those affected. The term ‘culture’ is frequently applied to this bundle of variables” 

(2007). These social aspects provide the last piece of the contextual background that make up the 

backdrop of the action arena, however there are additional relevant aspects of analysis. 

 There are multiple levels of institutional analysis that can be applied to this framework, 

because rules-in-use can exist inside other rules of their own. Ostrom uses the term “nesting” to 

describe how just as one action arena can be nested inside another, rules can also be nested inside 

other rules, which dictate how you can change them. What can be done at one level depends 
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upon the rules of that level as well as any lower rules. The multiple levels of analysis refer to 

three common levels of rules that affect actions and outcomes together. 

Operational rules directly affect day-to-day decisions made by the participants in any setting. 
Collective-choice rules affect operational activities and results through their effects in determining 
who is eligible and the specific rules to be used in changing operational rules. Constitutional-
choice rules affect operational activities and their effects in determining who is eligible and the 
rules to be used in crafting the set of collective-choice rules that in turn affect the set of 
operational rules. There is even a “metaconstitutional” level underlying all the others that is not 
frequently analyzed. One can think of the linkages among these rules and the related level of 
analysis. 

Ostrom 2007 

Depending upon the contextual background and the circumstances of the action arena under the 

analytical eye of the researcher, there is a need to approach the analysis a certain way. The 

patterns of behavior displayed by the participants in the action arena will determine which level 

of analysis is appropriate. It is important to keep in mind, as Ostrom points out, that the concept 

of an action arena does not imply a formal setting. “Policymaking regarding the rules that will be 

used to regulate operational-level choices is usually carried out in a one or more collective-

choice arenas” (2007). 

 

3.3 Preliminary Analysis Using the IAD Framework 

 The adapted framework of analysis for this study uses the identified barriers from 

Painuly’s framework, applied in Ostrom’s framework of Institutional Analysis and Development 

(IAD), to explain the patterns of behavior exhibited by the actors involved in the action arena. In 

this adapted framework, the problem of low SWH adoption exists in the action arena, while the 

barriers to SWH adoption impact the institutions and provide the contextual background for the 

action arena. These barriers as institutions can be any number of things (and will be identified by 

executing Painuly’s framework) but fit into Ostrom’s framework as belonging to the rule-in-use, 

physical or material conditions, or the attributes of the community. 
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 The general assumption and research problem for this study is that existing institutional 

structures in Oregon have resulted in low adoption levels of SWH. Incentives are frequently 

designed to promote the adoption of RETs; this much is understood and accepted in various 

levels of policy. However, in this case, policy is designed such that the incentives are not directly 

accounting for the barriers in place. Identification of the specific barriers and causes of this 

problem will help inform the design of appropriate policy to promote SWH. Ostrom’s framework 

allows for analysis of a situation where ineffective or dysfunctional policy exists so that 

particular attention is placed on the identification of the source of dysfunctional performance. 

Ultimately, the problem is that the current structure lacks the appropriate institutions to tip the 

scales to allow incentives to outweigh the barriers.  

 For the purposes of this study, it is helpful to do some preliminary analysis and think of 

us working backward (from right to left) through Ostrom’s framework. For the case of SWH 

adoption in the state of Oregon, we know the overall outcome is a low level of adoption. We can 

see the patterns of interaction that result from the participants’ actions in the action arena and 

how the choices of consumers and potential consumers of SWH typically result in not adopting 

the technology. Taking another step back allows us to investigate the reasons for these patterns 

of interaction and analyze why (more often than not) potential consumers make the choice to not 

adopt SWH. This choice is made at the individual level across a wide variety of potential 

consumers, but the overall trend in low adoption allows us to generalize this pattern as 

significant. The challenge (and the basis for using Painuly’s framework to formulate the 

methodology of this study) is that the most important and most relevant institutions to this case 

are not easy to identify. Once the important barriers are identified, they can be examined in depth 

using the IAD framework to ultimately find the best course of action to address the problem. 
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 The action arena for this study is the social space where current and potential consumers, 

providers, policymakers, and other interested parties (including renewable or efficiency 

organizations, utilities, housing industry stakeholders) can come together and interact regarding 

SWH applications in Oregon. These interactions (in the action situation) can range from an 

individual deciding to purchase a SWH application, to an organization selling, installing, or 

promoting a SWH application, or to a larger entity like a utility or governing body trying to 

incentivize adoption of this technology. As with any economic market, the action situation for 

SWH in Oregon is divided into consumer-side actors and supply-side actors. 

 As explained earlier, this study focuses on supply-side actors, of which there are many 

groups. The most obvious supply-side actors are the manufacturers/suppliers/contractors of SWH 

systems themselves. Additionally there are private, non-governmental, and non-profit 

organizations that serve to promote the adoption of SWHs either through direct incentives, 

dissemination of information, or third-party project management. These organizations can be 

non-profit organizations, non-governmental organizations, or private companies. Utility 

companies also play a significant role as they are the providers of energy that power 

conventional water heaters, and they have an important stake regarding the overall level of 

adoption of SWH in the region. Incentive programs specifically for SWHs vary across utilities in 

Oregon. Additional stakeholders include those in the housing industry, such as realtors, 

homebuilders, and building code specialists, because of the added value to a property that can be 

provided by a SWH system. Finally, policymakers and policy implementers at the local, state 

and federal levels play an enormous role in both designing and executing policies to promote 

SWH in the Oregon. These policies exist as some of the more tangible institutions associated 
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with the case of SWH adoption in Oregon and will be further outlined below to better illustrate 

the current institutional landscape. 

 

3.4 The Current Policy and Institutional Landscape of the United States and Oregon 

 Policies exist at multiple levels of government, and we will first address federal policies. 

Incentives established by the federal government have become more generous over the last ten 

years as the need for the coming energy transition has become more apparent. Federal incentives 

come out of significant legislation in the Energy Policy Act of 20059, the Energy Independence 

and Security Act of 200710, and the American Recovery and Reinvestment Act of 200911. These 

acts established a combination of tax credit, grant, and loan programs eligible for businesses and 

individuals. 

 The Business Energy Investment Tax Credit (ITC) is available to users of a variety of 

RETs. The tax credit is up to 30% of the capital investment for the technology, with a specific 

maximum incentive based on the kWh generated, varying depending upon the technology. The 

Renewable Electricity Production Tax Credit (PTC) works in a similar light, however instead of 

being applied directly to the capital investment, the incentive is applied on a continuous basis, 

usually through the first 10 years of operation. The tax credit varies depending upon the RET, 

but is a specific amount per kWh generated. The PTC has gone through several policy iterations, 

and has ultimately expanding the list of eligible RETs and the amount of the maximum incentive. 

The Residential Renewable Energy Tax Credit is a personal tax credit applicable to consumers in 

the residential sector that allows for a 30% tax credit on a variety of RET projects. For most 

RETs, there is no maximum value to this limit, however there are certification requirements for 

several applications to remain eligible. There are additional incentive structures available 
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through the Federal government, such as competitive grant programs, loans, and exemption 

statuses for various RET projects, however the Tax Credit programs detailed here are the ones 

most commonly used by consumers. 

 State measures are largely modeled on the common framework established by the Federal 

government. In Oregon, there are also a variety of incentive structures to promote the adoption of 

RETs, including tax credit, grants, loans, and rebate programs. However, because of the 

possibilities offered through a more focused regional scope, utility companies are also able to 

incentivize similar programs for their specific ratepayers, in addition to government programs. 

First, the most commonly used incentive program at the state level is the Residential Energy Tax 

Credit (RETC). This has a similar structure to the comparable Federal tax credit, with 

applications for a variety of eligible RETs, and award amounts dependent upon the kind of 

technology and the amount of energy saved or renewable energy generated. The formerly 

popular Business Energy Tax Credit (BETC) was sunset in 2012, and a framework of 

competitive grants replaced it through the Renewable Energy Development Grant Program. This 

program offers grants to residential or commercial applicants of up to $250,000 or 35% of 

project cost through a competitive application process. There is an annual budget of $3 million 

for these projects and a variety of RETs are considered eligible. The Small-Scale Energy Loan 

Program offers loans between $20,000 and $20 million. Terms of the loan can vary but are 

typically between 5 and 15 years, however the term of the loan cannot exceed the expected life 

of the technology in the product. Various RETs are eligible as well as other energy efficiency 

projects. 

 The incentive programs listed here are the most common, however there are more 

programs available ranging from rebates to performance-based incentives. Additionally, as noted 
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above, various utilities have established programs separate from the government policies. Many 

of these programs are similar in structure, either through offering loans, rebates, or other 

financial incentives, and are specific to certain RET applications. 

 For individuals interested in adopting domestic Solar Water Heating systems can take 

advantage of the Federal Residential Renewable Energy Tax Credit with the maximum of 30% 

of the initial investment. Additionally, the state Residential Energy Tax Credit allows for a credit 

that is dependent on the size of the system. The credit is $0.60 per kWh saved with a maximum 

incentive of $1,500. Additional requirements include standards for system quality and the 

purchase of a system that is OG-300 certified. This certification level is established 

independently by the Solar Rating & Certification Corporation (SRCC), and evaluates all 

available system options on the market.12 In addition to the government incentive programs, the 

Energy Trust of Oregon (ETO) offers rebates to consumers within the service regions of Portland 

General Electric and NW Natural utilities, who install SWH. These rebates range between $550 

and $1,200 depending on the location within the service regions and the type of backup system 

complementing the Solar Water Heater (gas or electric).13 It is also important to take into 

consideration incentives for competing products, most notably photovoltaics. State incentives for 

PVs are similar to SWH in that they are also tax credits, but instead of a cap at $1,500, there is a 

cap at $6,000, spread out over four tax years.14 

 Incentive programs available on a smaller scale come from smaller utilities offering 

rebates to their customers for installing Solar Water Heaters. Ashland Electric Utility’s Bright 

Way to Heat Water Rebate Program offers a rebate of $0.40 per annual kWh saved, up to 

$1,000.15 Central Lincoln People’s Utility District offers a rebate of $800 per system, and must 

be SRCC OG-300 certified.16 Consumers Power, Inc. offers a rebate of $500 per system, and 
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systems must be eligible for state credits and greater than 31 sq. ft.17 Salem Electric offers a $600 

rebate for SWH systems that meet state requirements.18 Finally, the Eugene Water & Electric 

Board (EWEB) offers a $7,000 zero-interest loan with a 5-year term to their electric customers to 

help finance the capital investment of installing a SWH system.19 The most commonly used 

incentive programs on a statewide basis are outlined in the table below. 

