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Abstract: 

The major focus of this thesis was to identify and analyze different state level policies 

that have a major influence on the implementation of Community Solar (CS). CS is classified as 

both a distributed-generation and renewable energy source. It is rapidly growing, while 

expanding the ability for a variety of different consumers and firms to participate in the solar 

energy economy. Through a literature review, this thesis began by identifying a wide range of 

policies that can enable and influence CS implementation, ranging from nearly essential factors 

like having energy credit valuation systems, to providing tax benefits. Through this research, I 

developed a state level policy scoring system, taking into account 17 different policy related 

factors. This scoring system was applied to California, Colorado, Massachusetts, Minnesota, and 

New York, the five states that currently have the most installed CS. This was done by developing 

an inventory of what policies each state has, and assigning a policy score based on their policies. 

Next, the total CS implementation for each of these states was inventoried, and was also 

normalized to take into account total state solar potential and population. Based on these scores 

and implementation, two linear regression models were run showing a positive relationship 

between having a high policy score and having high levels of CS implementation. Additionally, a 

correlation matrix was run to identify which individual policy factors have a more direct 

significant effect on implementation. Limited by the small sample size, little statistical 

significance was found in the correlation matrix. However, there was a significant positive 

relationship between tax related factors, including income tax deduction and grants and rebates, 

and implementation. This thesis serves as a strong baseline and roadmap for CS policy analysis, 

and should be replicated and expanded upon in the future as CS implementation continues to 

increase and more data becomes available.  
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Chapter 1: Introduction 
 
Background and Overview: 

This thesis explores the relationship between different state level policies, such as 

renewable energy policy, distributed energy policy, market regulations and tax policy, and their 

impact on the implementation of Community Solar (CS). Currently the United States has a major 

reliance on fossil fuels for energy production, with petroleum, coal and natural gas making up 

about 80% of nationwide production (US EIA, 2018).  However, as using these fossil fuels 

creates various negative impacts through emissions that contribute to climate change and damage 

human health, there is an increasing movement to produce more energy through renewable 

sources. Solar energy, a type of renewable energy, currently makes up less than 1% of total 

energy production in the US. However, its production has been consistently growing over the last 

decade (US EIA, 2018). CS is a quickly growing solar energy model. CS can be defined as solar 

energy capturing facilities that provide financial or energy benefits to multiple stakeholders 

(Coughlin 2012, 3). An example of a CS facility is a large solar array such as the one pictured in 

Figure 1.1, which is large enough to power 250 homes. The most common type of Solar Energy 

utilized in CS is Solar PV, which uses solar panels to directly convert light into electricity. 

 

Figure 1.1: CS Farm in Monson, Massachusetts (Source: Nexamp.com, 2019) 
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One reason why CS is a very promising way to increase solar energy implementation is 

because of its ability to unlock a new market that allows many to participate that would not 

otherwise have access to the benefits of solar energy for a variety of reasons. Studies show that 

approximately 49% of American households and 48% of businesses are not eligible or suitable 

for rooftop solar panels (Feldman et al., 2015, 25).  Factors that limit this ability consist of being 

renters or condo owners that do not have the right to alter the roof of their unit, having a roof that 

is unsuitable or incompatible with solar panel infrastructure, or having a roof simply does not get 

consistent and high quality sunlight (Feldman et al., 2015, 3). Further, upfront cost can be a 

prohibitive factor for many when considering purchasing their own solar panels. Solar panels can 

be an expensive investment that can take years to provide financial returns. CS helps reduce 

upfront costs for subscribers, particularly in subscriptions models where monthly rates are paid 

in relation to the financial benefits that consumers are receiving. Additionally, multiple CS 

programs require that a certain percentage of subscribers have low to moderate incomes, thus 

further encouraging and enabling an equitable distribution of the financial benefits that solar 

energy can provide. Benefits for CS Subscribers are mostly financial, as they usually receive 

credits on their utility electric bill in proportion to their subscription, often allowing them to 

offset a very significant portion of their electric bill. Some subscribers also gain psychological 

benefits from the fact that they are a part of the renewable energy economy. 

When one Colorado resident and strong supporter of renewable energy found out her 

home did not have a rooftop suitable for solar panels she was devastated. However a local CS 

project allowed her to be a part of the transition to solar energy and save money by receiving 

energy credits below the market rate of electricity.  In another case a Minnesotan had the same 

desire,  but in his case was simply not able to afford the upfront cost of a rooftop solar system. 
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However, through a local CS project he was able to support and benefit from solar energy and 

feel like he was able “to do something to combat energy burned from coal” while cutting his 

electricity bill in half (Sun Share Community Solar, 2018).  

This thesis is driven by one overarching research question that guides the literature 

review and analysis throughout:  How do State level policies impact the implementation of 

Community Solar?   

