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Abstract 

This project explores factors that are influencing Arizona residents in their 

decision to install solar photovoltaic power systems at their homes in order to identify 

potential solutions that improve the falling adoption rate in Arizona and other locations. 

More specifically, through home owner surveys I identify their concerns and examine  

which of these concerns have been addressed.  I examine residential solar policies in 

Arizona and other leading solar adoption states in the United States to identify these 

potential solutions. 

In 2017, solar energy accounted for about 1.3% of the United States electrical 

supply, (US Energy Information Administration, 2018).  Residential solar photovoltaic 

(PV) capacity growth fell 15% from 2016 to 2017 and is projected to remain flat in 2018 

(Merchant, 2018).  This plateau occurred despite a 58% reduction in installed residential 

system costs between 2009 and 2016 (NREL, 2017).  After 2021, federal residential tax 

credits expire; utilities are struggling to integrate increasing distributed solar energy into 

their grids and utilities are less willing to pay for excess residential solar energy sent back 

to the grid.   These factors place the ability of residential solar to further replace 

nonrenewable energy sources at risk. 

The payback period is a primary factor in solar installation decisions (Miller, 

2013).  However, there have not been detailed analyses of other factors that deter 

residential PV installation and how effectively these issues have been addressed 

regionally.  I surveyed Arizona homeowners’ concerns and analyzed how actual AZ 
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installation rates correlate to these concerns.  Of the top two concerns, installation rate 

data indicates that the concerns over unforeseen repair costs have been addressed by the 

availability of leased third party owned solar PV systems.   The second issue is that of 

utility companies changing the terms of the rate plan for solar customers in a manner that 

reduces the savings derived over time.  This concern has not been addressed as there is a 

national trend in which utilities are changing rate plans for solar customers to be less 

financially favorable. 

Representatives from many utilities and their advocacy groups state that there are 

significant challenges in integrating increasing amounts of cyclic and difficult to predict 

solar generation into the power grid and that with increasing solar penetration, solar 

customers are not paying their equitable share to maintain the fixed costs of operating a 

power grid that solar customers do rely on regularly.   A major integration challenge 

stated is that the peak solar generation window does not coincide with the peak power 

demand window, causing utilities to curtail production from their power plants more in 

the afternoon, and then more sharply ramp up production each evening, which is more 

and more difficult with increased solar production. 

 The challenges stated by utilities are driving less favorable rate plans and solar 

buyback rates, making solar much less attractive to homeowners and flattening growth.  

Solutions to this challenge include improvements in energy storage solutions to make 

generated solar more valuable to homeowners and the utilities, continued reduction in 
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solar PV prices, and methods for utilities to be able to ramp up and down production 

from traditional plants more effectively. 
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Definition of Terms 

 

Net Metering  “A special billing arrangement that provides credit to customers 

with solar PV systems for the full retail value of the electricity their system generates” 

(Solar Rights, 2017) 

NREL   National Renewable Energy Laboratory 

PPA   Power purchase agreement 

PV   Photovoltaic 

REC   Renewable Energy Credits 

REST   Renewable Energy Standard and Tariff 

RPS Renewable Portfolio Standard is a government regulation intended 

to increase how much of a state’s energy is derived from 

renewable sources. 

TPO   Third party owned solar PV systems are installed on the roof of a  

homeowner, but owned by another party such as a solar system 

manufacturer
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Chapter I 

Introduction 

 

The United States has been striving to reduce reliance on non-renewable 

electricity generation sources since the 1970s.   Wind and solar sources currently 

represent the two greatest opportunities for non-hydroelectric renewable energy sources 

to contribute to this objective.  Solar generation accounted for about 1.3% of the US 

electrical demand in 2017 (US Energy Information Administration, 2018).   

However the most significant federal incentive for residential solar installation, 

the Residential Renewable Energy Tax Credit which has been in place since 2007, is 

scheduled to phase out after 2021..  Many utility companies are changing billing plans 

and net metering rules that pay for customer surplus solar energy to be less favorable to 

the homeowner. Residential solar photovoltaic (PV) installed capacity fell 15% in 2017 

and is projected to remain flat in 2018 (Merchant, 2018)

 Previous surveys show that an acceptable payback period is critical to homeowner 

solar adoption (Miller, 2013).  But there is a poor understanding of how strongly other 

homeowner concerns deter them from installing solar PV systems.  Some states and 

companies have implemented policies or programs to address particular customer 

concerns such as repair costs and utility buy back rates. However, integrated analyses of 

program successes are not available to assist in wide scale implementation. 
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Research Significance & Objectives 

I will analyze Arizona homeowners’ degree of concern with particular aspects of 

residential solar installations and analyze the ability of existing or proposed programs to 

overcome those concerns. Lessons in understanding and addressing apprehension with 

solar implementation may be transferable in the advancement of energy saving or green 

technologies. 

My objectives are to: 

• Survey Arizona homeowners to understand what concerns most impede 

installation of PV systems.  Factors include uncertainties in system maintenance 

and repair costs, confidence in utility buy back rates, home resale values, 

perceived environmental benefits of solar, the need to change energy usage 

patterns to achieve cost savings, and the inability to store excess generated solar 

power. 

• Compare historic Arizona installation rates with factors that impact installation 

rates such as the installer’s assumption of system repair cost risks. 

• Analyze results of selected policies or risk reduction programs that targeted the 

survey’s areas of greatest concern.   Document recommendations to address 

customer concerns and increase residential installations.   

While my new survey and analysis of previous programs and policies are limited to 

Arizona and the U.S. respectively, some conclusions may be valuable for other countries, 
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Background 

 Conditions supporting residential solar installation in the US have generally been 

improving since 2006.  The cost of residential solar systems –independent of incentive 

programs - has decreased steadily since 2009.   U.S. Energy Information Administration 

data shows that the average installed cost per Watt decreased from $7.24 in 2010 to $2.80 

in 2017, a 61% reduction (Regan, 2018).  This cost reduction has been aided by improved 

module efficiency, increased production volume, and improved manufacturing 

techniques. While rooftop installations increased, the rate of increase in 2016 slowed to 

19%, compared to an average increase of 63% annually from 2012 to 2016 (Energy 

Monitor Worldwide, 2017).  Then in 2017 annual residential solar PV installations 

decreased by 15% and flattened in 2018 (Merchant, 2018). 

Solar generation is composed of rooftop solar and larger scale commercial non-

rooftop deployments.  Within rooftop solar, the NREL breaks down rooftop categories 

into small, (< 5000 sq.ft) medium (5000 to 25000 sq.ft) and large (> 25,000 sq.ft) 

(Gagnon, 2016). This scope of this study is limited to small building rooftop systems, 

typically with an output power of 5KW or less.  

 A 2016 NREL assessment concluded that deploying rooftop photovoltaic systems 

on technically feasible small buildings in the continental US can potentially provide 

electrical capacity to meet 25% of the grid’s energy (Table 1) (Gagnon, 2016).  This is 

based on the technical ability to install systems on an estimated achievable percentage of 



 
 
 
 
 

rooftops by county.  There w

degree of distributed generation into the utilities’ distribution systems (Gagnon, 2016). 

 

Table 1. Percent of US electrical power generation possible from rooftop solar sources 
(Gagnon, 2016).  
 

  

Rooftop solar potential varies by state, with California’s potential from all rooftop 

sources being the highest at 74% and Wyoming’s the lowest at 17%, driven by factors 

such as energy consumption, building shading, and mix of industrial ver

buildings (Gagnon, 2016).  There is great opportunity for rooftop solar energy to replace 

energy from non-renewable sources.

 

Public Interest in Residential Solar

 There appears to be great interest in residential solar in the US.  A 2013 s

1001 US residents found that “sixty

somewhat or very interested in purchasing and installing a home solar system” (Market 

Strategies, 2013).  When the participants were informed that a total sys
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rooftops by county.  There will be additional technical challenges in integrating this 

degree of distributed generation into the utilities’ distribution systems (Gagnon, 2016). 

Table 1. Percent of US electrical power generation possible from rooftop solar sources 

Rooftop solar potential varies by state, with California’s potential from all rooftop 

sources being the highest at 74% and Wyoming’s the lowest at 17%, driven by factors 

energy consumption, building shading, and mix of industrial versus residential 

buildings (Gagnon, 2016).  There is great opportunity for rooftop solar energy to replace 

renewable sources. 

Public Interest in Residential Solar 

There appears to be great interest in residential solar in the US.  A 2013 s

1001 US residents found that “sixty-one percent of survey respondents overall are either 

somewhat or very interested in purchasing and installing a home solar system” (Market 

Strategies, 2013).  When the participants were informed that a total system may cost 

ill be additional technical challenges in integrating this 

degree of distributed generation into the utilities’ distribution systems (Gagnon, 2016).  

Table 1. Percent of US electrical power generation possible from rooftop solar sources 

 

Rooftop solar potential varies by state, with California’s potential from all rooftop 

sources being the highest at 74% and Wyoming’s the lowest at 17%, driven by factors 

sus residential 

buildings (Gagnon, 2016).  There is great opportunity for rooftop solar energy to replace 

There appears to be great interest in residential solar in the US.  A 2013 survey of 

one percent of survey respondents overall are either 

somewhat or very interested in purchasing and installing a home solar system” (Market 

tem may cost 
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around $30,000 and provide about 60% of their home electric energy needs, with federal 

credits covering some of the costs, 51% became more interested (Market Strategies, 

2013).  