Available Incentive Programs for Residential Solar Water Heating 
Residential Renewable 
Energy Tax Credit 
(Federal) 

Residential Energy Tax 
Credit (State*) 

Small-Scale Energy Loan 
Program (State*) 

Solar Water Heating 
Incentive Program 
(Energy Trust of Oregon) 

30% $0.60/kwh saved / $1,500 Amount Varies $550-$1,200 
* Cannot use simultaneously 
 
 The last piece relevant to the institutional landscape of SWH in Oregon is legislation 

regarding how SWH is defined. Incentive structures in Oregon are based upon the RET in 

question falling under one of two classifications for alternative energy devices (AEDs). 

According to Oregon Revised Statute (ORS) 316.116, a Category I device is eligible for up to 

$1,500 in tax credits and refers to energy efficiency measures and conservation devices. A 

Category II device is eligible for up to $6,000 in credits (for residential applications) and 

encompasses most RETs that produce electricity. SWH is classified as a Category I device. 
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4.0 The Potential of SWH 

 

4.1 The National Potential 

 Solar water heating applications are understood by professionals and objective agencies 

to be technologically mature. It is evident in the literature that international patterns of success 

have occurred for decades and this technology can function well in a very reliable manner. 

However, adoption remains low in the United States. In 2007, the National Renewable Energy 

Laboratory (NREL) published a report evaluating the technical potential of solar water heating to 

reduce fossil fuel use and greenhouse gas emissions in the United States, authored by P. 

Denholm. This report presents what could perhaps be considered an overly optimistic view of the 

national potential of SWH based on assumptions about the expected price of natural gas; the 

report expects natural gas prices to sky rocket, and as we have seen since its publication, this has 

not been the case, with domestic sources of natural gas keeping prices low for the foreseeable 

future. However, the report still carries significant merit in its evaluation of the potential to 

reduce fossil fuel use and greenhouse gas emissions in the United States. 

 Evaluating the technical potential of SWH systems must account for a number of factors, 

including total solar fraction and regional rooftop availability. “The actual solar fraction of a 
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SWH system depends on the quality of the solar resource, the technical characteristics of the 

individual system, and water-use patterns” (Denholm 2007). Regional rooftop availability 

includes roof orientation, minimum roof size, shading, and load-bearing capability. Non-

technical factors that are still important to consider are economics, aesthetics, local building 

codes, and ordinances. The report evaluated the technical potential of SWH based on a series of 

assumptions regarding total solar fraction and rooftop availability. “To provide a baseline 

estimate for SWH potential, we used… the fraction of buildings in each census region that had 

sufficient roof area and orientation to deploy SWH. Also provided is a national average value, 

weighted by the number of buildings in each census region” (Denholm 2007). 

 The results of this report state that the current technical potential of SWH in the United 

States is estimated at about 1 quad of primary energy savings per year, which is equivalent to an 

annual CO2 emissions reduction potential of about 50-75 million metric tons (Denholm 2007). 

Monetary savings were estimated at more than $8 billion per year in retail energy costs, while 

protecting against fuel price escalation, but this must be taken with a grain of salt, as natural gas 

prices have remained low. Despite this, however, “a large fraction of water heating energy is 

[italics added] derived from natural gas, either from direct use, or from electric water heating, 

where natural gas is the marginal fuel for much of the year. As a result, SWH represents a 

significant opportunity to reduce natural gas use in the building sector” (Denholm 2007). 

 This study would also benefit from a more relevant regional analysis of the potential of 

SWH. For simplification, we will only consider the residential sector. Some of the most 

important considerations when evaluating this potential are environmental and economic in 

nature. The environmental savings come from a significant reduction in fossil fuel consumption 

assuming a large-scale adoption of this technology. For natural gas backup systems, this is 
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evident through direct reduction in natural gas consumption. For electricity, it is less direct, 

though significant potential remains, with almost 52% of Oregon’s electricity generation coming 

from coal, natural gas, or petroleum. The economic benefits are found in both the supply and 

demand side of the SWH industry. Wide-scale adoption would result in significant monetary 

savings to consumers throughout the state, as well as substantial market stimulation for 

supplying industry. 

 

4.2 The Potential Environmental Benefit 

 To calculate the environmental benefit through the reduction of fossil fuels, we will 

evaluate the maximum potential possible—the “pipe-dream” level of SWH adoption. The United 

States Census identifies 1,684,193 household units in Oregon in 201120—for simplicity we will 

assume 1.7 million household units for our calculations. While we cannot identify the real world 

split between natural gas and electricity-powered water heaters, we can calculate an artificial 

maximum potential for each, and compare them against each other. If we were to assume that 

every household unit in Oregon used natural gas to heat water, then we could determine the 

“pipe-dream” savings if every one installed a SWH system. An average savings of 50% would 

lead to an annual reduction of 122 therms per system. That amounts to 207.4 million fewer 

therms of natural gas consumed in the state of Oregon. 

 If we were to assume an electric water heater for every home, and a 50% savings 

resulting in 2,375 kWh saved per system annually, the statewide savings of the “pipe-dream” 

scenario would be 4.0375 billion kWh per year. This number is difficult to conceptualize, 

because kilowatt-hours and megawatt-hours are so rarely brought up in conversation. A useful 

metric for measuring electricity offset through the use of efficiency measures or RETs is the 
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Rosenfeld, named for Arthur Rosenfeld and detailed in Jonathan Koomey’s “Defining a standard 

metric for energy savings,” and colloquially termed the “nega-watt.” 

 A Rosenfeld is meant to be a measure of electricity use avoided and is conceptually 

imagined as the amount of electricity generated by one average (500MW capacity) coal-fired 

power plant. The electricity produced by an averaged size coal plant is roughly three billion 

kWh/year (Koomey et al.) To achieve this amount in energy savings by avoided use, it is 

visualized as one avoided coal plant. For our evaluation, we can determine how many avoided 

coal plants would result in our “pipe-dream” level of SWH adoption. 4.0375 billion kWh per 

year is equivalent to about 1.35 Rosenfelds, or one-and-a-third avoided coal-fired power plants. 

To return briefly to the actual number of SWHs installed based on the data in Figure 1, the last 5 

years (2007-2011) show fewer than 1,500 tax-credit-certified systems installed. This amounts to 

less than .1% of 1 Rosenfeld. Admittedly, these savings calculations must be taken with a grain 

of salt, as they are not accurate to the distribution of electric vs. natural gas backup systems, 

however they help to paint a picture of the potential to significantly reduce statewide fossil fuel 

consumption. 

 SWH has the potential to greatly reduce the regional demand of electricity and natural 

gas required for domestic water heating. Even in Oregon where the sun is not always clearly 

shining, SWH systems can still cover over 50% of a household’s hot water needs. This results in 

not only regional environmental benefit from the reduction of fossil fuel consumption, but also 

significant economic savings to the consumers. Assume for these calculations that the backup 

system is an electric water heater, and without SWH, would use 4,750 kWh/year for domestic 

water heating needs21. The question is how many SWH systems does it take to save this much 

energy? It is set up as follows: 
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50% x 4,750 kWh/year = 2,375 kWh/year 

3,000,000,000 kWh/year ÷ 2,375 kWh/year = 1,263,158 SWH systems 

 

This may seem like a daunting number but this is about three quarters of the household units in 

the state of Oregon according to the 2010 Census. If SWH systems were in three-fourths of the 

residential sector, then that would be the equivalent energy reduction to turning off one average 

coal power plant. Due to variability in system size, backup resources, and the lack of the 

inclusion of commercial applications in the analysis indicates that these estimates may not be 

incredibly robust, however, these are averages to give a clearer picture of the potential. 

 

4.3 The Potential Economic Savings 

 To calculate the potential economic savings, similar assumptions are used where an 

average SWH system is saving about 2,375 kWh/year. At Oregon’s average price of 7.63¢ / kWh 

the economic savings are as follows: 

 

2,375 kWh / year x $0.0763 / kWh = $181.22 

$181.22 x 1,263,158 systems = $228,900,019 

 

If three-fourths of the residential sector adopted SWHs, there would be savings of over $180 per 

household and almost $230 million statewide. It is likely unrealistic to expect adoption of SWH 

to reach such a high level of saturation, but the potential remains. Households that adopt SWHs 

would also realize monetary savings in the long run because their utility bills would decrease as a 

result of their reduced energy consumption required for conventional water heating. 
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 Lastly, utilities would reap the benefits of widespread SWH adoption in the state because 

they would be able to more easily manage the regional natural gas and peak-load demand of their 

consumer base. To adequately meet the demand of the region during high-consumption times, 

large-scale utilities are required to ramp up expensive peak-load generators. This is not only a 

financial drain on utilities, but on ratepayers (customers) who see those costs reflected on their 

own utility bill with higher rates. Even in Oregon’s climate, the regional load benefit is 

significant. 