State level policies are particularly important to explore at a time, in 2019, where the 

federal landscape of solar policy is changing. For example, the investment tax credit for solar is 

expiring in two years and tariffs are being imposed on solar panels from key producers like 

China and Taiwan (Ryan 2018, 4).  State level legislation is key in regards to CS.  It can enable 

and encourage CS development, as well as determine how the relationship functions between 

suppliers of energy, most often utilities, and energy customers, most often home or business 

owners. It also largely determines how owners of CS projects can be compensated for their 

excess generation, as well as how CS subscribers can benefit financially (Ryan 2018, 4). The 

goal of this thesis is to find the similarities and differences between state policies, with a special 

focus on the nuanced differences between policies that may seem very similar at face value. This 

is accomplished by using the information derived from the literature review to develop a rating 

system to assign each state an overall policy score. This score is analyzed in relation to how 

much CS the state has implemented, and insights are drawn from those results. Additionally, a 

correlation matrix is implemented to analyze and explore key relationships between individual 

policies and implementation.  
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Research Design Process: 

Beginning with the literature review, I explore key background information related to the 

development of CS, the energy market, and relevant infrastructure. Within this literature review 

multiple key topics are explored. First I examine the major motivations that drive 

implementation of CS, including how these motivations can drive policy implementation like 

Renewable Portfolio Standards and state mandated CS programs.  Next, I examine the role 

business model arrangements play in CS implementation to determine the  importance of 

allowing multiple business models.  I then explore legislative programs like credit valuation and 

tax policy, to determine what role different financial benefit structures can have on CS. Next I 

examine the impact utilities have on CS, including what they stand to lose or gain. These 

questions are driven by the fact that each state of interest is at a different stage in CS 

development, and are experiencing varying levels of implementation. CS cannot exist on any sort 

of significant scale without the implementation of certain types of legislation. Thus it will be 

important to examine which of these CS enabling pieces of legislation are the most beneficial to 

successful implementation.  A key motivation for studying these policies is to examine how they 

contribute to the current market structure in the state, including demand for CS, its cost, and who 

can own CS facilities.  It will also explore the relationship that utility companies have with CS, 

and how this can differ between states. I then examine existing policy rating methods to guide 

the development of my own. 

Following the literature review, this thesis examines and analyzes the current CS layout 

in the states of interest. The states examined and analyzed in this study include California, 

Colorado, Massachusetts, Minnesota, and New York.  The reason these five states are the focus 

of the analysis if that they, as of the end of 2018, have the most Megawatts (MWs) of CS 
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installed (Watkins,  2018). Informed by the literature review, I develop a policy rating system 

that takes into account 16 different features that are important to CS implementation. As a result 

of this process, this thesis serves as a good policy data base for the five states of interest as well. 

Each state will earn a score based on their policies.  In order to examine this relative success of 

these policies in each state, data on the total number of current CS projects, and their energy 

production in each state that is of interest will be analyzed and compared. The relationship 

between policies and implementation will be explored both using a regression model with the 

overall policy score and a correlation matrix comparing individual policies to CS 

implementation. This data comparison will provide some  insights into what types of policies 

encourage CS implementation, and what policies can be more detrimental.   
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Chapter 2: Literature Review 

Overview:   

This literature review begins by exploring in depth what CS is, and where it fits in among 

other types of solar energy business structures, occupying a unique niche in the market 

somewhere between residential and commercial solar, as a type of “non-residential” solar.  Next, 

it explores the major motivations behind implementing CS. This consists of increased renewable 

energy production mandates on the state level, as well as the potential financial benefits it can 

provide to owners and customers, particularly those who are not eligible for residential solar. It 

then explores the role of different business model arrangements. This reveals that multiple types 

of business models with varying types of ownership models and customer crediting models can 

be successful, and that allowing flexibility is important. Different types of financial legislative 

intervention is then explored in order to examine the key policies needed to provide financial 

benefits to consumers. This consists of examining how credit valuation systems like Virtual Net 

Metering allow CS to work, and how different tax incentive policies can potentially encourage 

CS implementation by providing benefits. The role of electric utilities, the primary end providers 

of electricity in most states, is also very important to examine. They potentially have much to 

lose or gain with growth in CS, as it has potentially to alter their business models. Next, two 

existing CS policy rating systems are analyzed from the Interstate Renewable energy Council  

(IREC) and the Center for Biological Diversity (CBD). IREC rates each state level CS specific 

program based on multiple factors, and CBD gives the state an overall ranking based on a 

combination of CS related policies. This rating systems provides some insights, both in content 

and structure, that are utilized in my policy rating system. Finally I address some gaps in the 

literature to inform my study. No one has yet to analyze the relationships between state policies 
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and their actual effect on the implementation of CS practice, particularly when multiple policies 

are interacting with each other, as is almost always the case in reality.  