Another study examined how social, environmental, economic and political 

factors across the United States affected solar PV installation rates.  The study concluded 

“there is currently a lack of literature quantifying factors that influence the distribution of 

residential solar PV arrays at any scale—individual, household, city, state or even 

country” (Kwan, 2012, p. 333). 

A thesis examining residential solar adoption barriers surveyed 800 potential 

customers in the United States and Europe and concluded “consumer sensitivities showed 

those sampled were willing to justify a solar electric system if the market reached their 

desired payback timeline” (Miller, 2013, p. 13).  The US respondents (over 700) were 

surveyed as they attended the 2011 DOE Solar Decathlon, and as such may have a greater 

interest in solar energy than the US population as a whole.   In addition, no demographic 

data was collected (Miller, 2013).  Since this US survey solar technology has improved, 

costs have lowered and systems have operated for longer periods of time.  Of the related 

studies since, none appear to examine closely what an acceptable cost savings for 

customers of different demographics is, given certain levels additional risks such as 

uncertain maintenance costs and excess power buy back rates. 

 Solar City and Clean Edge’s 2015 survey of 1400 homeowners’ attitudes and 

purchasing information around clean energy products such as solar, renewable energy 

and hybrid cars concluded that cost savings are the dominant primary driver of purchases 
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(US Homeowners on Clean Energy, 2017).  There was not quantifiable purchase price or 

acceptable monthly cost savings information in the survey, but cost savings were the 

dominant reason why consumers would purchase a solar system (US Homeowners on 

Clean Energy, 2017).  More generally, when questioned regarding ‘impact investing’ 

(that considers social and environmental benefits in addition to financial benefits) only 

22% replied that they would make the investment if it offered slightly lower returns than 

other investment options (US Homeowners on Clean Energy, 2017). 

 

Uncertainties in Future Benefits 

 Accurately predicting benefits of a solar investment for homeowners can be 

challenging.  Factors discussed in the initial system proposal may change significantly 

over time, affecting the planned payback period.  These factors include system 

maintenance costs, system output power over time, primary utility power rates, utility 

recurring charges for solar system owners, and buy back rates for excess generated 

power. 

Staying with traditional utility-provided grid power presents little risk.  Monthly 

costs may increase, but the risk of a sudden large cost variance is low.    With customer 

owned systems like solar PVs there is a greater risk of incurring system repair costs 

which factors into consumer decisions.   

 Solar PV power output can decrease over time, reducing the benefits and NPV of 

the decision to go solar.  One source of reduced output is the growth of surrounding trees 

over time, reducing the amount of irradiance on the panels.  California’s Solar Shade Act 
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provides a degree of protection by restricting neighboring properties from blocking 

sunlight to solar panels, provided the trees were planted after the solar system is installed 

(Solar Rights: Access to the Sun for Solar Systems, 2017). In 2010, 38 states had laws 

protecting right to the sun to some extent (Solar Powering Your Community: A Guide for 

Local Governments, 2011).   

Repair cost risks can be reduced by means including warranties and leasing 

systems on one’s home. Solar companies such as Solar City have offered leased systems, 

which reduce all or most of the initial homeowner costs. Leased models became widely 

available in 2011.  The percent of residential rooftops installed as leased or third party 

owned (TPO) increased steadily from 47% to 72% from 2011 to 2014.  Since 2014, the 

TPO share has fallen to 53% in 2016 and a projected 47% in 2017 (Mearian, 2017).  In 

Arizona, the large solar installation company Solar City announced that it would install 

TPO leased systems in 2008, and third party owned systems first began significant 

implementation in 2009. 

 Rooftop solar systems –owned or leased - can influence home resale value as well 

–possibly adversely. A 2015 metro Phoenix study tracked 1,348 houses with solar that 

sold between May 1, 2014, and mid-May [2016]. Of those, 751 houses had solar systems 

purchased by the owner and 597 have solar systems that were leased (Randazzo, 2015).  

Per square foot sale prices were compared against similar homes without solar.   Homes 

with purchased solar systems sold for about four to six percent more than comparable 

homes without PV systems.   This percentage was most often less of an increase than the 

cost to install the system.  Homes with long-term leased systems sold for about $3 / 



 
 
 
 
 

square foot less than homes with no solar based on a simple per square foot analysis.  

Some local realtors noted in their experience the prospect of taking on a 

hinders some sales of homes with leased systems.   Solar City 

transfer process is simple and generally anyone qualifying for the home loan also 

qualifies for the lease assumption (Randazzo, 2015). 

 

Impact of Incentive and Regulatory Programs

 The US Solar Investment Tax Credit (ITC

tax credit for installation costs. The tax credit lowered purchase prices directly, and drove 

increased US installations

credit, further driving inc
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square foot less than homes with no solar based on a simple per square foot analysis.  

Some local realtors noted in their experience the prospect of taking on a long

hinders some sales of homes with leased systems.   Solar City advised that the lease 

transfer process is simple and generally anyone qualifying for the home loan also 

qualifies for the lease assumption (Randazzo, 2015).  

Impact of Incentive and Regulatory Programs 

The US Solar Investment Tax Credit (ITC), established in 2006, provides a 30% 

tax credit for installation costs. The tax credit lowered purchase prices directly, and drove 

US installations.  With scale, PV prices decreased within a few years of the tax 

credit, further driving increased installation rates (Figure 1). 

Figure 1. Residential installed capacity versus PV price. (Pyper, 2018) 

square foot less than homes with no solar based on a simple per square foot analysis.  

long-term lease 

advised that the lease 

transfer process is simple and generally anyone qualifying for the home loan also 

in 2006, provides a 30% 

tax credit for installation costs. The tax credit lowered purchase prices directly, and drove 

.  With scale, PV prices decreased within a few years of the tax 
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In 2015, the federal government extended federal tax credits previously set to 

expire in 2016, documenting the gradual phase out plan for residential tax credits, with a 

reduction from the current 30% tax credit rate beginning in 2020 and dropping to zero 

after 2021 (Residential Renewable Energy Tax Credit). 

 

Influence of State Policies on Solar Adoption          

 With federal credits sun setting, state policies become even more influential.  The 

advocacy group Solar Power Rocks researches and rates state solar support based on ten 

such factors (2017 United States solar power rankings, 2017).   One factor is the state’s 

Renewable Portfolio Standard (RPS), which directs what percentage of the state’s power 

generation, needs to come from renewable energy sources by a target date.  Within the 

RPS, the RPS solar carve-out (sometimes referred to as a solar set-aside) is the share of 

the RPS directed to come from solar, if any.  Other factors are state solar sales tax 

exemptions, tax credits, rebates, performance payments, net metering and interconnection 

policies further discussed below.  

 A review of state-by-state incentive policies from 1997 to 2009 found that “the 

impact of cash incentives on PV installations appears quite important to market 

deployment… In the subsequent years following the adoption of a cash incentive, states 

…installed an additional 23% more PV capacity per year, on average, as compared with 

states not offering cash incentives” (Sarzynski et al., 2012, p. 555). 
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Revenue from Excess Solar Generation 

The assumed rate at which the utility will purchase excess power back from the 

homeowner is a major factor in Net Present Value calculation for solar PV systems.  

States control the interconnection of residential solar generation to the grid. “While 

standards and their implementation vary from state to state, some states are fostering the 

growth of solar energy by streamlining the interconnection process. Key principles 

include clearly identifying fees associated with the process, specifying timelines, and 

standardizing and simplifying forms” (Interconnection Standards, 2017). There is 

uncertainty in many markets about how interconnection fees and buy back rates may 

change over the life of the system.  Utilities have been challenging buy back rates, greatly 

impacting homeowner cash flows and payback periods.  For example, in 2016 Arizona 

elected to change net metering regulations to be less attractive to consumers by reducing 

the period in which buyback rates were guaranteed.  The decision also established rooftop 

solar customers as a separate rate class, and eliminates the "netting" or "banking" of solar 

power credits to offset usage in later months” (Pyper, 2016). 

A challenge in establishing favorable buyback rates for excess solar generation is 

that in most instances the daily time of peak solar power generation does not coincide 

with the time of peak market power demands.   Given a utility’s mix of power sources 

and their ability or inability to readily adjust power output from non-solar sources, the 

fluctuating excess output from solar systems may not aid the utility in grid management 

and may actually be a detriment and burden to manage.  In California, for example (Penn, 

2017), 
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When there isn’t demand for all the power the state is producing, CAISO needs to 
quickly sell the excess to avoid overloading the electricity grid, which can cause 
blackouts... Oversupply causes prices to fall, even below zero. That’s because 
Arizona [where excess power is sent] has to curtail its own sources of electricity 
to take California’s power when it doesn’t really need it, which can cost money.  
 