 

4.4 The Payback of a SWH System 

 To gain a better understanding of the difficulties faced by the consumers, consider a basic 

payback scenario for a residential SWH system. One of the most prominent difficulties facing 

homeowners is the upfront capital investment in the system. According to a report released by 

the Gotham Research Group in early 2012, the largest barrier standing the way of installing solar 

water heaters throughout the country is the cost of installation. When materials and labor are 

taken into consideration, residential solar water heaters can cost between $1,000 and $10,000. 

This wide range exists because there are a variety of system styles that the consumer can take 

advantage of, ranging from short-life DIY kits to the professionally installed and regulated 

longer-life systems. In comparison, the average cost of an electric or gas heater ranges from $150 

to $1,000. The federal and state funding addresses the financial burden on the consumer, to help 

them overcome the initial hurdle of installation. 

 Based on data provided by the Oregon Department of Energy (ODOE), the average 

project cost for tax-credit-certified SWHs in Oregon over the last 5 years of available data (2007-

2011), ranges from $5,800 to $7,700, with an average cost of about $6,800. This includes the 
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cost of materials/equipment and labor associated with the installation of the roof-mounted 

panels, plumbing, and integration with the conventional water heater. Depending on physical 

space limitations of the installation site, plumbing costs might be higher than average (if they 

have to extend a longer distance). However, this analysis will assume the cost of an average 

system is $6,800. 

 Assuming we know the initial cost of the SWH system, we can calculate the net cost after 

incentives have been taken into account through either tax credits or rebates. For this analysis, 

we will assume that the consumer is using the three most common programs, the Federal 

Residential Renewable Energy Tax Credit (30%), the State Residential Energy Tax Credit 

(variable—max $1,500), and the Energy Trust of Oregon rebate (variable—$550-$1,200). We 

can determine the value of the Federal Credit, at 30% of $6,800, to be $2,040. We will assume 

that a SWH system will be sized such that the maximum State Credit will be reached at $1,500. 

For the ETO rebate, the variability depends upon the energy source of the backup system (natural 

gas or electricity) and the site location within the state. To remain conservative with our 

estimates, we will assume the lower rebate for each backup source: Natural gas backups can 

qualify for at least a $550 rebate; Electricity backups can qualify for at least a $1,000 rebate. 

 Savings through usage depend upon a variety of factors, not the least important of which 

is size and efficiency of the system, however it will also vary based upon the backup system fuel 

source (hence the difference in incentives through the ETO). As stated before, SWH systems can 

cover 50-75% of a household’s hot water needs, however we will once again remain 

conservative and assume that 50% of the household’s hot water needs will be met by the SWH 

system. Based upon the average cost of natural gas per therm in Oregon at $0.9760422, and the 

average usage of domestic hot water in one year, we get an average annual cost of heating hot 
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water at $239 per household.23 If we assume that a SWH system covers at least 50% of this cost, 

then the annual savings for a natural gas backup system is $119.50, we’ll call it $120. 

 Based upon the average cost of electricity per kilowatt-hour in Oregon at $0.0756,24 and 

the average usage of domestic hot water in one year, we get an average annual cost of heating 

hot water at $380 per household.25 Again, assuming a SWH system results in 50% savings, the 

annual savings for an electricity backup system is $190. 

Source of 
Backup 

Capital 
Investment 

Federal Tax 
Credit 

State Tax 
Credit 

Energy 
Trust 
Rebate 

Net Cost 
of SWH 
System 

Annual 
Savings 

Natural Gas $6,800 $2,040 $1,500 $550 $2,710 $120 
Electricity $6,800 $2,040 $1,500 $1,000 $2,260 $190 

Based on this table we are able to determine the average payback in years using the relationship 

between net cost and annual savings. 

𝑁𝑒𝑡  𝐶𝑜𝑠𝑡($)
𝐴𝑛𝑛𝑢𝑎𝑙  𝑆𝑎𝑣𝑖𝑛𝑔𝑠($/𝑦𝑟) = 𝑃𝑎𝑦𝑏𝑎𝑐𝑘  𝑇𝑖𝑚𝑒  (𝑦𝑟𝑠) 

 The average payback time for a SWH system using a natural gas backup system is about 

23 years. The average payback time for a SWH system using an electricity backup system is 

about 12 years. These are conservative estimates and can significantly improve depending on the 

efficiency of the SWH system and the amount of hot water consumption on the property. SWH 

systems pay back much faster if the users consume more hot water—the implication of this is 

that larger hot-water consumers (often larger families or commercial properties) will save more 

than smaller consumers. The average life of a SWH system is about 25 years, so both of these 

paybacks fall within this time, however this may be greater than consumers would prefer. 

 The evidence presented through these preliminary analyses and the literature show that 

solar water heating is a technologically mature RET with significant potential to provide 

economic savings and environmental benefit on a regional scale. The policy landscape that exists 
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in Oregon for SWH is one that heavily favors tax credits and rebates resulting in capital subsidy 

awarded after system installation. This allows for users to claim up to a substantial percentage of 

their capital investment on their tax returns, but they must front the initial cost of the system and 

installation. Despite these incentives, a high adoption rate for SWH has not been achieved in 

Oregon, resulting in a low regional impact of this technology.  
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5.0 APPROACH AND METHODOLOGY 
 
 
 
5.1 Research Goals and Research Question 

 The goal of this study is to identify the most important barriers that exist for SWH 

adoption in the state of Oregon and inform policy to address these issues. From this the research 

question becomes: What are the most significant barriers to the adoption of SWH in Oregon? 

Following from that, what are the most appropriate policy measures to address the identified 

SWH barriers and successfully promote SWH adoption going forward. To answer these 

questions, both barriers and policies must be identified and analyzed to determine appropriate 

courses of action. Barriers common to most RETs have been identified in the literature review of 

this study, as have common promotion measures adopted by governing organizations. The 

current policy landscape describes the promotion strategies currently in effect, although we are 

left with the problem of importance to this research with of low SWH adoption levels. 

 

5.2 Adapted Framework of Analysis 

 Painuly’s framework for identification of barriers uses the contextual background of 

common barriers for RETs to hone in and identify the most important barriers to the case of 
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SWH adoption in Oregon. A barrier is considered most important if there would be the largest 

relative impact if that barrier were removed. This process of identifying a number of the most 

important barriers allows the analyst to focus on the real crux of the problem in question (low 

adoption). The second framework allows us to analyze the identified barriers in the context of 

institutional analysis to better understand the best method to use in promoting SWH adoption. 

 

5.3 Stakeholder Mapping – A Supply-Side Stakeholder Approach 

 The first step to executing this study is to gain an established understanding of common 

barrier and promotion policies, which is presented in earlier sections of this paper. The next step 

is to identify the appropriate target population of stakeholders to engage in study. This step was 

undertaken by utilizing the BSR Stakeholder Mapping approach to identify the most valuable 

stakeholder groups to engage with this research study, the four-step process of Identifying, 

Analyzing, Mapping, and Prioritizing. The visualization of the mapping process can be found in 

Appendix 1. The basic results of the mapping process are that the most valuable stakeholder 

groups to engage for this research are various groups under the umbrella of supply-side 

stakeholders. This is because these groups, which include SWH industry members, RET or 

energy efficiency organizations, policymakers, and regional and local utility representatives, are 

likely the most informed and the most willing to participate in this study, meaning they would 

yield the most valuable results. Additionally, these groups are comprised of potential survey 

participants that are more easily engaged because they are more visible in the public and 

professional spheres (and therefore more easily accessible), as compared to other potentially 

valuable stakeholder groups such as current or non-current (potential) SWH consumers. 
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 This is not to say that current or potential SWH consumers (consumer-side stakeholders) 

would provide meaningful results, but the effort of this research to identify barriers to the current 

SWH industry necessitates more informed opinions, therefore they are not included in this study. 

This may be viewed as a potential weakness of this study as it does not provide as complete a 

picture as possible, but due to time and resource constraints, it is an acceptable one. Future 

research in this topic should endeavor to close this gap by targeting current or potential 

consumers, perhaps by gaining access to utility ratepayers. Ultimately, the current research is 

valuable because the informed opinions of supply-side stakeholders can help to identify the gap 

in existing policies as well as additional barriers that might exist, and it can help to also identify 

measures to overcome the barriers. 

 

5.4 Informal Conversations 

 The first step of stakeholder engagement began with informal conversations with 

representative stakeholders. These individuals were informed members of the SWH community 

in the state of Oregon who were able to provide additional contextual information about the 

current state of affairs of SWH in the state that was not easily available in the literature or current 

policy design. There were no formal results to report from these conversations (as they were 

informal and intended to simply inform the researcher) other than the general knowledge about 

the solar water heating history in Oregon, which has been presented in this paper. 

 

5.5 Questionnaire Design 

 The next step was to design the survey for supply-side stakeholders. The survey was 

designed (and executed) using the online survey software Qualtrics to simply facilitate 
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participation for survey respondents. The survey design began with addressing the common 

barrier categories. The literature review helped to identify the most common barrier categories to 

be found for RET adoption, and input from the best literature was synthesized to determine the 

barrier categories around which to frame the analysis for this study. Six barrier categories were 

chosen: (1) Social/Cultural/Behavioral; (2) Economic/Financial; (3) Technical; (4) Institutional/ 

Regulatory; (5) Market Distortion/Failure; and (6) Policy. The isolation of these barrier 

categories as common among all RETs helps inform the next step of the research process and the 

stakeholder engagement. 