A. Background Information Necessary To Understand CS and Related Policies: 

Before examining how different policy and market structures influence the level of 

implementation of CS, there is a significant amount of background understanding that is 

necessary to have. Community solar (CS), which is a type of distributed energy generation, can 

be defined as any solar electricity system that provides power or a financial benefit to multiple 

community members (Coughlin et al., 2011, 2).  A typical CS facility consists of a large layout 

of multiple photovoltaic solar arrays, located on either a large plot of open space or large rooftop. 

What then defines the project as being CS is that the energy is either distributed to multiple 

meters, or more commonly, the monetary savings resulting from that electric generation are 

shared by multiple individuals or businesses (Coughlin et al., 2011, 2).   

In order to understand where CS falls in the solar energy market today, it is important to 

understand the difference between Utility, Residential and Commercial, and non-residential 

solar. Utility scale solar facilities are most often the largest, with a minimum of 5 MW capacity. 

Depending on the market structure, utilities either have sole control as the only options electric 

consumers have in the area, or can face competition from third-party suppliers (Bolinger and 

Seel, 2018, 1). The energy produced in these large utility scale solar arrays, which sometimes 

span over a thousand acres and produce hundreds of MWs of energy, are fed directly into the 

energy grid, then  distributed to the utility’s customers according to their need. Utilities are 

becoming increasingly interested in using large solar facilities to supply the grid as solar 

technology improves, driving down costs and increasing reliability, especially as battery storage 

technology improves (Bolinger and Seel, 2018, 15). Although it will not be taken into account in 
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my policy rating system, the role utilities play in energy distribution can vary depending on 

whether or not a state has “deregulated” or “regulated” utilities. In a “regulated” state, the 

utilities both generates electricity and owns all associated infrastructure, and in a “deregulated” 

market, transmission and generation is more open to third party companies (US EPA, 2019). 

Alternatively, residential and commercial solar facilities are implemented for the purpose 

of providing electricity directly to the building that they are installed for. These facilities will 

most likely either be installed on the rooftop of the building that the energy is supplied to, or on 

an open plot of land that is part of the property owned by the resident or business that is paying 

for the solar facility. These are most often the smallest solar facilities in terms of space and 

energy production, due to their goal of only providing a single entity with power (Goodrich et 

al., 2012, 1).  In the case that more energy is produced by the solar array than is used by the 

building, that energy is either sold to the electric grid at or near the market price of energy or 

increasingly often now, stored in batteries for times when energy production is not meeting 

demand (Goodrich et al., 2012, 1).  

Non-Residential solar falls somewhere in between utility-scale and residential or 

commercial solar, often both in terms of energy produced and the amount of different entities 

that are influenced either with direct energy supply or savings. Non-residential solar facilities can 

encompass a variety of different structures, but the defining characteristic of a non-residential 

solar facility is that it benefits multiple, specific entities, that are actively choosing to receive 

those benefits (Bolinger and Seel, 2018, 1). Community Solar is technically considered Non-

Residential Solar, despite the fact that the benefits of it can be passed along to multiple 

residential buildings.  
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B. What are the major motivations that drive implementation of CS?  

Now with a good understanding of what CS is, it is important to examine motivations 

behind the implementation of CS in order to understand which policies may be most influential 

to its implementation. One major source of motivation is derived from the fact that various levels 

of government have adopted goals to reduce greenhouse gas emissions. This can be seen on the 

international level with agreements like the Paris Climate agreements, and more specifically in 

the US, at the state level. For example, the Global Warming Solutions act in Massachusetts sets 

specific greenhouse gas reduction goals and renewable energy generation targets, including 

specific requirements for solar and distributed energy production (Mass.gov, 2008).  These types 

of goals and legislation have led to a greater desire, and often times requirement, to increase 

renewable energy production, as renewables like solar can meet a significant portion of energy 

demand while reducing GHG emissions. This need for increased renewable energy coupled with 

the continually decreasing cost of solar energy that has come as a result of improved technology 

and targeted government policy has encouraged the development of new ways to produce and 

use solar energy (Fu et al., 2017, 24).  