In these instances, the excess power produced by CA solar systems is worth very little or 

is even a burden.  Utilities may feel pressure to pay residential solar owners less and less 

for their excess solar power production.  Utilities normally charge a neighboring utility 

when sending them power.  However, in these excess solar periods, CA has been paying 

other states to take its excess power more often. In the first two months of 2017, this 

negative pricing “happened in an average of 18% of all sales, versus about 2.5% in the 

same period in 2014” (Penn, 2017).    

The buyback rate uncertainty has led some potential customers to seek an energy 

storage system that can store excess solar energy on-site, to be used at night when there is 

no solar generation.   This battery system would also provide constant backup power.   

Manufacturers have begun addressing this consumer desire. If utilities had means to store 

excess solar energy that also may increase its value. 

The combination of state policy factors such as favorable interconnection and net 

metering policies and state financial incentive programs interact with non-state factors 

such as federal incentives and changing solar PV prices to drive changes in solar 

installation rates.  The NREL (Steward, 2014) examined both the level of statewide 

policy support and other inherent state factors such as viable per capita rooftop space for 

solar, median income, cost of grid energy and environmental awareness.   Among the 

study’s conclusions was that, “while policy drives solar market development, the context 



 
 
 
 
 

of the state in which the policy is in place, in addition to the quality and type of policy in 

place, contribute to policy effectiveness in the development of markets” (Steward, 2014, 

p. 24).   In identifying a state’s context as an important factor, the study categorized 

states’ contexts as expected leaders, rooftop rich, or motivated buyers.  States not cleanly 

fitting these contexts were categorized as ‘mixed.’  Identifying these contexts relied on 

examining the population’s general interest in energy conservation and renewable energy 

based on American Council for an Energy Efficient Economy (ACEEE) Energy 

Efficiency Scorecard scores, the technical potential of solar power generation in those 

states, and the relative cost of grid power.  The combination of these factors led to the 

contextual classification of states (Table 2).

 

Table 2. Contextual classification criteria of US states (Steward, 2017).

  

The NREL study concludes that 1) state solar policies measurably affect 

installation rates, 2) low available grid electric costs can weaken relationships between 

policy changes and installation rates 3) solar carve
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increased installed capacity in all types of market contexts and 4) implementing a 

combination of solar best practice policies collectively drives increased installed 

(Steward, 2014). Case studies in the different market contexts illustrate these 

The study includes all solar (including larger commercial systems) but most conclusions 

hold for smaller residential systems. For example, in Maryland 

– RPS and REC policies were implemented in 2004, with a solar car

net-metering rules, and interconnection regulations following in 2007 and 2008 (Figure 

2).  The state had implemented right to sun laws to help ensure system efficiencies.  Then 

in 2009, the state passed regulations friendly to Third Party

combination of policies contributed to a sharp increase in installed solar capacity.
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increased installed capacity in all types of market contexts and 4) implementing a 

combination of solar best practice policies collectively drives increased installed 

Steward, 2014). Case studies in the different market contexts illustrate these 

The study includes all solar (including larger commercial systems) but most conclusions 

hold for smaller residential systems. For example, in Maryland – an expected leader state 

RPS and REC policies were implemented in 2004, with a solar carve-out, improved 

metering rules, and interconnection regulations following in 2007 and 2008 (Figure 

2).  The state had implemented right to sun laws to help ensure system efficiencies.  Then 

in 2009, the state passed regulations friendly to Third Party Ownership (TPO).   This 

combination of policies contributed to a sharp increase in installed solar capacity.

increased installed capacity in all types of market contexts and 4) implementing a 

combination of solar best practice policies collectively drives increased installed capacity 

Steward, 2014). Case studies in the different market contexts illustrate these conclusions. 

The study includes all solar (including larger commercial systems) but most conclusions 

an expected leader state 

out, improved 

metering rules, and interconnection regulations following in 2007 and 2008 (Figure 

2).  The state had implemented right to sun laws to help ensure system efficiencies.  Then 

Ownership (TPO).   This 

combination of policies contributed to a sharp increase in installed solar capacity. 
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Figure 2. Annual installed PV capacity in Maryland.  Installations increase with 
supportive policies(Steward, 2014). 
 

 In summary, of the many solar installation considerations, background research 

suggests that after the assumed payback period or cost savings, significant consumer 

concerns are the uncertainties in achieving the suggested payback period.   Specifically, 

uncertainty in the buyback rate of excess solar generation is difficult to predict as are 

potentially substantial maintenance and repair costs.  The importance of these factors to 

the consumer is inferred. There is opportunity in my research to more precisely confirm 

through direct homeowner surveys if these uncertainties are indeed primary barriers to 

greater residential solar installations, and how these concerns can be overcome.   

 The background research identifies a great deal of opportunity for solar to 

displace traditional energy sources and a number of factors that may contributing to the 

slowing of residential PV growth.  I aim to assess to what extent these factors influence 

Arizona homeowner’s consideration of solar PV adoption. 

 

Research Questions, Hypotheses, and Specific Aims 

 I intend to address two related questions regarding residential solar installations:  

1) What factors beyond payback period most influence homeowners’ decisions to have 

solar PV systems installed on their rooftops? 

2) Which concerns have most effectively been addressed by regional policies or 

programs? 

In answering these, I will assess the following hypotheses: 
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● The top surveyed obstacles to adoption will be that additional un-forecasted 

maintenance and repair costs will not be covered by a full warranty, and the 

uncertainty in how utility plans for customers with solar PV systems may change 

within 20 years.  

● The concern that states or solar services companies have had the greatest success 

overcoming are concerns of unforecasted repair costs, and the least success with 

are the predictability of the future utility rate plans for solar PV customers. 

To test my hypotheses, I will pursue the following aims: 

1. Create a survey to understand what concerns AZ homeowners have with installing 

solar PV systems, and distribute the survey. 

2. From the survey results identify what the top two concerns with installing solar 

PV systems at their homes are. 

3. Demonstrate how programs that affect the top two concerns actually drive 

changes in installation rates.    
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Chapter II  

Methods 

 

I sought to understand what factors impacted the inclination of AZ residents to 

install solar photovoltaic systems on their homes.  I created a survey to address this 

question, analyzed the results and then aggregated historical Arizona installation rates 

and assessed how related solar policies influenced installation rates.  

 

Survey of AZ Homeowners 

 To create the homeowner survey, I researched related information about what 

factors may drive residential installations.  Previously discussed research indicated that 

installation cost to the homeowner (including direct system cost and available financial 

incentives) is an important driver.  From there I sought to understand what other factors 

may have a positive or negative impact on buyers.    

Additionally, I scheduled a consultation with a solar installation company at my 

home in Gilbert AZ, served by the Salt River Project utility. (SRP) In the process I 

learned that one of the leading Third Party Owned suppliers, Solar City, no longer offered 

installations in the area of my utility provider, SRP.  The Solar City representative 

advised that SRP made recent changes, compelling homes with solar PV systems to be 
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placed on one specific rate plan that includes a peak demand charge.  This rate plan no 

longer made homes in SRP territory attractive for Solar City installations.  

With Solar City no longer performing work in SRP territory, I scheduled an in-

home consultation with American Solar & Roofing, to be performed in March 2018.  I 

discovered several items in this consultation that would affect my consideration to install 

a solar PV system.   SRP had recently changed its residential pricing plans, requiring new 

residential solar interconnection homes to be placed on a unique pricing plan, the 

Customer Generation Price Plan (Salt River Project). New solar customers in SRP 

boundaries are subject to an increased monthly service charge, aimed to ensure self-

generating customers pay for their share of SRP’s fixed grid costs.  Solar customers are 

also subject to a demand chargefor which non-solar customers are not.   The demand 

charge is a third component of the SRP monthly bill (above service and usage charges). A 

customer’s highest single hour of energy usage in each month during peak usage hours (1 

to 8 PM in hotter months) determines this demand charge component for the month.  

(Salt River Project) This factor alone deterred me from pursuing solar, as with a family of 

5 it would not be realistic to keep peak usage low from 1 to 8 PM every weekday.   Some 

of the components such as the inverters did not have a warranty that matched the system 

lifetime of 20 years.  I confirmed that if our eighteen year old home needed unrelated 

roofing work during the lifetime of the solar panels, we would need to pay the additional 

cost of having the solar system removed, and then wait for the solar system installers to 

reinstall the panels (at a cost) for the warranty to continue to be valid.   From the existing 
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literature research and home consultation, I arrived at the following factors to focus on 

when surveying Arizona residents. 

I sought 300 survey respondents.  To encourage focused attentive survey 

participation, I kept the length of the survey short.   I also added a background paragraph 

for responders to read prior to responding to add some context for the survey audience 

and ensure they understand the terms used in the questions.   The background reads as 

follows:      

“A home solar photovoltaic (PV) system can be purchased outright with a loan, or 

can be leased from a third party.   If the system generates more electricity than the home 

needs, electricity is sent to the power grid.  The power company compensates the 

homeowner in some way for this excess solar generation.  