 Once barrier categories were established, the research identified context-specific barriers 

by gaining content familiarity through site visits and informal conversations with representative 

stakeholders. Site visits for this project included visits to the Oregon Department of Energy in 

Salem, OR, the Energy Trust of Oregon in downtown Portland, OR, and a commercial SWH 

application at the Lucky Lab Brewery in NW Portland. The informal conversations with several 

representative stakeholders also took place during these visits. This process isolated specific 

barriers that fall into the barrier categories, but does not necessarily identify which barriers are 

most important for SWH. Based upon the existing literature, current policy design, site visits, 

and the informal conversations, the following context-specific barriers were identified for each 

barrier category. 
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Social/Cultural/Behavioral	  
Consumers	  not	  familiar	  with	  SWH	  
Consumers	  not	  familiar	  with	  incentives	  for	  SWH	  
Consumers	  prefer	  conventional	  water	  heating	  
systems	  (such	  as	  gas	  or	  electric)	  
Consumers	  prefer	  other	  RETs	  that	  produce	  electricity	  
over	  heat	  (thermal)	  energy	  

Institutional/Regulatory	  
Lack	  of	  institutions	  to	  disseminate	  info	  /	  raise	  
awareness	  about	  SWH	  
Lack	  of	  involvement	  by	  key	  stakeholders	  when	  
making	  decision	  
Regulatory	  framework	  is	  too	  constricting	  

Economic/Financial	  
The	  initial	  cost	  of	  SWH	  is	  too	  high	  
It	  takes	  too	  long	  to	  pay	  back	  the	  cost	  of	  the	  system	  
There	  is	  a	  lack	  of	  competitive	  financing	  options	  
(interest	  and	  term	  length)	  
Incentives	  for	  SWH	  are	  not	  large	  enough.	  

Market	  Distortion/Failure	  
Favor	  (such	  as	  larger	  subsidies)	  given	  to	  other	  RETs	  
Lack	  of	  competition	  in	  the	  market	  for	  SWH	  products	  
Too	  much	  competition	  in	  the	  market	  for	  SWH	  
products	  
Conventional	  energy	  sources	  that	  do	  not	  account	  for	  
external	  costs	  are	  cheaper.	  

Technical	  
SWH	  installation	  and	  maintenance	  is	  too	  	  
complicated	  /	  expensive	  
Existing	  products	  are	  unreliable	  
Physical	  space	  limitations	  on	  potential	  sites	  
	  

Policy	  
Lack	  of	  stability	  in	  incentive	  policies	  
Consumers	  unable	  to	  take	  advantage	  of	  tax	  credit	  due	  
to	  low	  tax	  liability	  
Incentive	  policies	  to	  promote	  awareness	  or	  
disseminate	  information	  
Competing	  technologies	  (such	  as	  solar	  photovoltaic)	  
receive	  greater	  share	  of	  incentives.	  

 

 In addition to including questions about specific barriers, the questionnaire was designed 

to allow respondents to offer qualitative feedback about SWH barriers that they see from their 

perspective. Again, respondents are intended to be informed participants in the SWH 

community/industry in Oregon. The purpose of allowing for qualitative responses in addition to 

ranking the importance of barriers was to ensure that the results were the best possible, and not 

necessarily limited by the survey design, in case it does not access every aspect of the problem. 

In addition to questions on barriers, general perception questions about SWHs and RETs were 

asked to participants in the hopes of eliciting responses detailing the perceived influence of the 

technologies, and the knowledge participants had of them. Survey questions can be found in 

Appendix 2. 
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5.6 Survey Execution 

 The online questionnaire was distributed to 391 individuals who were identified as SWH 

stakeholders based upon their professional affiliations and publicly available information. The 

supply-side stakeholder categories included: SWH industry members such as suppliers, 

contractors and manufacturers; utility representatives; policymakers/analysts and other public 

employees; housing industry members; and renewable energy/energy efficiency promoting 

organizations, which could be private, non-profit, or non-governmental organizations. 

Professional email addresses were identified for potential respondents through publicly available 

information on company websites and organizational directories. 

 Contact with potential respondents was executed over three separate phases to ensure the 

highest response rate possible. The first phase was a notification to expect the survey in the 

coming week (“postcard” phase). The second phase was the actual link to the activated survey 7 

days later. The third and final phase was a reminder email with the survey link attached 10 days 

later. The survey remained active for an additional 7 days before closing, bringing the total time 

between the initial contact with participants to survey close to 24 days. The survey provided 

results expressing the opinions of participants, and particularly identified the unit of analysis for 

this study of specific barriers to SWH adoption. 
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6.0 Results 
 
 
6.1 Survey Response 

 The questionnaire was emailed to 391 individuals and received responses from 76 

individuals, yielding a response rate of 19.4%. Of those 76 responses, 75% completed at least 

80% of the survey, with some exiting the survey before the final pages allowing for last 

comments and thanking them for their participation. The remaining 25% quit the survey at 

varying degrees of completion. The analysis of the results presented here treats any unanswered 

questions (due to skipping questions or closing the survey) as “missing” responses and remains 

to account for the results from the questions that were answered. 

 This survey yielded a response rate of 19.4%, which, according to the literature, is fairly 

common for the approach of using an online questionnaire sent out via email. Since this survey 

targeted a specific population of individuals who have a stake in the content of the survey, it was 

expected that there would be a higher response rate. This proved to not be the case, however, 

judging by distribution of respondent demographics, participants who have a clearly larger stake 

in SWH in the state had a high response rate. Twelve respondents categorized themselves as a 

utility employee, seven as a Non Profit/NGO/Private employee, six as a public employee, thirty-

two as a SWH industry member, seventeen as “other,” and two preferred not to answer. Those 
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who identified as belonging to the “other” category largely belonged to the housing industry, as 

“green” realtors, contractors, and building code professionals, with one listed as “educator.” 

 Several of the online survey questions employed “survey logic” software to display 

certain questions to certain respondents, depending upon how they identified themselves. This 

was done to try and get the most informed individuals to respond to the most relevant questions 

as well as the questions asked to all participants. However, due to the response rate and the low 

number of total responses, quantitative results from this survey are not robust in nature. They do 

provide an interesting insight into trends of the various responses, but we would not be able to 

claim significance with these results. However, in contrast, valuable results were received 

through the qualitative responses. Throughout the survey, participants were given the 

opportunity to provide extra feedback for a given barrier category (Social/Behavioral/Cultural, 

Economic/Financial, Technical, Institutional/Regulatory, Market Distortion/Failure, and Policy), 

and then given the opportunity to provide final comments on anything they feel was left out. 

These qualitative responses proved to be more valuable than the quantitative results and provided 

additional background to address the barriers to the problem. The themes identified from these 

results proved to be the most valuable for the analysis of barriers to SWH in Oregon. 

 

6.2 Quantitative Results 

 The quantitative results to the survey yielded responses regarding general perspectives 

and knowledge of the RET and energy efficiency industry. Questions asked addressed the current 

state of RETs and SWH in Oregon, as well as the perceived general potential of SWH, regarding 

factors such as economic and environmental savings and benefits. The majority of quantitative 

questions asked respondents to rate their level of agreement with a given statement, on a scale of 
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1 to 5, with 1 being strongly disagree and 5 being strongly agree. With these results, anything 

over 3 (neutral) is “generally agree,” and anything under 3 is “generally disagree.” Again, 

responses reported here are not robust due to a low N, but they do indicate general results. 

 

Statement	  
Generally	  

Agree/Disagree	  
Mean	   Responses	  

If	  there	  were	  a	  higher	  rate	  of	  adoption	  of	  RETs	  in	  

the	  state	  there	  would	  be	  a	  positive	  

ENVIRONMENTAL	  impact	  

Agree	   4.34	   68	  

If	  there	  were	  a	  higher	  rate	  of	  adoption	  of	  RETs	  in	  

the	  state	  there	  would	  be	  a	  positive	  ECONOMIC	  

impact	  

Agree	   4.00	   69	  

RETs	  are	  not	  cost	  effective	  compared	  to	  

traditional	  energy	  resources	  
Disagree	   2.67	   69	  
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 The following questions were asked only to utility representatives.  

Statement	  
Generally	  

Agree/Disagree	  
Mean	   Responses	  

There	  is	  adequate	  information	  regarding	  the	  

potential	  energy	  savings	  from	  the	  use	  of	  Solar	  

Water	  Heating	  in	  my	  utility’s	  service	  region	  

Disagree	   2.73	   11	  

It	  is	  easy	  to	  measure	  the	  economic	  impact	  of	  Solar	  

Water	  Heating	  
Disagree	   2.73	   11	  

There	  is	  a	  sufficient	  level	  of	  involvement	  by	  the	  

utilities	  in	  Solar	  Water	  Heating	  programs	  
Disagree	   2.73	   11	  

There	  should	  be	  a	  higher	  level	  of	  involvement	  by	  

the	  utilities	  in	  Solar	  Water	  Heating	  programs	  
Agree	   3.18	   11	  

 

 Utility respondents were then asked to assume a hypothetical scenario where every 

residential and commercial property in the state installed a SWH system, and to state whether 

they felt there would be a positive impact (+1), a negative impact (-1), or neither (0) on the 

following factors. Responses of “Don’t Know” were thrown out. Means that were positive 

(greater than 0) generally indicate a positive impact, and negative means generally indicate a 

negative impact. 
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Category Mean Responses 

 
The Environment 

 
+0.82 

 

 
11 

Base-load demand 
for electricity and 

natural gas 

 
-0.45 

 
11 

Utility Company 
Profits 

 

 
-0.78 

 
9 

Customer 
Satisfaction 

 

 
+0.38 

 
8 

Public Image of 
RETs 

 

 
+0.60 

 
10 

 
Job Growth 

 

 
+0.60 

 
10 

Renewable Energy 
Development 

 

 
+0.73 

 
11 

 
 

 Respondents who identified as Non-Profit, NGO, or Private employees were asked to 

similarly rank a number of statements relating to an expected higher level of familiarity with 

SWH. 
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Statement	  
Generally	  	  

Agree/Disagree	  
Mean	   Responses	  

A	  consumer	  who	  purchases	  a	  Photovoltaic	  system	  

is	  significantly	  less	  likely	  to	  purchase	  a	  Solar	  

Water	  Heating	  System	  

Agree	   3.11	   28	  

There	  are	  adequate	  financial	  incentives	  currently	  

in	  place	  in	  the	  RESIDENTIAL	  sector	  
Disagree	   2.37	   27	  

There	  are	  adequate	  financial	  incentives	  currently	  

in	  place	  in	  the	  COMMERCIAL	  sector	  
Disagree	   1.81	   27	  

TAX	  CREDITS	  are	  an	  effective	  means	  of	  

incentivizing	  the	  adoption	  of	  SWH	  
Agree	   3.52	   29	  

COMPETITIVE	  LOANS	  are	  an	  effective	  means	  of	  

incentivizing	  the	  adoption	  of	  SWH	  
Agree	   3.28	   29	  

Leasing	  a	  SWH	  system	  through	  a	  third	  party	  such	  

as	  a	  Utility	  company	  or	  a	  financial	  institution	  is	  an	  

effective	  means	  of	  incentivizing	  the	  adoption	  of	  

SWH	  

Disagree	   2.89	   28	  

 

It is important to note here that tax credits received the highest rating of the stated promotion 

measures, which is interesting given the fact that that is largely the current policy structure. 
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The following questions were asked to all respondents. 