CS has opened up a new market for solar energy. In the past, residential rooftop solar, 

where homeowners install solar panels directly on their homes in order to supply part or all of 

their electricity usage, was the most common way individuals could support and benefit from 

solar energy. Although rooftop solar can be incredibly beneficial, it is not feasible for many 

people for a variety of reasons. Studies show that approximately 49% of American households 

and 48% of businesses are not eligible or suitable for rooftop solar panels (Feldman et al., 2015, 

25).  Factors that limit this ability consist of being renters or condo owners that do not have the 

right to alter the roof where they live, having a roof that is unsuitable or incompatible with solar 
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panel infrastructure, or having a roof that does not get consistent and high quality sunlight, 

potentially because of tree shading (Feldman et al., 2015, 3). CS allows residents, or businesses, 

that did not have a suitable rooftop or plot of land for a solar facility to obtain shares of the solar 

farm. The use of public funds to incentivize solar adaptation has become prevalent as, due to the 

high upfront costs involved, solar PV is considered to be socio-economically regressive (Tanton, 

2014,  2).  Opting for CS as opposed to rooftop PV, depending on the business model, can 

eliminate some or all of the upfront cost for consumers, helping to mitigate such issues. In a 

subscription model, rather than paying for the cost of solar panels upfront, subscribers pay on a 

monthly basis at an amount that is lower than the amount they are saving on their electricity bill. 

This results in relatively smaller monthly savings, rather than a large upfront loss and large long 

term savings.  Although concern for the environment is sometimes a motivator for people to 

install solar on their homes, environmental values are not enough, and not always necessary, as 

economic reasons seem to be more important (Schelly, 2014, 1). Ideally, and in most cases CS, 

can provide an economic return for the customer (Funkhouser et al., 2015,  2). Increasing 

demand for renewable energy paired with decreasing costs derived from technological 

improvement and governmental policies, is allowing CS to be increasingly beneficial for 

customers and opening up significant potential for higher profit for the entities building and 

running the CS facilities. The expansion of CS is clearly evident as thus far, there has been over 

1,226 megawatts of CS installed in the US, which can power close to 1 million homes (Solar 

Energy Industries Association, 2017). 
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C. What role do business model arrangements play in CS implementation? 

          With the rise of CS, multiple different business models have emerged.  The two key 

factors that determine the business model of the CS program are how subscribers receive benefits 

by participation in the CS program, and who develops and owns the array.  

Before examining the different CS business structures, it is important to define what is 

meant by benefits received from a CS program. These benefits consist of both potential savings 

on one’s electric bill, as well as the knowledge that one is supporting increase solar energy 

production. It is important to understand that subscribing to a CS facility does not mean all your 

energy is all coming from solar energy. Rather, the solar energy produced by the CS facility gets 

fed into the grid, thus increasing the overall proportion of the total energy supply that is coming 

from solar energy (Coughlin et al., 2011, 17). So although one is not directly getting the solar 

energy their panels produced, the energy that they and everyone else connected to the grid 

receives, has a higher proportion of renewable energy. In all market structures, the beneficiary 

will receive credits on their electricity bill that are based off of what their share of the CS solar 

facility has produced. These credits will most likely result in a discount on their electric bill, 

which depends on what state policies are in place and the current market value and cost of 

production of the solar energy relative to energy supplied by the utility in general (Energy Sage, 

2018). 

  The way that the beneficiaries of the CS projects obtain their share and its accompanying 

benefits is important for understanding and defining the type of business model in place. The two 

main different possibilities are a subscription model, and a purchasing model. In a purchasing 

model, the beneficiaries of the CS facility purchase their own share of solar panels at the facility 

(Energy Sage, 2018). This model requires a high upfront investment from the purchaser, and 
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they will directly receive the benefits from their own solar panels. This is a similar concept to a 

community garden, where each user has their own space in a larger garden, and receives only the 

outputs of their own space. Alternatively, the subscription model requires little to no upfront 

investment for the individual beneficiaries, but a larger upfront investment for the entity 

developing the solar facility. In this model, the subscriber most often will see a reduction on their 

monthly electric bill in the form of solar energy credits which are earned based on the amount of 

solar energy produced by their share (Energy Sage, 2018).  Often, the beneficiary of these credits 

will pay the owner of the CS facility a percentage of what those credits were worth. In the 

subscription contract the parties entered into, it may have, for example, prescribed a 10% 

discount off those credits.  For example, if one received $100 worth of discounts on their electric 

bill from the credits their subscribed share of the farm produced, the beneficiary would be paying 

the CS facility owner $90 for those credits, thus netting a $10 savings.  

Billing: 

There are three different major approaches to billing in CS. They consist of group billing, 

joint ownership, and most commonly, virtual net metering (VNM) (Coughlin et al., 2011, 22). In 

regards to billing, the way VNM works is that credits will appear on subscribers bill just as if 

they were generated net metering credits at their home. VNM is the most common type of billing 

for utility CS projects, and how it is enabled by state policy will be discussed later (Funkhouser 

et al., 2015, 7). The way group billing works is that the utility produces a single bill showing all 

the subscribers energy consumption and related charges. The output for the CS array is then 

netted against the group bill, the cost that remains is split among the subscribers based on a pre-

existing condition agreed upon by all parties. Under joint ownership, qualified owners can either 

sell their CS arrays generation to the utility and receive income from it, or have their generation 
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virtually net metered to them in proportion to their ownership level (Coughlin et al., 2011, 24).  