It may be difficult for power companies to integrate large amounts of excess 

residential solar energy into the power grid.  This is driving power companies to try 

different rate plans for solar customers.  Power bills include a constant service charge, 

plus variable charges based on how much electricity you use.  Some power companies 

are adding a third component, a ‘peak demand charge,’ based on the highest amount of 

power you use from the grid during peak usage periods.  Plans with this component 

encourage homeowners to not use too much power when it is more expensive for the 

power company to meet the higher power demands.   

To be financially attractive, the new total of monthly payments for the solar 

system plus power company bills should be less than the power bill would be without a 
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solar system installed.   For questions 2 through 10 for each possible factor listed, state 

how this factor affects your consideration of installing a residential solar PV system.” 

 The above paragraphs are the pre-questionnaire reading background content that 

survey respondents were asked to review first. 

 

Solar Consideration Factors 

The survey audience is asked to rate the extent the factors further below influence 

their consideration of solar system installation.  In this Likert scale, the responses may 

range from ‘much less likely to install’ to ‘much more likely to install.’  The factors are 

listed below as presented in the survey.    

Factor 1: “The installer offers a comprehensive 20-year warranty covering parts 

and labor for the entire solar system.”  This seeks to identify how concerned customers 

are with unexpected costs arising during the system lifetime and how much time will be 

needed to identify and reach a party that will assume responsibility for the repairs.  

Personally, in my 5-year ownership of a simple solar hot water heater in the two instances 

where repair was needed, despite having a warranty, I was not able to find an accountable 

party to complete the repair and had to pay out of pocket both times, as the system 

integrator, system consultant, and hot water tank manufacturer all deferred to the other 

party, denying accountability. 

 Factor 2: “The power company may require solar homes to shift to a rate plan 

with a peak demand charge.  This charge requires you to change your energy usage 

patterns to avoid a peak demand penalty charge and perhaps increase your power bill.”  
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Arizona’s largest two utilities have in the last 2 years changed their solar plans to require 

a peak demand charge that requires usage pattern changes. 

 Factor 3: “There’s a risk that the installed solar system may reduce the resale 

value of your home, and there's a risk that an installed leased system may increase the 

time it takes to sell your home.”  As discussed in the research there have been stories and 

initial research on the effect of installed PV systems on resale value. 

 Similarly, the survey audience is asked to reply to what extent the potential 

factors below would influence their decision to install a solar PV system. 

Factor 4: “There's a risk that an installed leased system may increase the time it 

takes to sell your home (greater days on market).” 

Factor 5: “If future roofing work is needed, there may be an additional cost for 
moving or working around the solar system to perform the roofing work.” 

Factor 6: “The possibility of the power company changing your rate plan within 
20 years in some way to make the system’s financial benefit decline.” 

Factor 7: “What if the solar system had the ability to power parts of the home 
during a daytime grid power outage.” 

Factor 8: “The solar PV system was shown to strongly contribute to a better 

environment.” 

Factor 9: “A home battery storage system was available ($3000 additional cost 

with a 20-year warranty) that enabled you to store excess production for use at night, and 

provide 2 hours backup power during an outage.” 

 In addition to seeking feedback on factors, I sought demographic information.  

The survey tool used, Survey Monkey, included standard information for its regular users 

such as age, gender, and household income.  Additionally, I asked that respondents 
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answer questions regarding their relationship status, education level, rent or own status, 

and the number of dependents in their household. 

Comparison of Actual Arizona Installation Rates to Survey Results 

 Arizona’s major power utilities provide data on each solar project undertaken that 

is interconnected to their network (ArizonaGoesSolar.org, 2018).The utilities track non-

PV projects such as solar hot water heaters and commercial solar projects in this same 

database. Arizona’s largest power utilities are Arizona Public Service (APS) and Salt 

River Project  (SRP). Their service areas are illustrated in Figure 3. 



 
 
 
 
 

22

 

Figure 3.  Service areas of power utilities in Arizona (Arizona Corporation Commission, 
2018). 
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 APS is regulated by the Arizona Corporation Commission (AZCC); SRP’s 

electric utility operations are not regulated by the AZCC.  For each utility, I summarized 

the monthly successful installations from 2006 to 2018.   In this process, I obtained the 

complete list of all solar projects maintained by each utility and removed all non-PV 

projects and non-residential projects.   The data includes “application dates,”“installation 

successful” dates, as well as “cancellation dates.”   I focus the analysis on application 

dates, as the date of the application is the closest indicator of what present factors drive a 

homeowner to pursue residential solar, as opposed to the subsequent installation date, 

often 2 to 4 months after the application. 

 Subsequently, I narrowed the data by only keeping the applications that 

eventually resulted in successful installations.   I summed the remaining number of 

residential PV installations per month and also totaled the subset of installations that are 

third party owned (TPO). The resulting monthly summary data for APS and SRP 

territories is presented the results section.   SRP did not provide data on Third Party 

Owned installations. 

 

Evaluation of Successful Policies Promoting Solar Adoption 

To identify successful solutions, I use survey results to identify highly scored 

factors.  I researched which states, utilities or solar companies have implemented 

initiatives relating to the top survey factors.  One source for this effort is the annual Solar 

Power Rocks state by state assessment of ten means in which states can influence 

residential solar growth from solar sales tax exemptions to net metering policies (2017 
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US solar power rankings). I examined solar policies in leading adopting states such as 

Hawaii, Massachusetts and New York to identify common trends in impacts on 

homeowner solar adoption.   

. In assessing program successes, I compared the quantity of home solar 

installations in periods before and after significant policy implementations, allowing for 

some time for the program’s availability to be communicated to homeowners.  I’ll also 

aim to account for other factors that may influence before and after figures such as 

residential energy prices in the target market and utilize regression analysis to determine 

how much of the changes in solar installations are accounted for by identified driving 

factors.   
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Chapter III  

Results 

 

This section details the results of the research outlined in the Methods chapter.  

The first section describes the results of the survey of Arizona residents. The second 

section details historical installation rates in Arizona’s two largest power utility 

territories, and analyzes how solar policies drove significant changes in installation 

patterns. 

AZ Homeowner Survey Analysis 

 I surveyed 295 Arizona residents.  SurveyMonkey was able to provide 275 paid 

respondents and 10 of its 275 respondents were erroneously not AZ residents.  I removed 

the non-Arizona residents and obtained 30 additional AZ resident respondents 

independently.  In total, 295 AZ residents were surveyed and their responses are 

summarized here.  Responses from non-AZ resident are removed from the analysis.  The 

textual Likert scale responses are assigned numerical values from one to seven.  (For 

“much less likely” to “much more likely” to consider solar installation responses), I 

averaged the responses for AZ residents for each question. 



 
 
 
 
 

 Additionally, I separated response scores among specific groups to include 

Arizona homeowners, men versus women, and based on the highest level of formal 

education completed. 

 Survey results are displayed in Tables 3, 4

 

Table 3. Survey results for AZ residents
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I separated response scores among specific groups to include 

Arizona homeowners, men versus women, and based on the highest level of formal 

Survey results are displayed in Tables 3, 4, and 5. 

Table 3. Survey results for AZ residents and AZ homeowners. 

I separated response scores among specific groups to include 

Arizona homeowners, men versus women, and based on the highest level of formal 

 



 
 
 
 
 

Table 4. Survey results by gender.

 

Table 5. Survey results by highest education level.

Arizona Historical Residential Solar PV Analysis

I captured installation totals in APS and SRP territories from 2006 to 2018.  For 

APS, the utility regulated by the Arizona Corporation Commission, I created the chart in 

Figure 4, displaying the results.  

residential solar applications received in that month that resulted in successful 
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Table 4. Survey results by gender. 

Table 5. Survey results by highest education level. 

 

Arizona Historical Residential Solar PV Analysis 

installation totals in APS and SRP territories from 2006 to 2018.  For 

APS, the utility regulated by the Arizona Corporation Commission, I created the chart in 

Figure 4, displaying the results.  Again, the monthly totals reflect the number of 

olar applications received in that month that resulted in successful 

 

 

installation totals in APS and SRP territories from 2006 to 2018.  For 

APS, the utility regulated by the Arizona Corporation Commission, I created the chart in 

the monthly totals reflect the number of 

olar applications received in that month that resulted in successful 
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installations in future months.  Table 6 shows precise monthly installations in 2017 when 

APS made a significant policy change, discussed later.  



 
 
 
 
 

Figure 4.  Monthly residential PV

 

Table 6.  2017 APS residential PV installation details

2017 Month
January

February
March
April
May
June
July

August
September

October
November
December

 

 For context, historical changes in drivers of solar installation rates in Arizona, 

such as utility incentives, are summarized in Table 7.
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Figure 4.  Monthly residential PV installations in APS territory. 

Table 6.  2017 APS residential PV installation details. 

2017 Month TPO Installations   Total Installations 
January 982 1437 

February 1042 1572 
March 1165 1824 
April 1247 1952 
May 1485 2469 
June 2283 3731 
July 1321 2164 

August 1076 3450 
September 190 322 

October 292 551 
November 372 644 
December 303 618 

For context, historical changes in drivers of solar installation rates in Arizona, 

such as utility incentives, are summarized in Table 7. 

 

Total Installations  

For context, historical changes in drivers of solar installation rates in Arizona, 
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Table 7.  Chronological changes in solar installation drivers in Arizona. 