Statement	  
Generally	  

Agree/Disagree	  
Mean	   Responses	  

The	  BENEFITS	  of	  SWH	  are	  generally	  understood	  

by	  the	  public	  
Disagree	   2.28	   29	  

The	  COSTS	  associated	  with	  SWH	  are	  generally	  

understood	  by	  the	  public	  
Disagree	   1.72	   29	  

Existing	  loan	  programs	  from	  the	  state	  or	  other	  

financial	  institutions	  offer	  competitive	  rates	  and	  

terms	  for	  SWH	  systems	  

Disagree	   2.54	   26	  

If	  more	  people	  installed	  SWH	  systems,	  then	  there	  

would	  be	  a	  positive	  ENVIRONMENTAL	  impact,	  
Agree	   4.46	   72	  

If	  more	  people	  installed	  SWH	  systems,	  then	  there	  

would	  be	  a	  positive	  ECONOMIC	  impact	  
Agree	   4.10	   71	  

  

 Table 1 presents the results from the identified barriers ranked as the most important. 

Participants viewed each barrier category and ranked the individual barriers on a scale of 1-5, 

with 1 being least important (meaning removing the barrier would have the least impact on 

adoption of SWH) and 5 being most important (meaning removing the barrier would have the 

greatest impact on SWH adoption). Participants were able to offer qualitative responses for each 

barrier category, but these results will be discussed in a later section. 
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Table 1: Barrier Categories, Barriers, and Means 
Barrier 

Category Barrier Overall 
Mean 

SWH Industry 
Mean 

Social/ Cultural/  
Behavioral 

Consumers are not familiar with SWH 3.83 3.75 
Consumers are not aware of incentives for SWH 3.87 3.63 

Consumers prefer conventional water heating systems  
(such as electricity or natural gas) 2.51 2.38 

Consumers prefer RETs that produce electricity over 
thermal (heat) energy 3.11 3.92 

Economic/ 
Financial 

The initial cost of a SWH system is too high 4.43 4.25 
It takes too long to pay back the cost of the system 4.07 3.75 

There is a lack of competitive financing options 
(interest and term length) 3.24 3.25 

Incentives for SWH are not large enough 3.64 3.96 

Technical 

SWH installation and maintenance is too 
complicated/expensive 3.47 3.13 

Existing products are unreliable 2.52 1.75 
Physical space limitations on potential sites 3.05 2.75 

Institutional/ 
Regulatory 

Lack of institutions to disseminate info /  
raise awareness about SWH 3.26 3.38 

Lack of involvement by key stakeholders 
when making decisions 3.08 3.17 

Regulatory framework too constricting 2.88 3.25 

Market 
Distortion/ 

Market Failure 

Favor (such as larger subsidies) given to other RETs 3.63 4.13 
Lack of competition in the market for SWH products 2.71 2.33 

Too much competition in the market for SWH products 1.97 1.96 
Conventional energy sources that do not  

account for external costs are cheaper 4.21 4.39 

Policy 

Lack of stability in incentive policies 3.69 3.58 
Consumers unable to take advantage of tax credit due to 

low tax liability 3.48 3.57 
Incentive policies targeted at residential sector 2.98 2.96 

Lack of policies to promote  
awareness or disseminate information 3.61 3.46 

Competing technologies (such as Solar Photovoltaic) 
receive greater share of incentives 3.64 3.78 
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 Table 2 displays the individual barriers in ranked order of importance. 
 
Table 2: Barriers ranked in order of importance according to overall means 
 
Rank Barrier Mean Barrier Category 

1 The initial cost of a SWH system is too high 4.43 Economic / Financial 

2 Conventional energy sources that do not 
account for external costs are cheaper 4.21 Market Distortion / 

Market Failure 
3 It takes too long to pay back the cost of the system 4.07 Economic / Financial 

4 Consumers are not aware of incentives for SWH 3.87 Social / Behavioral / 
Cultural 

5 Consumers are not familiar with SWH 3.83 Social / Behavioral / 
Cultural 

6 Lack of stability in incentive policies 3.69 Policy 
7 Incentives for SWH are not large enough 3.64 Economic / Financial 
7 Competing technologies (such as Solar Photovoltaic) receive 

greater share of incentives 3.64 Policy 

9 Favor (such as larger subsidies) given to other RETs 3.63 Market Distortion / 
Market Failure 

10 Lack of policies to promote awareness or disseminate info 3.61 Policy 
11 Consumers unable to take advantage of tax credit due to low tax 

liability 3.48 Policy 
12 SWH installation and maintenance is too complicated/expensive 3.47 Technical 

13 Lack of institutions to disseminate info / raise awareness about 
SWH 3.26 Institutional / 

Regulatory 
14 There is a lack of competitive financing options (interest and term 

length) 3.24 Economic / Financial 

15 Consumers prefer RETs that produce electricity over thermal 
(heat) energy 3.11 Social / Behavioral / 

Cultural 

16 Lack of involvement by key stakeholders when making decisions 3.08 Institutional / 
Regulatory 

17 Physical space limitations on potential sites 3.05 Technical 
18 Incentive policies targeted at residential sector 2.98 Policy 

19 Regulatory framework too constricting 2.88 Institutional / 
Regulatory 

20 Lack of competition in the market for SWH products 2.71 Market Distortion / 
Market Failure 

21 Existing products are unreliable 2.52 Technical 

22 Consumers prefer conventional water heating systems  
(such as electricity or natural gas) 2.51 Social / Behavioral / 

Cultural 

23 Too much competition in the market for SWH products 1.97 Market Distortion / 
Market Failure 

 
 
 From Table 2 we can clearly see that the most important barriers to SWH adoption in the 

state pertain to economic factors such as overall cost, payback period, and size of incentives, and 
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cultural factors such as lack of information about SWH in general and its respective incentives. 

A couple of interesting trends can be gleaned by looking at responses based upon the groups with 

which the participant identified. Utility employees generally responded that SWH adoption 

would have positive economic and environmental benefits, but disagreed with the statement 

saying SWH was not cost effective compared to RETs, but they did generally think that there 

should be more utility involvement with promoting SWH through utility programs. Additionally, 

they identified challenges in measuring the economic impact of SWHs. 

 The only other group for which valuable information can be found based upon group 

identity comes from SWH industry members, simply because the other groups are not large 

enough to provide meaningful results. Individual barriers that are noticeably ranked higher by 

industry members are: “Consumers prefer RETs that produce electricity over thermal (heat) 

energy,” 3.92 compared to 3.11; “Incentives for SWH are not large enough,” 3.96 compared to 

3.64; “Regulatory framework too constricting,” 3.25 compared to 2.88; “Favor (such as larger 

subsidies) given to other RETs,” 4.13 compared to 3.63; “Conventional energy sources that do 

not account for external costs are cheaper,” 4.39 compared to 4.21, making it the highest ranked 

barrier according to industry members, although overall cost still remained very high. The higher 

rankings for these barriers are not surprising coming from SWH Industry members because these 

factors might be more prominent in their daily positions serving as suppliers and contractors of 

this technology. These individuals have to deal with incentives and the regulatory framework 

much more frequently than other potential SWH stakeholders might have to.  
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6.3 Qualitative Results 

 One other interesting note from SWH industry members is that they offered a great deal 

more information in the form of qualitative responses as compared to other participants. Utility 

employees offer 2 qualitative comments; Non-Profit/NGO/Private employees offered 2 

qualitative comments; Public employees offered 0 qualitative comments; “Other” participants 

offered 4 qualitative comments; and SWH Industry members offer 14 separate qualitative 

comments, with several in paragraph form containing multiple comments. These qualitative 

results will be discussed in detail in the following section. 

 Qualitative responses identifying major barriers ranged from input as brief as “The 

Republican Party” to responses that were several paragraphs long identifying various thematic 

barriers and specific problems, while offering recommendations to improve the problem of low 

SWH adoption levels. The qualitative responses served to be very useful to reinforce the general 

trends of information from the quantitative results. Because of the low response totals, this 

additional qualitative information proved very valuable and provided additional context to help 

identify the most important themes in SWH adoption barriers.  