Although business models and billing structures vary, in order for the CS facility to be beneficial 

under current conditions in any state, it is pivotal that the owner of the facility has a billing 

mechanism that can apply compensation to the bills of individual subscribers, and for that solar 

energy to be valued financially by the energy market at a rate that is as high as, and preferably 

higher than, the retail rate of energy. It is especially important if the CS facility owner is not the 

utility, because a company could not be profitable if it was receiving less than the retail rate for 

energy and going ahead and selling the credits it is receiving at a discount rate. If that were the 

case, companies would be offering the benefitting parties a discount below the amount they 

would need to charge to break even on the investment.  For the purpose of this thesis, these 

beneficiaries described above, will be referred to as “subscribers”, whether they are purchasing a 

share of the panels, or are just leasing or subscribing to a share of the energy produced and 

paying monthly.  

Ownership Models: 

There are three different major possibilities related to who develops and owns the CS 

array. The owner of this of array is pivotal to how the business model is laid out. One option is a 

utility owned model. In this structure, the utility will own the CS array, and will usually have 

leased or purchased land for this and hired an outside company to build the facility. This model 

is conducive to both a subscription and purchase model, and is relatively straightforward because 

the utility is both the owner of the array and in control of the distribution of the 

energy.  Although this model is currently the most common structure used across the country, it 

is not the only significant model (Coughlin et al., 2011, 7). Another common model, which is 

more popular in some states than others because of different policy structures, is a developer-
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owned model. In this model, the developer buys or leases a site, then builds and operates the CS 

array by itself. Then, the electricity produced by the array is sold to the utility, ideally at a rate 

above the retail price for electricity. The utility will then credit the subscribers or owners of the 

solar panels at the facility with the appropriate amount of credits, and these beneficiaries will 

compensate the develop based on the agreed upon terms of the contract (Elevate Energy, 2018). 

The third, and least common model, which combines elements of the utility and developer 

owned models, is known as Special Purpose Entity (SPE) model. An SPE is a business entity, 

which is usually inclined to engage in a CS project for motivations such as tax benefits or to 

ensure the benefits of the project are kept within a specific community or area. In this model the 

SPE will secure a location for the project, hire a developer to build it, sell the electricity to the 

utility, have the utility credit the subscribers, and then the subscribers will financially 

compensate the SPE according to the terms of their agreement. A sub-type of SPE Model could 

be a non-profit model, which works in the same way except that donors contribute to a CS array 

owned by a charitable non-profit (Coughlin et al., 2011, 12). 

Based on this classification of existing business models, in this thesis I will refer to CS 

arrays as either utility owned, or non-utility owned, the latter of which would incorporate both 

developer and SPE models. Thus, a CS model with either be utility-owned purchase model, 

utility-owned subscription model, non-utility owned purchase model, or non-utility owned 

subscription model. 

D. The Role of  Financial Legislative Policy 

How CS can distribute benefits: 

To understand what has allowed to CS to become a viable solar energy business model, 

virtual net metering (VNM) is very important to define. Without the existence of legislation that 



 15 

permits VNM, or a similar valuation method, it is impossible for CS to exist in a state on a large 

scale. VNM is essentially the system by which the bills of subscribers to a CS array are credited 

for the solar energy produced (Coughlin et al., 2011, 23).  The concept of VNM, stems from Net 

metering, which is particularly relevant to residential solar. Net metering is when the owners of 

solar arrays are credited for the excess energy they produce, beyond what they use. These credits 

can either be traded in for energy from the utility if one’s needs are not completely met by their 

solar array at a particular time, or sometimes exchanged for monetary compensation (Coughlin et 

al., 2011, 3). The way VNM works for CS subscribers is that they receive weighted credits 

determined by the portion one owns or is subscribed to from the solar array. Thus, if the solar 

array produced 1,000 credits worth of energy and one was subscribed to 5% of the array, they 

would receive 50 credits. Those credits will be directly applied to the utility electric bill the 

subscribers pays. These credits can offset up to, or beyond the total energy used by the subscriber 

that month, thus potentially making the amount owed on their electric utility bill close to 

nothing. However, it is key to note that subscribers most often do not receive financial 

compensation from the utility for their excess VNM credits, rather they will just carry over into 

future months. It is most common to subscribe to a share that is likely to produce, averaged over 

the course of the year, as close to, without going over, one’s expected annual usage. Obtaining 

credits in excess of one’s expected annual usage would result in the subscriber paying for more 

credits than they could use, thus negatively impacting their savings.  