Time Changes In Drivers Reference 

2005 

The Energy Policy Act of 2005 “makes a credit available to those 
who add qualified solar panels... equal to 30 percent of the 
qualified investment... up to a maximum credit of $2,000.” 

Internal 
Revenue 
Service, 
2006 

2006 

“Arizona Corporation Commission approves the Renewable 
Energy Standard and Tariff. This requires regulated utilities to get 
15 percent of their power from renewable sources... by 2025. 
They also must get 30 percent of that renewable power from 
"distributed" sources such as rooftop solar panels. Utilities like 
Arizona Public Service Co. begin charging a tariff on customers... 
and paying incentives approaching $20,000 or more to customers 
who install rooftop solar.” 

Randazzo, 
2016 

2007 

“APS and Salt River Project offer customers incentives worth 
more than $3 per watt to install panels. They also offered net 
metering” 

Randazzo, 
2016 

2008 
“SolarCity Corp... announces it will sell no-money-down solar 
leases in Arizona.” 

Randazzo, 
2016 

2008 
2009 

“APS increases the REST tariff on customers to $3.17 a month to 
continue funding renewable-energy projects to meet the state 
REST mandate.” 

Randazzo, 
2016 

2009 

“Congress passed into law the Economic Stabilization Act which 
included the long awaited 8 year extension of the solar investment 
tax credit...this act also eliminated the $2,000 cap that applied to 
residential systems.” 

Kinnear, 
2008 

April 
2010 

“The cost to install solar in Arizona falls to about $5 a watt, and 
because the large incentives are no longer needed, APS reduces 
the payments it provides customers to little more than $2 per watt 
from $3 per watt. The utility reports more than 100 people a week 
installing solar in its territory, much more growth than the utility 
or Corporation Commissioners anticipated. Meanwhile, SRP is 
facing a similar matter, and by October, that utility runs out of 
money to offer customers as solar incentives, and is unwilling to 
increase customer bills to fund more solar immediately.” 

Randazzo, 
2016 
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May 2011 
SRP’s board approves a goal of providing 20 percent of its energy 
from “sustainable” sources by 2020. 

Randazzo, 
2016 

2013 

“The cost per watt to install residential solar falls to about $3.50 
per watt, and APS stops offering any incentive for customers to 
install panels. The Arizona Corporation Commission, following 
months of debate and protests, approves a compromise between 
APS and the rooftop-solar industry. The deal charges new solar 
customers an average of $5 a month through an existing line item 
on their bill. APS had suggested either a “demand charge” for 
solar customers or fees of $50 or more a month so that the costs of 
maintaining the power grid were not shifted onto non-solar 
customers. ” 

Randazzo, 
2016 

January 
2014 

The new monthly charge for APS residential solar customers of 
about $5 per month takes effect. 

Randazzo, 
2016 

2014 

“Despite the $5 fee approved in 2013, APS set a record in 2014, 
with 7,800 customers adding rooftop solar. Company officials... 
contend the solar users rely on grid elements..., but don’t pay 
much to support that infrastructure.” 

Randazzo, 
2016 

December 
2014 

“SRP proposes putting all solar customers... on ‘demand rates’ 
that will charge them a fee based on their highest use of power at 
once during the month.” 

Randazzo, 
2016 

February 
2015 

SRP board approves new rates that include a demand charge for 
all new solar customers. 

Randazzo, 
2016 

2015 

“The Sandstone Solar large-scale power plant breaks ground in 
Florence...SRP will buy power from the plant at 5.3 cents per 
kilowatt-hour. The utility’s managers suggest this is a better way 
to promote solar than paying rooftop solar customers retail credit, 
which is worth 10 cents or more per kilowatt-hour. “ 

Randazzo, 
2016 

June 2016 

APS files for a rate change with the AZ Corporation Commission 
to make demand charges mandatory for all customers, and change 
the metering rate for residential solar exporting to the grid to the 
wholesale rate which is much less than the existing residential 
rate, greatly reducing the value for residential PV systems. 

Scott, 
2016 
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April 
2017 

APS reaches agreement with solar industry and other stakeholders 
on rate plan changes to take effect later in 2017 that reduce 
benefits to residential solar customers and will only guarantee net 
metering rates for 10 years instead of the previous 20 years. Britt, 2017 

August 
15th, 
2017 

APS grandfathers preferred net-metering rates (13.9 cents / KWh) 
for existing solar customers and those who sign up by August 
31st, 2017.  Solar rates are changed such that those applying 
through August 31st, 2018 will receive a lower 12.9 cents/KWh, 
for only 10 years.  Customers applying after August 31st, 2018 
may receive a still lower rate, to be determined. Britt, 2017 

 

 Arizona solar PV installation rates were influenced by the factors discussed.  The 

Energy Policy Act of 2005 provided a 30% tax credit for residential PV systems, with a 

$2000 cap (Internal Revenue Service, 2006). This contributed to a very limited increase 

in installations in APS and SRP territories as average solar PV prices of about $9.7 / Watt 

equated to about $58,000 for a 6 KW system, and the $2000 tax credit provided only a 

relatively small offset to this cost. 
As PV prices dropped and Federal Tax Credits for residential PV improved in 

2009 with the removal of the $2000 tax credit cap (Kinnear, 2008), PV installations rose 

strongly in both APS and SRP territories.  Importantly the law permitted carrying over 

tax credits that a homeowner was not able to claim in the year of installation into future 

years’ tax claims.  For a 6KW system at 2009 installed PV prices the federal tax credit 

was now $15,000 while typical system costs were $51,000. 

Through 2016 the APS rate plan for solar PV systems included a net metering rate 

of 13.9 cents/kW-hr at all times of day.   The plan was guaranteed for 20 years from 

installation.  PV installations in APS territory continued to rise.  In June 2016, APS filed 
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for a rate change with the AZ Corporation Commission, proposing to shift payment rates 

for residential PV exported energy from commercial energy rates to wholesale rates, 

about a 65% lower rate (Scott, 2016). The short-term spike upward in PV installations in 

June 2016 is likely driven by this future risk of reduced value from solar PV systems. 

In April 2017, APS and the AZ Corporation Commission publicly announced that 

they are working toward rate changes to be implemented in August 2017. These changes 

would include changes to the solar net metering and the number of years that metering 

rates will be guaranteed.  Additionally, solar customers’ plans will include a peak 

demand charge.  Residential bills generally include a fixed service charge and a variable 

usage charge based on the total amount of energy consumed in the month.  Now, this new 

peak demand charge will apply a significant additional charge based on the single highest 

consumption peak hour of the month.   These changes weaken the appeal of solar 

installations.   Solar PV system applications that are completed by the August 2017 rate 

change date would be grandfathered into the more favorable pre-existing APS solar rate 

plan.  From March to August 2017 the number of applications leading to installations in 

APS territory increased by 89%, spiking as illustrated in Table 6.  This striking increase 

appears to correlate to consumers seeking to submit applications in time to be 

grandfathered into more favorable terms with respect to net-metering, guaranteed net-

metering periods, and peak demand restrictions. 

As forewarned, in August 2017, the AZ Corporation Commission approved 

APS’s new electric rate plans, which included changes for solar customers.  APS 

confirmed that customers applying for systems from this point through August 2018 “will 
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rate change, applications leading to installations drop dramatically to about six times 

fewer than the August peak, and three times fewer than the pre
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Figure 5.  Impact of policy changes on APS territory residential PV installations.

 

Salt River Project (SRP) is not regulated by the Arizona Corporation Commission 

and not subject to renewable energy targets set by the

showing monthly SRP installation data.   
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be credited 12.9 cents/kilowatt-hour for their excess electricity, and the rate will be 

locked in for 10 years.  Anyone signing up thereafter could see a lower rate”  (

short-term spike in installs in August 2018 before solar generation 

purchase rates would fall below 12.9 cents/kilowatt-hour.  Following the August 2017 

rate change, applications leading to installations drop dramatically to about six times 

fewer than the August peak, and three times fewer than the pre-warning March 

installation normal.  Figure 5 visualizes key events over installation data.
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received in each month that became successful installations.  The SRP data does not 

break out Third Party Owned (TPO) installations.

 

Figure 6.  Salt River Project monthly residential solar PV installations.

 

Like APS, in SRP’s territory 2006 saw very minor increases in installations 

following approval of capped federal solar tax credits, while 2009 saw a dramatic 

increase aided by the removal of 

applications spiked early in the calendar year and tapered off later in the year.  SRP 

allotted a fixed budget for solar rebates each year and as this funding ran out during the 

calendar SRP stopped awarding rebates in those years, contributing to the decline in 

applications later in 2009 and 2010.  Proposed changes in late 2014 to add a demand 

charge to all solar customers’ bills drove a spike in applications, to about three times the 

previous months as residents signed up under the favorable legacy rules with no demand 

charge.  When the rate was implemented in Q1 2015, installations plummeted, with
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Like APS, in SRP’s territory 2006 saw very minor increases in installations 

following approval of capped federal solar tax credits, while 2009 saw a dramatic 

2000 cap on credits.  In 2009 and 2010, installation 

applications spiked early in the calendar year and tapered off later in the year.  SRP 

a fixed budget for solar rebates each year and as this funding ran out during the 

calendar SRP stopped awarding rebates in those years, contributing to the decline in 

applications later in 2009 and 2010.  Proposed changes in late 2014 to add a demand 

ge to all solar customers’ bills drove a spike in applications, to about three times the 

previous months as residents signed up under the favorable legacy rules with no demand 

charge.  When the rate was implemented in Q1 2015, installations plummeted, with SRP 
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data showing no applications in January and February and remaining very low for about 

18 months into mid-2016.  