 Qualitative responses were compiled regardless of group identity and coded to represent 

the individual barrier addressed in the comment. The initial round of coding of qualitative 

responses yielded ten common barrier categories, some more specific than others, and some 

clearly more significant. Table 4 presents this initial coding scheme, with an example of each 

barrier, and their respective tallies through the qualitative comments. 
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Table 4: Barrier Codes, Examples, and Occurrences 
Barrier Code Example Occurrence 

Aesthetics Consumers dislike the look of a SWH system on their roof 3 
Perception Consumers have a negative view of SWH because of an 

unsuccessful history 3 

Convenience Consumers will go with whatever is most available, or already 
installed in their home/property 5 

Competition Competing energy sources are cheaper (electricity/natural gas) 5 
Preferences Consumers would rather spend discretionary income on other things 8 

Market Limitations The SWH market is small so consumers have fewer options 9 
Technical Limitations SWH is not as efficient in wetter climates, or if property does not 

have appropriate solar fraction 17 

Lack of Information Consumers have limited information regarding the technology and 
available incentives 17 

Cost The initial cost is too high and the payback period is too long 17 
Ineffective Policy See secondary coding 44 

 
 

 In going through the various qualitative responses, one thing was clear in that many of 

these individual barriers and barrier categories are very interconnected. Obviously the largest 

category identified was “ineffective policies.” These responses were also varied and addressed a 

variety of issues so secondary coding was employed to get deeper into the largest issues. These 

issues help illustrate some of the complexities of the problem and illuminate the story behind 

them, so they will be described in greater detail. 

 

       Table 5: Secondary Coding, Ineffective Policy 
 

Barrier Occurrence 
Information 1 

Measurement 5 
Bias 7 

Financing and Incentives 8 
Instability 10 
Regulation 13 

 
 
 Many respondents identified the lack of information regarding SWH and its relative 

incentives as a major barrier, but one individual went further to identify that as being a policy 



 61 

problem, and argued that there should be policies put in place to not only promote a greater 

understanding of SWH and its potential, but incentive programs should be better advertised to 

the appropriate populations where SWH has the greatest potential. These populations are larger 

households (typically larger families) and commercial properties that typically use more hot 

water (laundromats, hotels, restaurants). Additionally, it was noted that there is a cultural 

perception of SWH such that it is not typically viewed as a RET, but rather as a conservation 

device. Information campaigns to better educate individuals about the merits of renewable 

energy, not just renewable electricity would be valuable because thermal (heat) energy can be 

used in very successful applications and is often a more efficient use of energy compared to 

electricity. 

 One of the inherent challenges of SWH and thermal RETs is the difficulty of 

measurement of the energy produced. Energy produced can be measured either in terms of 

conventional energy offset by its usage or by direct heat measurement at the site of the 

application. If SWH were to have some way to measure the energy produced in therms or BTUs 

through a Feed-In Tariff (FIT) or some other production-based incentives, it would go very far to 

promote adoption, but this would require significant buy-in from the utilities. 

 SWH is a technology that experiences bias in incentive structures that favor other 

resources or options. This is clearly evident in two places, first with conventional fossil fuels, 

which do not account for externalized costs, with the results being that SWHs are not cost-

competitive. This is a common problem for all RETs in the United States, and is backed up by 

the quantitative results with it being the second-highest-ranked barrier. The existing national 

infrastructure and culture that has built our industrial society on these fossil fuels points to the 

fact that this barrier will not be resolved without solutions from the highest of the federal 
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government, and in the current political climate, it is not likely to be resolved soon. The second 

evidence of bias is unique to SWH and appears in Oregon legislation itself, and it feeds the 

cultural misinformation regarding SWH. The bias is towards competing RETs, particularly Solar 

Photovoltaic applications, which receive a much larger incentive. 

 
Technology	   Federal	  Incentive	   State	  Incentive	  

Photovoltaics	  (PVs)	   30%	  of	  Capital	   Up	  to	  $6,000	  

Solar	  Water	  Heating	  (SWH)	   30%	  of	  Capital	   Up	  to	  $1,500	  

 

This is rationalized in the legislation by defining SWH as a conservation device and not as a 

RET. Revising this definition to recognize SWH as a technological application that produces 

usable energy (heat) from a renewable resource (the sun) would level the playing field between 

SWH and competing RETs. Federal incentive structures recognize SWH as a renewable energy 

technology and state incentives should as well. 

 There is a need to help the consumer avoid the initial cost of a SWH system through a 

revision of the financing and incentive options. The current structure of mostly tax credits was 

identified as a barrier because the majority of potential consumers are not necessarily enticed by 

them. The issue of discretionary income was raised and tax credits can only be claimed after the 

initial purchase and installation, and are not worth as much to individuals with a low tax liability. 

Several responses identified creative financing options as a recommendation, either through 

subsidized loans through the state, participating financial institutions, or by partnering with third 

parties (potentially utilities) to lease systems directly to customers. Payments could be 

incorporated into utility bills, resulting in an eased financial burden to the consumer. Additional 

response recommendations include tying the loan directly to the property deed and not to the 
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original purchaser, to the end of resolving difficulties of carrying a loan after leaving the 

property and equipment. Ultimately consumers find it difficult to cover the up-front cost and 

need policy solutions to directly address that issue. 

 One of the most commonly occurring qualitative comments referred to policy instability, 

and is supported by being the sixth-most-important barrier from the quantitative results. There is 

a need for stability in incentive policy regarding SWH. The tumultuous example of SWH over 

the past 35 years is a good example of this instability. Even under current policies, there is no 

guarantee of longevity and the commercial sector has taken the brunt of this problem most 

recently with the sunset of the BETC in 2012. Instability affects two major areas, the first being 

the obvious difficulty for consumers to take advantage of incentives if they view them as so 

variable. Secondly, industry members and potential industry members are less inclined to remain 

or participate in the market if they view it as unstable. Incentive programs need to not only be 

effective, but need to guarantee long-term program duration as well. This sends a signal to the 

industry that helps instill confidence in the consumers and (potential) providers who may be 

otherwise reticent to jump into the industry. 

 Finally, issues of regulation came up the most often in the qualitative responses. Current 

SWH regulations stipulate that all systems must meet minimum quality requirements if they are 

to be eligible for state or ETO incentives. These requirements state that a SWH system must 

meet the appropriate certification standards from the Solar Rating and Certification Corporation 

(SRCC). These regulations maintain a high level of quality in systems to ensure longevity and 

reliability, both of which proved to be challenges to the industry during the 1980s when there 

was significant decline. However, high-quality systems inevitably lead to higher cost. Under the 

current incentive structure, consumers are less motivated to purchase a SWH system at this 
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higher price point. Suppliers are forced to drive costs down as much as possible to entice 

potential customers, to the point that they are selling their product for little-to-no profit. They 

face the added challenge that as the technology itself is fairly mature, materials and labor costs 

are fairly fixed and unlikely to go down in the future. It is not so much the regulations that serve 

as the specific barrier, because product reliability is something that this industry has shown it 

needs to survive; it is the combination of current incentive structures and current regulatory 

frameworks that result in a product which suppliers find difficult to make a profit on. This 

further discourages market involvement by potential consumers and potential suppliers. 

 The resulting themes from the qualitative results combined with the context of the 

quantitative results help identify the most important barriers for analysis. These barriers are 

intricate and interconnected with one another, but under thorough analysis will illuminate 

appropriate policy courses of action. The most important barriers for the case of SWH in Oregon 

are: Ineffective or inappropriate financing and incentive structures; Lack of information and 

misconceptions regarding SWH; Instability of Policy; and Bias in social preferences and State 

legislation. These four barriers will be analyzed using Ostrom’s Framework for Institutional 

Analysis and Development in the following chapter. 
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7.0 Analysis of Findings 

 

7.1 Institutional Arrangements for the Case of SWH in Oregon 

 To return to the framework of analysis to better understand how the identified barriers fit 

into the context of the institutional arrangements for the case of SWH in Oregon. Using Ostrom’s 

framework for Institutional Analysis and Development (IAD), a number of factors are important. 

Here again is the visual depiction of Ostrom’s framework: 

 
 
For this analysis it is helpful to think of working backward (from right to left) through this 

framework. On the right side we have patterns of interaction that result in specific outcomes, and 
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there are evaluations of both. For our case of SWH in Oregon, we have patterns of interaction 

that typically result in low levels of adoption of this particular technology. Examining the 

historical trends of consumers utilizing tax credits when installing SWH in their homes shows 

this low adoption, as do the results from survey participants describing the many reasons 

potential consumers choose not to install SWH systems. For the sake of the framework, the 

patterns of interaction for our case are that potential consumers are choosing not to install SWHs 

and the outcome is a statewide low level of adoption. 

 Moving backward we must consider the Action Arena, which is made up of actors and 

their corresponding action situations. The actors involved are not just consumers and potential 

consumers, but the variety of individuals and entities that make up parties who have a stake in 

SWH. This study tried to encompass the supply-side of this spectrum by surveying utility 

employees, public employees, SWH and RET promoters, and perhaps most importantly the 

SWH industry members (suppliers, manufacturers, contractors, etc.). In this Action Arena, all of 

these individuals interact in action situations by selling, promoting, designing policy, enforcing 

regulations, buying, or choosing not to buy SWH systems. It is these actors interacting in action 

situations that result in the patterns of interaction where low adoption of SWH results. 

 Finally, the Action Arena itself is structured by institutional arrangements made up of the 

physical/material conditions, attributes of the community, and the rules-in-use. A great deal of 

the institutional landscape was already laid out in section 3.3, however the results of the online 

questionnaire, particularly the results from the qualitative narrative, illuminated more context to 

the arrangements that structure the SWH Action Arena. 