One potential alternative to VNM credits which can alter how financial benefits are 

received by subscribers from the solar energy produced by CS facilities, is a value of solar tariff 

(VOST). A VOST is based on a geographically specific benefit-cost analysis of the value of 

distributed solar to utilities. For each unit of electricity generated by their system, solar 
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customers are provided a credit equivalent to the determined value of solar, which can take into 

account benefits like avoided energy costs and social or environmental benefits (NRECA, 2016, 

3). Minnesota’s Department of Commerce developed a voluntary VOST program that applies to 

utility owned CS projects, yet no utilities have chosen to adopt it yet (Minnesota Commerce 

Department, 2014). In 2017, the state of New York implemented a variation of VOST, called the 

Value of Distributed Energy Resources (VDER). Like VOST, VDER compensates projects 

based on when and where they provide energy to the grid (NY-Sun, 2018). This program is still 

in its infancy and there is not enough data to examine how it is affecting compensation. 

However, some evidence of whether or not switching to a VOST compensation methodology 

does exist. In 2012, Austin Energy, a municipal utility in Austin implemented the first VOST 

system. A 2014 study in The Electricity Journal by Blackburn et al. analyzed the impacts of the 

VOST, and in their results it showed that the VOST increased solar installations rates in Austin 

when compared to the rest of Texas (Blackburn et al., 2014, 3). Thus, it could be important to 

consider variations of compensation schemes as one factor in the level of CS implementation.  

 
Tax Policy:  

Tax code at both the national and state level is very important to examine in relation to 

the growth of Community Solar. Because of the unique and untraditional nature of CS, it can be 

challenging to navigate which tax structures and incentives may apply to it. First, looking at 

incentives, federal or state grants can and have been used to help offset the costs of CS projects. 

Example of grants that have funded CS projects consist of Energy Efficiency and Conservation 

Block Group Program (EECBG) and the Rural Energy for America Program (REAP) (Coughlin 

et al., 2011, 28). Energy Investment tax credits, such as the Commercial ITC program, allow 

commercial, industrial, and non-public utility owners of CS programs facilities one-time tax 
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credits equivalent to a percentage of qualified installed costs (Coughlin et al., 2011, 27). An 

innovative tax policy that can be beneficial to installers of CS projects are those related to 

depreciation of assets, like the current federal Modified Accelerated Cost Recovery System 

(MARCS), that allow businesses that install CS projects to take into consideration the 

depreciation of their assets for tax purposes (Coughlin et al., 2011, 28). Federal and state 

governments also have the ability to introduce programs that provide tax credit bonds. These 

bonds would apply to municipal utilities building CS projects, and can help lower the cost of 

debt financing, making it easier to take on a project that may be costly in the short term 

(Maguire, 2016,  9). An example of a program like that was the federal Clean Renewable Energy 

Bonds (CREBS) program, which expired in 2017. In this program financial benefits were 

provided as either a tax credit to the purchaser of the bond or as an interest rate subsidy to the 

issuer of the bond (Coughlin et al., 2011, 28). 

Various state and local tax policies must be taken into consideration when implementing 

CS projects, thus they could potentially have an influence on levels of implementation. Four 

types of taxes that are particularly relevant consist of net income taxes, sales and use taxes, 

property taxes, and excise taxes. Because CS projects will likely produce revenue, that revenue 

will be subject to a state and federal income tax. To mitigate this potential disincentive, some 

states offer investment tax credits which can help offset the income tax (Coughlin et al., 2011, 

29). In many states, some entities, like municipally owned utilities, can be completely exempt 

from income tax, which could help encourage them to pursue CS (Funkhouser et al., 2015, 2). In 

regards to sale and use taxes, they could in theory be applied to the purchase of solar equipment 

and on the sale and use of electricity. However, many states exempt the sale and use of 

electricity from such taxes. Further, some states offer sales tax incentives (Coughlin et al., 2011, 
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29). Property taxes, which are based on the value of real property must be taken into 

consideration when installing CS because of the necessity to buy or lease land to install the 

panels and the potential change in value that comes along with installing solar panels. Some 

states offer property tax incentives for solar facilities to help encourage solar construction 

(Coughlin et al., 2011, 30). Additionally, some states and municipalities impose excise taxes on 

special goods, for example a gasoline or alcohol tax. Excise taxes can potentially apply to solar 

infrastructure, thus discouraging CS implementation. However, to mitigate this disincentive 

some states, like Massachusetts, have implemented excise tax deductions, allowing business that 

install solar to deduct excise taxes from net income for tax purposes (Mass.gov, 2018). 