 

Installation Driver Regression Analysis 

 To understand how well quantitative factors explain the changes in installation 

rates in APS territory, I obtained quarterly data on potentially strong factors from the 

sources below including:   

● Annual APS KWh energy pricing (Arizonagoessolar.org) 

● Annual installed solar PV prices per Watt (Barbose, 2018) 

● Mortgage delinquency rates (Board of Governors of the Federal Reserve System, 

2018) which may inhibit the willingness of homeowners to invest in their homes. 

● Arizona Public Service rebates per Watt of installed PV capability (Randazzo, 

2016) 

● Federal tax credit values, which were capped at $2000 through 2008, then raised 

to 30% of the costs of the installed system in 2009 (Kinnear, 2008) 

● The projected average purchase rate from Arizona Public Service residential solar 

energy returned to the grid generation over the next 20 years (Britt, 2017) 

● The relative value of currently offered net metering pricing relative to any known 

changes in the coming six months.   This aims to understand the influence of 

known coming changes on current decisions.  Publicly announced pending 

changes in the purchase price of generated solar energy appears to drive consumer 

behavior strongly in APS and SRP examples.  I estimate this factor as a value of 
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one when there is no planned rate change.  When there is a planned rate change I 

estimate the ratio of the future value of the solar energy purchase to the current 

value per KWh (Britt, 2017). 

 The quarterly values for the above parameters are documented in Table 8 in the 

Appendix. 

 I performed a regression analysis in Microsoft Excel for the data above, with the 

quarterly installations as the dependent variable, and the other quarterly data streams as 

independent parameters.   The analysis resulted in an R-squared value of 0.8625, 

estimating that 86% of the variation in installations is explained by the documented 

parameters.  The significance (F) value for the regression is 1.1204 E-13, well under 

0.05, indicating the analysis dataset is statistically significant.     

 Table 9 summarizes the P-Values of the independent parameters.  Several are 

above 0.05, indicating significant contribution to installation rates.  Notably the 

residential utility power rates, the value of federal tax credits, and the guaranteed rate that 

the utility will pay for solar energy sent back to the grid are the three strongest drivers.  

 

Table 9.  P-Values of residential installation rate regression analysis. 

Parameter P-value 

Residential APS Rates, Cents/KWh 0.153096986 

Total Installed Costs / W 0.011434923 

Mortgage Delinquency 0.015760078 
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APS Rebates Per Watt 0.032490185 

Federal Credits for a 6KW System 0.715141848 

Relative Benefit of Net Metering Compared to Future State 5.7955E-06 

APS Net Metering 20 Year Projection 0.718274661 

 

 The identified importance of commercial energy prices is underscored by actual 

installed solar capacity by state.   The ten states with the highest installed solar capacity 

are California, Arizona, Massachusetts, New Jersey, New York, Connecticut, Nevada, 

Texas, Pennsylvania and Maryland  (NREL, 2018b). These states are among those with 

the highest utility rates.  Solar has low penetration in states with lower utility energy 

prices.  Higher utility prices are significant in driving consumers to make the initial 

investment in solar and assume some risk of PV system failures and repair costs. 

 

Industry and Policy Influences 

In Arizona, it is observed that the policies or factors that significantly increase 

residential solar adoption are higher per KWh energy pricing, more favorable net 

metering policies, lower net price of installed systems (including credits) and net 

metering rates guaranteed for longer periods of time.  The availability of leased, third 

party owned systems also contributes to greater solar penetration. 
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Chapter IV 

Discussion 

 

 My objectives were to use a survey to understand which factors influence 

residential installations the greatest, analyze historical AZ installation patterns, assess 

how those patterns correlate to survey feedback, and how strongly different government 

or utility policy changes affect the identified influence factors in my survey. 

I hypothesized that top surveyed concerns with adoption would be uncovered un-

forecasted maintenance and repair costs, and the uncertainty in how utility plans for 

customers with solar PV systems may change within 20 years.    I also predicted that of 

the concerns, states or solar services companies have had the greatest success overcoming 

unforecasted repair cost concerns, and the least success addressing predictability of the 

future utility rate plans. 

 

Survey Results 

Results for each factor could range from a score of 1 to 7 (much less likely to 

much more likely) on the Likert Scale.   The two factors that homeowners expressed 

would concern them the most are that the utility may change their rate plan within the 

next 20 years (3.27 score) or that the installations may reduce their home resale value. 

(3.32 score) Of the factors described to the audience, the one that would most encourage 
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adoption is the availability of a full 20-year warranty to alleviate concerns of additional 

repair costs incurred by the homeowner.  This factor scored 5.55 overall and 5.65 among 

homeowners.  A lesson learned with respect to the survey was that it helps to word the 

survey questions such that all factors are described as all being potentially negative or 

positive factors.  In my survey, the descriptions were mixed.  For example, factors 

included the availability of a full 20 years warranty (a positive) and the possibility of a 

reduction in resale value (a negative). The hypothesis regarding concern factors appears 

true in that the top positive factor is the availability of a warranty and the top negative 

factor is the concern that utility may change the terms of the solar agreement. 

 

Related Policy Impacts on Solar Adoption 

The concern over utility rate plan changes is exhibited in the APS historical 

installation data.  As APS discusses planned adverse solar rate changes in April 2017, 

while grandfathering in those who install prior to the changes, homeowner installations 

soared by about 89% leading up to the plan change as residents sought confidence in 

fixed purchase rates on the energy sent back to the grid.   Then in August 2017, as the 

new plan was implemented offering weaker buyback terms, and a shorter period in which 

those terms are guaranteed, installations dramaticallyfall.  Similarly, in SRP territory, the 

2014 announcements of a coming high demand charge based on the 30 minutes per 

month of peak usage presents uncertainty about whether this new rate plan will allow a 

PV system installation to generate future savings, and also places doubt in customers as 

to the likelihood of SRP continuing to maintain stable terms in the future.   Installation 
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rates more than triple leading up to the policy change and sharply decline after the 

demand charge is implemented. 

When utilities make changes to rate plans that reduce the future savings or 

certainty of terms with the utilities, installations fall dramatically.  The SRP installation 

data illustrates this as well.  Prior to announced rates changes in late 2014, installations 

spiked to over double those of previous months and dropped to near zero in the two 

months afterward. 

 Solar PV systems can represent a significant purchase for homeowners.  The 

technology is not well understood by many and most solar installation companies have 

not been in existence for many years.   These considerations drive the survey audience’s 

interest in a comprehensive warranty that protects the owner from large expenses.  The 

wide scale entrance of leased solar systems into the AZ market in 2010 contributed 

strongly to installations.  From 2011 to 2017, about two thirds of new installs in APS 

territory were third party owned.  Some of the appeal of a leased system is that the owner 

assumes repair costs, while the reduction in upfront costs are attractive to many 

customers as well. 

 The Arizona survey results and installation data reveal that changes in utility rates 

regarding how customers are compensated for solar energy sent to the grid are the major 

policy factors driving consumer behavior.   The increased residential solar energy sent to 

the grid and the reduction in revenues from solar customers are the largest related 

concerns for utilities.   The trends in utility response observed in Arizona are seen in 

other states as well.   Many utilities discuss a common concern with increasing 
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distributed solar penetration that centers around the utilities' infrastructure costs and daily 

variations in total customer demand profiles, further discussed below.  For residential 

solar to penetrate more significantly, power companies need to be convinced that their 

operations and profits will not be harmed. 

 

Utilities’ Concerns With Increasing Distributed Solar Generation 

There are three related concerns that some utilities openly express regarding 

residential solar.  These concerns are that (1) residential solar customers pay lower usage 

fees to the utility, shifting the solar customers’ contribution toward the utilities’ mostly 

fixed costs to other non-solar customers, (2) peak solar generation does not occur at the 

time of peak power demand, increasing the challenge of managing the grid demand, and 

(3) it is more cost effective to increase the amount of renewable energy generated in a 

state by relying on large scale commercial solar sites than residential sites. 

Power utilities incur fixed and variable costs in their operations.  The fixed costs 

are relatively unchanged regardless of how much energy customers consume in a given 

month, while the variable costs change with usage.  Billing methods generally aim to 

collect costs from customers in a manner where customers contribute equitably to the 

utility’s costs of providing power.  Fixed costs represent the majority of a utility’s costs.  

As residential solar customers use less grid power, save money and pay less to the utility, 

the utility’s expenses remain relatively unchanged given their large fixed costs. 