 Specific physical/material conditions of note include the climate of Oregon and the 

resulting technical efficiency of SWH systems. Oregon has a wetter and milder climate and it’s 
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true that a SWH system could be “better suited” in Arizona or southern California, but this does 

not eliminate the potential in Oregon. However, as one respondent noted, Oregon’s climate is 

varied in a way that almost correlates with income distribution. Typically higher income 

residents in the state are concentrated in the urban population centers, which are usually wetter 

and milder in comparison to the rest of the state. In contrast, drier, sunnier rural areas have a 

much lower population density and lower average income levels. As the respondent put it, 

potential consumers who can afford SWH don’t want it because they think it won’t work in their 

climate, and potential consumers who think they might benefit more from the technology simply 

can’t afford it. Other material conditions have to do with the systems available for purchase, of 

which there are many, however choices are limited by the rule-in-use, and will be discussed in a 

moment. 

 Attributes of the community that were further illuminated by the survey results most 

prominently center on the awareness levels and preferences of potential consumers. Ostrom uses 

the term “culture” for this aspect of the institutional arrangements that structure the Action 

Arena. Issues such as consumers preferring not to install a SWH because of their dislike for its 

aesthetics fall under this category. Preferences also come into play with consumers preferring to 

either stick with a conventional water heating option (or competing efficient water-heater), or 

deciding to adopt a different RET, as was often stated is the case with solar PV, with consumers 

having a preference for electricity-producing technologies. Additionally, the lack of information 

held by potential consumers in the community has a significant impact on adoption. According 

to the survey results, potential consumers are very likely unaware of the costs and benefits of 

SWH specifically as well as relating incentives for it. 
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 However, despite the importance of these aspects of the institutional arrangements, 

perhaps the most influential on the Action Arena are the rules-in-use. These rules are largely 

made up of the incentive structures in place to promote SWH adoption and the regulatory 

framework to oversee the quality of systems installed. It remains a free market, where consumers 

can choose to install a system of their preference on their own property, and systems can range 

from $1,000 do-it-yourself kits to $10,000 and up professionally installed systems. However, 

regulations factor in when consumers decide they want to take advantage of state and ETO 

incentives (perhaps others if their local utility employs a SWH program). The relationship 

between the regulatory framework and the incentive structure compels consumers to purchase 

higher-quality equipment, thereby raising the price of materials and the cost of (approved) 

required contracted labor. The regulatory framework in itself is a solution to a policy problem 

faced by the industry in the 1980s, when low-quality equipment damaged its reputation. Higher-

quality equipment demonstrates a stability of the product and the industry overall. 

 The challenge comes from the incentive structures that pair with the regulations. 

According to the survey results, and as is evident in the current outcomes, incentives do not do a 

good enough job of enticing potential consumers to purchase a SWH system. Current incentives, 

largely in the form of tax credits from the state and rebates from the ETO do not lower the price 

point of a SWH system enough. The immediate effect that this has on the industry is that SWH 

suppliers are forced to bring prices down as much as they possibly can in an attempt to entice the 

consumer, to the point that SWH becomes an industry that is not very profitable. This makes it 

less likely for new suppliers to join the market and create more competition. Additionally, SWH 

systems have largely fixed costs in terms of labor and materials costs, so the sale price can only 

go so low. For this industry to succeed, the net cost of a SWH system to a consumer must come 
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down. The additional challenge presented by the current structure of incentives is that they 

necessitate the consumer to front the cost of the system at installation. Tax credits are claimed 

the following year, and rebates are issued after inspection once the installation is completed. This 

means that consumers are required to have enough disposable income to cover the cost of the 

system from the beginning, a problem that the survey results highlighted. These rules in use 

highlighted some of the direct challenges faced by the industry. 

 However, delving deeper into the rules-in-use can help explain the reason incentives are 

structured the way they are. This addresses one of the major issues highlighted in the survey 

results, with bias existing in the state legislation. This bias is in the definitions of Alternative 

Energy Devices in the Oregon Revised Statute (ORS). This separates SWH from other renewable 

energy technologies, most notable solar PV, and classifies it as a conservation technology 

instead. Comparatively, this allows for much higher incentives for electricity-producing 

technologies, such as solar PV, which can be up to four times larger than incentives for SWH. 

This sends a signal to consumers that solar PV is a more worthwhile investment because they 

have the opportunity to save more money, and their notions that electricity is more valuable than 

heat are also reinforced. All of these aspects have helped to explain the institutional 

arrangements, so we will now turn specifically to the most important barriers in this context. 

 

7.2 Barriers and Institutional Arrangements – Multiple Levels of Analysis 

 The most important barriers as identified from the survey results are: Ineffective 

combination of existing incentives and regulations; Instability of policy; Lack of information and 

misconceptions about SWH by potential consumers; and Bias in state legislation. It has already 

been discussed in some detail how these barriers interact with each other and impact the 
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institutional arrangements of the SWH Action Arena. The ultimate goal of this research is to 

identify potential changes in the institutional arrangements to alter the patterns of interaction to 

result in the outcome of a higher level of SWH adoption in the state. According to Ostrom, there 

are important considerations to keep in mind when addressing issues of institutional change: 

Whenever one addresses questions about institutional change, as contrasted to action within 
institutional constraints, it is necessary to recognize the following: 
1. Changes in the rules used to order action at one level occur within a currently “fixed” set of 

rules at a deeper level. 
2. Changes in deeper-level rules usually are more difficult and more costly to accomplish; thus, 

there is an increased stability in the mutual expectations of individuals interacting according 
to a set of rules. 

(Ostrom 2007) 

In delving into issues of institutional change, the policy analyst can “apply the working parts of 

microinstitutional analysis at three related but distinct levels of analysis. One is the operational 

level, which explains the worlds of action. The second is the collective choice level, which 

explains the world of authoritative decision-making. The third is the constitutional level, which 

explains the design of collective choice mechanisms” (Kiser and Ostrom 1982). The analyst is 

able to look at the problem in question in a number of different ways, by using these different 

tiers of analysis. The problem could exist at the operational tier where the actions of individuals 

are in direct response to the incentives (or disincentives) they face to generate outcomes that 

have a direct impact on the real world. The problem could also be at a policy level, in the 

collective-choice tier. Here, decisionmakers have to make policy decisions within the constraints 

of a set of collective-choice rules. These decisions in turn affect the structure of action arenas 

where individual actors are making operational choices. Or the problem could be at the 

constitutional tier where decisions are made about who is eligible to even participate in the 

policymaking process. 

 By utilizing these levels of analysis to examine the important barriers identified for the 

case of SWH adoption in Oregon, it is clear that different aspects of the barriers crop up in 
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different levels of the problem. Based upon the previous analysis, the problem at the operational 

tier is fairly clear in that the current structure of incentives and regulations result in a price point 

where potential consumers choose not to adopt SWH. Additionally, potential consumers are not 

necessarily motivated by incentives in the form of tax credits and rebates, and they may not even 

be appropriate for all potential consumers, such as larger commercial users. The lack of 

information held by potential consumers is significant if they are simply uninformed about a 

product or its incentives. 

 The problem at the collective-choice tier has a great deal to do with the policy-related 

institutional arrangements. Policy instability is a major problem because variability in incentives 

makes it difficult for consumers to take advantage of the incentives, and it sends a signal of 

uncertainty to the industry, both on the supply and the demand side. There would be more 

confidence in an industry that kept effective incentive programs in place for a long duration. 

Additionally, the issue of bias in legislation, which has already been discussed at great length, 

depicts why incentives are structured the way they are. According to legislation, conservation 

technologies do not require as much incentive as renewable energy technologies. This is further 

reinforced by the state RPS as only addressing electricity that is produced by renewable 

resources, and not allowing for the incentivized quantification of thermal energy produced in the 

state. The real policy gap exists in the fact that a thermal renewable like SWH system are 

renewable energy technologies, which is why SWHs require quality-assurance regulations and 

result in a higher price point. As such, a policy problem exists when it is not incentivized as a 

renewable energy technology. Bias in state legislation and corresponding incentive policy also 

impacts the perception of potential consumers and the information they receive. 
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 The problem at the constitutional tier could possibly include the fact that not all the 

necessary stakeholders (primarily SWH industry members) are involved in the policymaking 

process, however this is in essence partially addressed in this study by surveying their opinions. 

The nature of our legislative system does not easily lend itself to include every possible party in 

the policymaking process. 

 The use of the IAD framework has allowed us to analyze the case of SWH in Oregon and 

go in depth to the multiple levels of the problem of low adoption in the state. We have not only 

examined the various aspects of the framework and the institutional arrangements, but we have 

looked at how the most important barriers contribute to the various levels of the problem at the 

operational and collective-choice (policy) tiers. Recommendations to alter the institutional 

arrangements follow easily from the analysis of these barriers and will be presented in the 

concluding remarks of this study. 
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8.0 Conclusions and Considerations 

 

8.1 Summary of Research 

 This research study has conducted an investigation into the barriers faced by solar water 

heating within the state of Oregon. The study was concerned with the most important context-

specific barriers that exist and negatively impact the level of adoption of SWH. Important 

barriers were identified using J.P. Painuly’s framework for barrier identification. Using this 

framework, barriers were established through analyzing the literature and ranked by level of 

importance through a stakeholder engagement process. Stakeholders that were engaged were 

limited to the supply-side of the Oregon SWH industry and included industry members, utility 

representatives, public employees, SWH and RET promoters and others with stake in the success 

of SWH adoption. Stakeholders were engaged through the use of an online survey, executed and 

analyzed using the survey software Qualtrics. Survey participants were asked questions that 

yielded results that were both quantitative and qualitative in nature. Due to the low number of 

total responses, quantitative results cannot be considered robust, but can indicate general trends 

concerning overall levels of agreement. Qualitative results proved to be very valuable in 
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providing additional barriers that were not initially considered in the design of the survey and 

helped detail the contextual background of the institutional arrangements specific to SWH. 