 E. What role do utilities play in CS, and what do they stand to lose or gain. 

It is very important to further examine and take into consideration the role that Utilities 

have in the implementation of CS.  According to a 2015 paper by Funkhouser et al in Energy, 

Research & Social Science, the large scale implementation of Photovoltaic (PV) solar, which CS 

is a subtype of, has the potential to have a strong change in the relationship between utilities and 

customers in a way that could alter the revenue generating business model that utilities currently 

have in place (Funkhouser et al., 2015, 2). As previously discussed, utilities are inherently almost 

always involved in CS projects because of their role as energy providers. Their involvement can 

range from funding the projects themselves or just providing distribution of the energy. 

However, many utilities believe that Solar PV sometimes incurs more costs than benefits, 

especially considering that 56% believe that solar credits are priced high to extremely high 

compared to the value of their added generation capacity (Funhouser et al., 2015, 4).  This can be 

interpreted as meaning that utilities sometimes feel that solar virtual net metering credits are 

over-valued. If true, that would mean that customers are saving more and utilities are making 
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less. A key finding from this study is that utilities are actually motivated to develop CS for 

multiple reasons. The two more straightforward reasons are that CS can be helpful for meeting 

increasing consumer demand, and for keeping up with the many state imposed renewable energy 

targets. Additionally, CS has the potential to alleviate losses of revenue in comparison to 

residential solar PV (Funhouser et al., 2015 , 1). Evidence from the study shows that increases in 

residential solar PV installations is correlated with higher implementation of CS by municipally 

owned utilities (Funhouser et al., 2015, 10).  

Similarly to the goal of this thesis, this paper seeks to answer “how do policy, regulatory, 

and market factors shape the adoption of CS by U.S utilities.” Utility-sponsored community solar 

facilities are owned and administered by utilities. This model is advantageous to utilities because 

consumers total demand still passes through the utility, thus allowing them to maintain the 

existing customer-utility relationship. Additionally, as utilities often have resources to make 

larger projects,  there is potential for economies of scale to improve costs in relation to 

residential PV solar, which can financially benefit the utility and also, potentially, the consumer 

(Funkhouser et al., 2015, 2).  One driver for utilities to develop CS projects is to retain customers 

that favor solar energy (Funhouser et al., 2015, 4). They hope that by offering a community solar 

program, customers that may have installed a residential PV installation would instead opt for 

CS, thus maintaining the customer’s reliance on the utility for energy. Additionally, utilities 

generate more value for themselves with large-scale utility solar projects, rather than CS projects 

(Funhouser et al., 2015, 4). This can be partly attributed to the fact that utility scale projects often 

tend to be larger, thus improving cost efficiency. There is also evidence that consumer demand is 

an important driver for utilities to develop solar programs. Utilities may just simply be resistant 

to change as some have stipulated that concerns over the cost of modifying current billing 
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systems is a barrier to them implementing CS (Funhouser et al., 2015, 5). Despite this, 75 

percent of responding utilities report that they are likely to expand their existing CS programs in 

coming years. It is possible that part of the motivation for this is to limit increased 

implementation of residential PV in their customer base, which would be more detrimental to 

utilities financially (Funkhouser et al., 2015, 7). 

Evidence shows that the type of utility, whether it be an investor owned utilities (IOU), 

like Eversource or National Grid, or a Municipal owned utility (MUNI), is linked to levels of 

implementation. This is especially important to consider in the scope of this thesis as states have 

control over how utilities can operate in their state.  Municipal utilities have taken charge and 

came before private utilities when it came to adopting CS. This could potentially be due to their 

publically-focused mission (Funhouser et al., 2015, 5). This is supported by the fact that in 2015, 

IOU operated CS projects in less than half of the number of states that MUNIs had. For example, 

California does not have any CS projects run by independently owned utilities, in contrast to a 

state like MN which in 2013 mandated its largest independently owned utility provide CS 

(Funhouser et al., 2015, 9).  Even so, it seems that simply being a MUNI with the public interest 

in mind alone is not enough to inspire a utility to build CS projects. Currently, almost 99% of 

MUNI-owned installed CS capacity has occurred in states that have a strong Renewable 

Portfolio Standard. Further, the average size of CS projects in states with RPS are greater than 

those in states without an RPS (Funhouser et al., 2015, 9). Additionally, as independent utilities 

are subject to tax burden, IOUs adopting CS might be doing so at a premium rather than a 

savings (Funhouser et al., 2015, 11). Thus, a main motivation would seemingly have to be to 

fulfill RPS standards. This could logically lead to a hypothesis that states with only investor 

owned utilities, no mandates for CS, and no RPS would be a recipe for poor utility scale CS 
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implementation. As CS, and solar in general does have the potential to significantly disrupt the 

business model of most utilities, there has naturally been pushback. There has been multiple 

attempts across many states, headed by large utility companies, to push campaigns that have 

attempted to reduce net metering benefits and add extra bill charges to solar customers 

(Environment America, 2017, 1).  