In 2014, as APS lobbied for increasing charges on solar customers, it argued that 

“solar users rely on grid elements such as interstate transmission lines, transformers and 



 
 
 
 
 

utility poles, but don’t pay much to support that infrastructure because they are getting 

retail credits on their bill through net metering, and thus pay little to the utility

(Randazzo, 2016). 

Conventional energy generation methods can produce relatively even power 

outputs day and night.  Solar generation output is variable, increasing in the morning, 

peaking around noon and tapering off quickly around 4 PM depending on the latitude and 

season as shown in Figur

consumers return home and use appliances more.

 

Figure 7.  Typical mismatch of solar supply with grid power demand

 

With greater variable solar penetration

managing the mismatched timing of peak demand and peak variable power production. 

An NREL study describe
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minimum required loading levels.   When PV penetration reaches high levels, the limited 

ability of plants to curtail output can limit how much solar PV energy can be accepted 

into the grid.  The study states:“In addition to operational limits, each power plant has an 

efficiency or heat rate (fuel used per unit of generation) that varies as a function of load. 

As PV penetration increases, power plants may need to cycle more, resulting in lower 

average efficiency. This cycling could reduce the average fuel use and emissions offset as 

a function of PV penetration.  It will also increase the average cost of generation from 

thermal units, along with maintenance requirements“(Denholm, 2008). 

Hawaii has the highest percentage of homes in the United States with PV panels 

and utilities have struggled to integrate rapidly increasing cyclical solar generation into 

the grid.  A Vice President at Hawaiian Electric stated in 2015, “At every different 

moment, we have to make sure that the amount of power we generate is equal to the 

amount of energy being used, and if we don’t keep that balance things go unstable… [the 

rooftops solar systems are] essentially invisible to us… because they sit behind a 

customer’s meter and we don’t have a means to directly measure them” (Cardwell, 2015). 

Even with no variable renewable energy, utilities need to ramp up and ramp down 

generation from traditional sources to match the changes in grid demand.  As variable 

renewable energy generation increases (from solar and wind) this effect is exacerbated, 

leading to greater needs for rapid generation ramp up from non-solar or wind production 

plants.   This challenge is shown in Figure 8 in what has become known as the Duck 

Curve based on its profile.  The curve project greater levels of future solar generation and 

the deepening of the ‘belly’ of the duck in mid-day, requiring greater ramping down of 



 
 
 
 
 

traditional generation sources and the associated need for greater ramping up in the 

evening. 

 

Figure 8.  The Duck Curve. (NREL, 2018
ramping down and up traditional generation sources more as solar penetration increases.
 

 
As solar penetration increases, the NREL has studied methods to integrate greater 

solar production into the grid.  In a 2015 study, the NREL recommended “two ways to 

change system planning and operational practices to re

PV on the grid. The first is to "fatten" the duck, growing its belly by increasing the 

flexibility of the power system

more frequent power plant cycling, starts and stops, and so on. The second is to "flatten" 

the duck, shrinking its belly by shifting supply and demand so solar can meet parts of the 

load that wouldn’t normally be provided in the middle of the day. Flattening the duck

typically involves adding energy storage or demand response
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traditional generation sources and the associated need for greater ramping up in the 

Figure 8.  The Duck Curve. (NREL, 2018a) This curve illustrates the challenge of 
and up traditional generation sources more as solar penetration increases.
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already being deployed in various locations around the United States”  (NREL, 2018a). 

Both residential solar and commercial scale solar generation also contribute to the Duck 

Curve challenge on the electrical system. 

Integrating greater amounts solar generation and the increasing ramp down and up 

extremes on existing generation sites presents challenges to utilities.  The great deal of 

investment into existing continuous generation sites and the staffing required to maintain 

those sites changes very little as cyclic daily solar generation supplies more power to the 

grid.  Yet the operators are tasked with reducing the output of traditional plants to the 

grid to accommodate increasing solar production.  The annual cost per KWh generated 

from traditional plants likely rises with this adaptation to a deepening Duck Curve with 

greater power ramp ups as the plants are curtailed to a greater extent. 

At least in the short term, utilities have sought to limit the impact of uneven 

distributed solar generation on their grid operations.  This initiative is often done by 

changing solar rate plans to less favorable terms, which is a top concern of the surveyed 

audience.  The changes generally fall into the categories of eliminating rebates, reducing 

the payment for solar sent to the grid, shifting customers to a time of use plan that 

charges much more for peak hour usage, or most dramatically adding a peak demand 

charge based on the highest half hour or hour per month of demand in peak demand 

windows.   The demand charge implemented by SRP for example can eliminate any cost 

savings and actually increase a user’s bill if the peak half hour usage is too high.    
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Utility Responses to Greater Solar Penetration 

To address the increased solar generation, some regulated utilities have opted to 

work with their regulators to directly or indirectly limit solar generation sent back to the 

grid. National Grid provides power in several New England states.  Their website 

discusses agreed upon net metering caps or limits.   Net metering caps limit how many 

solar  customers can participate in a net metering program. In early 2016, the cap for 

Massachusetts limited participation to 7% of a utility’s historical peak load for private 

customers.  ”In March 2017, New York State transitioned away from a “peak load” based 

cap. Now, the net metering cap is determined by calculating net metering’s impact on the 

utility’s net revenue. It is set at 2% of incremental net revenue, which is equivalent to 100 

MW. The Public Service Commission requires each utility in New York to report when 

they reach 85% of their recommended net metering capacity so subsequent action can be 

determined,” (How Does National Grid’s Net Metering Work, 2018).Also in 

Massachusetts, in January 2018, Eversource Energy won regulatory approval to add a 

demand charge to the bills of solar and other distributed energy customers, which will 

likely curtail new solar additions.  Eversource noted it was losing $8 million per year in 

revenue from solar and other distributed energy customers (Trabish, 2018). 

Hawaii has some of the highest electric costs in the United States.  Solar panels 

were embraced by residents with 12% of Hawaiian homes having installed panels 

through 2015 (Cardwell, 2015).  Through the rapid growth of solar penetration, Hawaiian 

utilities sought to reduce incentives as a means of slowing the added difficult to predict 

solar energy inputs to the grid.  In 2009, the Kauai Island Utility Cooperative ended its 
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retail-rate net metering program and shifted to paying customers at the much lower 

wholesale electricity rate for solar sent to the grid (Piper, 2018a). In October 2015, the 

Hawaii Public Utility Commission ended net energy metering for Hawaiian Electric Co. 

utilities, including those on Maui, Oahu and the big island of Hawaii.  This led to a 

reduction in PV system permits issued (from 2016 to 2017) of 34%, 28% and 59% in the 

islands of Oahu, Hawaii and Maui respectively (Piper, 2018a). 

 The Frontier Group summarized the response of utilities to increasing residential 

solar generation, noting: “Some utilities have started to embrace these changes by 

envisioning new business models... Others, however, have reacted by trying to slow the 

growth of rooftop solar power, including by adding extra monthly charges on solar 

energy owners, increasing the fixed charge component of residential customer energy 

bills, reducing credits for solar energy under net metering policies, and restricting 

financing options like third-party solar ownership” (Weissman, 2016). Adding demand 

charges to consumers with solar generation is another approach.  “In territories where 

large residential demand charges have been implemented, solar energy growth has 

stagnated. In April 2015, the Salt River Project instituted a demand charge equaling 

approximately $29 per month on its net metering customers. In the 11 months before the 

demand charge took effect, the number of net metering customers grew by 4,500; in the 

11 months afterwards, the number grew by barely a third of that, despite the continued 

rapid fall in the cost of solar energy systems.”  In 2015 at least 13 utilities in the US 

attempted to implement new demand charges (Weissman, 2016). 

 



 
 
 
 
 

Figure 9.  Cumulative SRP residential solar customers.  Growth slowed to about one third 
the previous rate after SRP implemented a peak demand charge  (Weissman, 2016)
 

Less friendly utility policies and rates make solar less attractive to customers and 

also to solar companies offering leased third party owned systems.  Green Tech Media 

analyzed residential solar installation rates in the five states with most installations 

(Merchant, 2018).  With regards to slowing installation trends, they concluded, “in all 

markets, customer acquisition remains a persistent problem... companies are “bottoming 

out” as early-adopter markets become saturated. Loss of state incentives and pullback 

from companies such as Vivint and Sunrun are also causing difficulties for residential 

growth” (Merchant, 2018)

For consumers, one means of mitigating the high demand charge impacts 

implementing solar plus battery storage systems with smart home control systems that 
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help residents limit their peak monthly demand by supplying some power from batteries 

during period of highest homeowner demand.  Homeowners with demand charges can 

“benefit from solar batteries because {they} may be able to avoid a higher fee by relying 

on {their} energy storage system instead,” to avoid exceeding stated peak demand levels 

in their rate plan  (Should you install a solar battery for home use? 2018).   

Solar savings degradation also arises from utilities changing net metering terms.  