 

8.2 Findings 

 Survey results were analyzed to identify the major barrier themes specific to SWH in 

Oregon. These major barriers are Ineffective combination of existing incentives and regulations; 

Instability of policy; Lack of information and misconceptions about SWH by potential 

consumers; and Bias in state legislation. These primary barriers served to supplement the 

analysis of the policy problem of low adoption while using Elinor Ostrom’s framework for 

Institutional Analysis and Development. Using the IAD framework, analysis highlighted how the 

primary barriers significantly impact the institutional arrangements that structure the action arena 

of the Oregon SWH industry. Potential consumers are bound by the institutional arrangements 

that structure their available action situations, and when the primary barriers play such a 

significant role, the outcome of low adoption levels is likely. 

 One additional note that did not come out of the survey results, but is nonetheless deemed 

valuable in context of current Oregon institutions and the literature is the issue of workforce 

development. This came up in the preliminary informal conversations and provides another piece 

to the puzzle regarding the SWH industry in Oregon. As previously discussed, the SWH industry 

in Oregon is relatively small, and one of the barriers raised in the informal conversations 

identified that this results in a limited selection of qualified contractors to install systems. The 

installation challenges lie not in the technical aspects of the solar paneling or the roof mounting 

process. The challenges lie in the plumbing requirements to connect the roof paneling system to 

the water-heating unit, piping that can sometimes extend several stories. Complexity will vary 
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site by site, however the consensus among industry members (according to the informal 

conversations) is that it is simpler to learn how to install paneling technology than it is to learn 

how to plumb piping well. The implicit result is that the plumbers best qualified to install SWH 

systems in the state are occupied with their traditional plumbing business. 

 

8.3 Limitations 

 The goal of this research was to highlight any policy gaps that have an impact on the 

adoption of SWH within the state of Oregon. Recommendations are meant to inform appropriate 

and effective policy design to help promote SWH adoption, but are not necessarily 

comprehensive. This research study was limited in several ways, and while important results can 

still be reported, there is great potential for additional research in this field. 

(1) Limited Target Population: Due to time and resource constraints, this study was only 

targeted at supply-side stakeholders. This was done in an attempt to secure the most 

informed opinions possible in the time available, however this results in a lack of data 

pertaining to the consumer-side stakeholders. Results regarding consumer preferences 

and consumer awareness about SWH were all determined based upon the responses 

of the supply-side stakeholders. Additional research targeted at current consumers 

and potential consumers of SWH would perhaps yield different results regarding 

SWH adoption barriers. 

(2) Limited Response Total: An inherent challenge of this study, and something that is 

directly related to the problem of low adoption, is that the industry itself is not very 

large. The selection of studying supply-side stakeholders drastically cut down the 

number of potential respondents in the target population. The additional challenge of 
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identifying every potential supply-side stakeholder to target for survey participation 

also proved difficult and is likely incomplete, although the best effort was put forth. 

The result of all this is that there was a low response total, which made it impossible 

to claim significance on quantitative results. 

(3) Qualitative results are more valuable: The lack of significance of quantitative results 

was contrasted by valuable qualitative results. The limitation here is that the design of 

the research methodology did not lend itself to qualitative responses as easily as other 

methodologies might have. Due to the low total size of the potential target population, 

it’s possible that another research approach would have been more effective at 

yielding more robust results overall. A revision of this research study would likely 

target the best-informed industry members (perhaps a few from each category) and 

conduct recorded qualitative interviews. Quantitative questions would be eliminated 

from this approach as the important barriers were identified from qualitative 

responses. 

 

8.4 Recommendations 

 Recommendations from this research study stem directly from the analysis of the 

institutional arrangements resulting in the problem of low SWH adoption. Policy measures that 

specifically address the important barriers identified in this study would be most effective in 

increasing the overall adoption of SWH in the state of Oregon. 

(1) Maintain current regulation standards: Through analysis of the survey results, there was 

some evidence that the SWH market was restricted by regulations to install higher quality 

equipment. However by examining the history and similar SWH promotion policies as 
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part of various state RPS policies, regulations are commonplace and necessary. Oregon 

has demonstrated that the industry needs systems regulations to prevent collapse, and so 

the SRCC requirements should be kept. 

(2) Revise the Alternative Energy Devices Definitions: SWH is currently recognized as a 

Category I AED, which puts it on the same level as other efficiency measures. SWH is a 

technology that produces usable energy in the form of heat from a renewable resource. 

This fits the definition of a renewable energy technology and should be classified as such. 

Federal incentives recognize SWHs as being on a level field compared to photovoltaics 

(PVs), however state incentives do not, and incentivize PVs four times more than SWHs. 

Changing the state-level classification would put SWHs on a more level playing field and 

would help increase their adoption. 

(3) Creative financing mechanisms: Incentive structures should be amended to offer an 

interest-based subsidy instead of a capital subsidy. The current structure of tax credits 

forces consumers to have the disposable income in advance of purchase, which 

significantly limits the potential consumer base. Financing mechanisms that offer 

potential consumers loans at subsidized interest rates would increase the potential 

consumer base who have low disposable income. Creative financing schemes could allow 

for additional participation through third-party entities such as the state itself, financial 

institutions, or utilities. These entities could lease SWH systems directly to consumers, 

and utilities could build the loan payment directly into the monthly bill. This would 

incentivize consumers to participate as well as other larger and more influential entities. 

(4) Workforce Development Programs: Policies should be put in place to help train current 

plumbers to install SWH systems. These training programs should focus on technical 
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aspects of installing SWH units, how to navigate regulatory and incentive processes, and 

how to successful promote their product, including how to engage in education and 

awareness strategies. These programs would stimulate industry growth by developing the 

supply-side to encourage competition in the marketplace. 

(5) Amend the Oregon RPS: Oregon’s Renewable Portfolio Standards do not currently 

provide credits for thermal devices or other efficiency measures. There are 15 governing 

entities in the United States (states, territories and the District of Columbia) that do 

recognize thermal applications such as SWHs. Oregon should become one of these states. 

Amending the RPS to allow for RECs to be awarded for thermal and efficiency 

applications would create incentives for utilities to invest in RETs other than those that 

produce electricity. This would stimulate a variety of markets for thermal and efficiency 

applications, SWH included. This measure would go hand-in-hand with third-party 

leasing schemes through utilities, and could easily help increase adoption. 

(6) Maintain stability of incentives structures: Ensure any policy revisions are specified as 

long-term solutions. Stability will convey confidence to consumers and suppliers alike, 

and will encourage participation on both ends. 

(7) Promote policies clearly and publicly: Engage the public effectively to clearly convey the 

reasons for policy revisions and the details of policy going forward. Awareness of the 

merits of technology, incentives for that technology, and general education of the public 

will help to continue Oregon’s move to be a green state.  

If these recommendations are taken into account when designing future energy policy in Oregon, 

SWH will experience a significant increase in adoption. 
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9.0 Appendices 
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Appendix 1: Stakeholder Mapping Strategy 

 

 Stakeholder mapping is a process for determining which actors to include in a 

stakeholder engagement process. The mapping process can be broken down into four phases: 

(1) Identifying: listing relevant groups, organizations, and people; (2) Analyzing: understanding 

stakeholder perspectives and interests; (3) Mapping: visualizing relationships to objective and 

other stakeholders; (4) Prioritizing: ranking stakeholder relevance and identifying issues. The 

stakeholder mapping process is outlined below for Oregon SWH stakeholder groups. 

 

Step (1) – Identifying: Brainstorm a list of stakeholders without screening, including everyone 

who has an interest in your objectives today and who may have one tomorrow. 

SWH Brainstorm: 

• Consumers: Current SWH users, non-users (potential customers) 

• SWH equipment manufacturers 

• SWH contractors 

• Potential contractors (regular plumbers) 

• NGO / Non-Profit organizations 

• Private RET companies 

• Policymakers, public employees (state, local levels) 

• Utility employees 
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Step (2) – Analyzing: Conduct further analysis to understand the relationships between 

stakeholders and the issues. Criteria for analysis: Contribution (value); legitimacy; willingness to 

engage; influence; necessity of involvement. Rank low, medium, high. 

 

Stakeholder	   Contribution	   Legitimacy	   Willingness	  
to	  Engage	   Influence	   Necessity	  of	  

Involvement	  
1.	  Current	  
SWH	  Users	   High	   High	   Medium	   Low	   Medium	  

2.	  Potential	  
SWH	  Users	   Low	   Low	   Low/Med	   Medium	   High	  

3.	  SWH	  Man.	  /	  
Contractors	   High	   High	   High	   Medium	   High	  

4.	  Potential	  
Contractors	   Low	   Medium	   Medium	   Low	   Medium	  

5.	  NGO	  /	  Non-‐
Profits	   High	   High	   High	   Medium	   High	  

6.	  Private	  
Companies	   Medium	   Medium	   Medium	   Medium	   Medium	  

7.	  Public	  
Employees	   High	   High	   High	   High	   High	  

8.	  Utility	  
Employees	   High	   High	   Medium	   High	   High	  

 

 

 

 

Step (3) – Mapping: Mapping is a visual exercise and analysis tool that allows the analyst to see 
where stakeholders stand compared to each other when evaluated by the same key criteria. 
Create a visual map ranking each group according to their expertise and willingness to engage. 
The size of the circle represents the value of each group. 
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Step (4) – Prioritize: Decide which stakeholder groups would be most practical and the best use 

of resources to engage with. 

Groups, 3, 5, 6, 7, and 8 showed higher levels of expertise and willingness to engage. These 

groups were SWH manufacturers and contractors, NGO/Non-profits, Private Companies, Public 

employees, and Utility employees. The characteristics shared by these groups are that they are 

typically actors that engage in SWH practices from the supply-side. Current and potential 

consumers would be marginally valuable in comparison, as well as less willing and more 

difficult to engage. The biggest problem with them is that they are not as informed about supply-

side stakeholders. As a result, this study focuses on supply-side stakeholder engagement. 

Appendix 2: Online Questionnaire 
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