Many utilities have stopped paying homeowners for excess generation at the same 

residential rate that the utility is selling power to the homeowners at.  Instead some pay 

for excess generation at the wholesale rate at which the utility can purchase power.  The 

wholesale rate if generally half or less than half of the residential rate.   A “solar plus 

battery” system with a smart control system is a solution for this challenge as well, 

allowing homeowners to store excess generation to be used later in peak demand hours 

and avoid paying for energy at the higher residential rate.  By using the energy when 

utility rates are the highest, customers maximize the value of their generation instead of 

selling energy at the lower wholesale rate.  “Installing solar batteries makes economic 

sense because you’re able to maximize the value of the energy you generate at your own 

property.” (Should you install a solar battery for home use? 2018).  Potential increased 

charges from time of day rates are similarly minimized with a smart solar plus storage 

system.   

 While solar growth has slowed or stopped in some states as utilities struggle to 

integrate increased solar generation into the grid, solar continues to offer promise.  The 

NREL recommendations for managing the Duck Curve challenges are a major part of the 
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path forward.   That is additional build out of storage capabilities will help absorb the 

peak solar generation and permit that energy to be used at other times of day, and the 

utilities are challenged with making changes to better manage production ramp ups.  With 

storage, much like solar PV panels, the price of storage needs to come down to the point 

where the cost of solar plus storage is less than residential energy costs from utilities.   

Policies that will aid adoption of storage systems can be the same as those that lowered 

solar PV prices in the past decade.   State and federal tax credits and utility rebates or 

other incentives can encourage greater storage installations, increasing the scale of 

production and lowering storage prices over time.  The current Federal ITC tax credit of 

30% does apply to storage projects integrated with solar (Stills, 2017). 

 Hybrid energy storage projects combine commercial generation and storage.  

Hybrid energy storage system capacity is projected to grow from 78.6 MW in 2017 to 2.1 

GW in 2026.  Lithium-Ion battery production costs fell by about 50% between 2014 and 

2017, aided by the rise of electric vehicle production (Stills, 2017).  The lowering costs of 

energy storage provide promise that solar installations can continue to grow given the 

value of combined solar plus storage systems. 
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Conclusion 

 Solar energy has great potential to provide clean energy in the United States both 

from large scale commercial and small-scale building rooftop projects.  Residential solar 

adoption slowed in 2017, despite lowering system costs.   In Arizona, the greatest 

concerns beyond upfront costs are potentially unforecasted repair costs and the concern 

of utilities changing the rates and future benefits of solar systems. 

Technical concerns of Arizona residents such as unplanned repair costs have been 

addressed through warranties and leased arrangements.  The significant remaining 

concern of customers is shorter commitments from utilities on guaranteed rate plans and 

the purchase price of solar energy sent to the grid.   The reluctance of some utilities to 

grant sustained favorable terms for solar generation is based on the utilities’ concern of 

how to effectively integrate increasing amounts of cyclic solar generation into their base 

constant generation sources such as coal, natural gas and hydropower plants.   Also, 

utilities seek additional monthly fixed charges on solar customers to make up for lost 

usage fees that utilities assert are needed for solar customers to pay their fair share of 

fixed costs associated with maintaining large reliable power grids.  The Duck Curve 

illustrates how utilities would need to increasingly curtail production from sites that they 

have invested capital costs in and staff with personnel, to accommodate more solar 

generation.  As long as utilities view this integration as an undesirable practice many 

implement pricing plans to reduce the value of residential solar to homeowners. 

 The utilities’ concern with increased solar integration has greatly slowed 

residential solar growth.   Strategically, the NREL’s two recommendations are best suited 
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to address this slowing.   One approach is for utilities to change “operational practices to 

enable more frequent power plant cycling, starts and stops” to be able to manage deeper 

Duck Curves and greater ramp ups and ramp downs of traditional generation plan outputs  

(NREL, 2018a).  The other solution is the improvement in and proliferation of advanced 

storage solutions that enable the solar generation output to be stored for use when the grid 

demand is greatest, instead of forcing all the generated solar onto the grid when it is not 

needed as urgently.   This effectively widens the Duck Curve while preventing sharper 

ramp up power needs.  To make this successful storage costs such as those for batteries 

need to lower to the point where solar generation plus solar costs are less than 

commercial utility rates. 

 The premise of my thesis was to understand what factors influence residential 

solar adoption and how can input factors be adjusted to drive greater adoption.  Large 

scale utility solar presents advantages to utilities tasked producing a certain percentage of 

their power from renewable energy sources.   All energy produced from commercial 

plants counts toward the renewable energy goal.  Economies of scale at large plants 

permit delivering energy to utilities at cheaper rates than residential systems.  A 

conclusion drawn here is that to drive greater solar offload of non-renewable energy 

sources utilities should be permitted to work with solar partners to obtain solar from 

whichever sources present greater opportunities.  Regulations mandating certain 

percentages of power to come specifically from small scale distributed PV systems may 

not be productive for utilities to expend their efforts on at the current maturity of solar 

generation and storage system technologies.  Short-term state and federal incentives such 



 
 
 
 
 

54

as tax credits or rebates for energy storage solutions used in conjunction with solar can 

help drive storage system penetration until scale on incremental improvements make 

solar plus storage costs comparable to costs of other generation sources. 

 

  



 
 
 
 
 

55

Appendix 

 

Table 8.  Potential drivers of APS customer PV installations. 

Quarter New 
Installs 

Residenti
al APS 
Rates, 
Cents/K
Wh 

Total 
Install
ed 
Costs 
$ / W 

Mortgage 
Delinque
ncy (%) 

APS 
Rebate
s, 
Dollars 
Per 
Watt 

Federal 
Credits 
for a 
6KW 
System, 
Dollars 

Relativ
e 
Benefit 
of Net 
Meteri
ng  

APS Net 
Meterin
g, 20 
Year 
Projecti
on 

2007_Q1 49 9.1 9.70 2.08 3 0 1 13.9 

2007_Q2 75 9.1 9.70 2.31 3 0 1 13.9 

2007_Q3 101 9.1 9.70 2.71 3 2000 1 13.9 

2007_Q4 97 9.1 9.70 3.09 3 2000 1 13.9 

2008_Q1 84 9.6 9.20 3.66 3 2000 1 13.9 

2008_Q2 162 9.6 9.20 4.38 3 2000 1 13.9 

2008_Q3 238 9.6 9.20 5.3 3 2000 1 13.9 

2008_Q4 329 9.6 9.20 6.59 3 2000 1 13.9 

2009_Q1 205 10 8.60 7.96 3 15480 1 13.9 

2009_Q2 468 10 8.60 8.58 3 15480 1 13.9 

2009_Q3 656 10 8.60 9.53 3 15480 1 13.9 
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2009_Q4 919 10 8.60 10.34 3 15480 1 13.9 

2010_Q1 1099 10.1 7.20 11.54 2 12960 1 13.9 

2010_Q2 1088 10.1 7.20 11.06 2 12960 1 13.9 

2010_Q3 688 10.1 7.20 10.59 2 12960 1 13.9 

2010_Q4 730 10.1 7.20 10.36 2 12960 1 13.9 

2011_Q1 729 10.1 6.70 10.35 2 12060 1 13.9 

2011_Q2 889 10.1 6.70 10.52 2 12060 1 13.9 

2011_Q3 986 10.1 6.70 10.49 2 12060 1 13.9 

2011_Q4 1093 10.1 6.70 10.29 2 12060 1 13.9 

2012_Q1 1768 10.2 5.60 10.35 2 10080 1 13.9 

2012_Q2 1938 10.2 5.60 10.42 2 10080 1 13.9 

2012_Q3 1940 10.2 5.60 10.45 2 10080 1 13.9 

2012_Q4 1248 10.2 5.60 10.06 2 10080 1 13.9 

2013_Q1 1479 10.8 4.80 9.75 0 8640 1 13.9 

2013_Q2 1738 10.8 4.80 9.29 0 8640 1 13.9 

2013_Q3 2309 10.8 4.80 8.65 0 8640 1 13.9 

2013_Q4 2230 10.8 4.80 8.32 0 8640 1 13.9 
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2014_Q1 949 10.9 4.30 7.77 0 7740 1 13.9 

2014_Q2 1759 10.9 4.30 7.42 0 7740 1 13.9 

2014_Q3 2299 10.9 4.30 7.06 0 7740 1 13.9 

2014_Q4 2284 10.9 4.30 6.53 0 7740 1 13.9 

2015_Q1 2012 11.1 4.00 6.23 0 7200 1 13.9 

2015_Q2 3048 11.1 4.00 5.82 0 7200 1 13.9 

2015_Q3 3510 11.1 4.00 5.4 0 7200 1 13.9 

2015_Q4 3445 11.1 4.00 5.07 0 7200 1 13.9 

2016_Q1 3190 11.2 3.90 4.79 0 7020 1 13.9 

2016_Q2 3718 11.2 3.90 4.6 0 7020 1 13.9 

2016_Q3 5016 11.2 3.90 4.37 0 7020 1 13.9 

2016_Q4 4148 11.2 3.90 4.13 0 7020 1 13.9 

2017_Q1 4833 11.3 3.80 3.9 0 6840 1 13.9 

2017_Q2 8152 11.3 3.80 3.71 0 6840 2.16 13.9 

2017_Q3 5936 11.3 3.80 3.64 0 6840 1 6.45 

2017_Q4 1813 11.3 3.80 3.55 0 6840 1 6.45 
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