F. Existing Policy Rating Systems: 

            One potential methodology for ranking states based on how conducive their policies are 

for distributed Solar development has been developed by Greer Ryan at the Center for Biological 

Diversity. This methodology creates a grading system, A through F, with A being the best. This 

was based off of a review of the both the presence, absence, and strength of distributed-solar 

policies, as well as the rooftop-solar technical potential rankings which have been developed by 

the NREL (Ryan, 2018, 3). According to this paper, there are three key categories of state level 

policies that are pivotal for the success of distributed solar energy. The first is market preparation 

policies, such as net-metering, that allow land owner to install solar panels and create the 

regulatory structure allowing them to be connected to the grid. The second are market-creation 

policies, such as RPSs, which determine the conditions necessary for solar producers to sell 

energy to electric rate payers. Third, are market-expansion policies, like grants, tax incentives, 

and VNM, which help expand the solar market to more people, particularly those who did not 

have easy access to it like renters or low-income earners (Ryan, 2018, 6).  Possession of all three 

of these types of policies is key for a state to earn a high score. However, even among states that 

have these policies in place, many still have barriers to implementation. Common issues consist 

of setting unambitious RPSs, having restrictions on VNM,  system size limits, or prohibiting 

third-party ownership financing models. With these considerations in mind, the actual grading 
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system was based off a policy scoring system with a maximum score of 5 points. Each state was 

given deduction from the maximum 5 point total for lacking certain policies. These consist of not 

having a mandatory RPS, not having a solar carve out within the RPS, not having or having a 

“weak” net metering policy, not allowing third party ownership, not having a community solar 

specific policy, not having interconnection standards, and not having a solar rights policy (Ryan, 

2018, 31). 

The Interstate Renewable Energy Council (IREC) has also developed a rating system 

known as the “National Shared Renewables Energy Scorecard.” The scorecard system uses a 

systematic method to rate the Community Solar related programs adopted in various states, 

including all of the states that will be analyzed in this thesis, using a letter score based scoring 

system (IREC, 1, 2016). It is important to note that rather than giving a ranking to the state as a 

whole, these rankings are assigning a score to an individual CS related program implemented by 

the state, meaning that some states will have multiple programs in their ranking. This 

differentiation is key. For example, because Massachusetts had both the “Neighborhood Net 

Metering” program, and the “Community Shared Solar/Virtual Net Metering Program,” each of 

those programs received its own grade, but there is no grade for the state as a whole (IREC, 2, 

2016). Further, even for a state with only one program directly related to CS, like Colorado, the 

rating that IREC assigns is still just representative of that specific program and not meant to be a 

rating for the state as a whole.  

  IREC’s rating system is determined based on how many out of, 13 possible important 

categories, are being successfully met by the CS program. The more categories that are 

successful fulfilled by the program, the higher the score will be. Certain attributes within a 

category are marked with either zero stars, one star, or two star, with more stars implying a 
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higher weight to that attribute in terms of the score (IREC, 2, 2016).  In order to determine the 

most important attributes for a successful program, IREC did some substantial research and 

analysis to lay out a document called the “Model for Shared Renewable Energy Programs,” 

which lays out best practices for developing a state level program (IREC, 2013, 2). The IREC 

scorecard contains four major categories, and within each category are multiple criteria, each of 

which has an associated description. If the program being analyzed meets the requirements of the 

criterion, as described in the description, it receives a program grade of a check, thus full credit. 

If it does not meet the description, it receives and X, thus no credit. The first major category is 

“General Program Details”, which included MW size limitations for project, if the utility or 

private company running the program is forced to make the data public, and if it helps low to 

moderate income people get into the program (IREC, 2018, 1). The second major category is 

“Customer and Subscriptions,” which incorporates criterion of whether all customer classes are 

eligible for CS, and if credits are portable, meaning customers can stay a part of the program 

even if they move to somewhere within the same utility service zone (IREC, 2018, 1).  The next 

category is “Generation Systems”, which lists many key factors, including those related to the 

potential business models. The criterion listed are that the maximum CS facility size is no 

smaller than 5 MW, if the program allows both on and off-site facilities with few limits on where 

the facility can be located within the service zone, and if third-party ownership and management 

– essentially meaning private companies—is permitted (IREC, 2018, 1).  The fourth category, 

“Bill Credits”, is very important on the consumer end, specifically relating to how attractive 

being part of a CS program would be for a consumer. The first criterion, which is two stars in 

importance, is Valuation, which essentially requires that the credits the consumer is receiving 
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will give them a financial benefit on their electric bill. Also, the way the credits are valued has to 

be clearly articulated (IREC, 2018, 1). 

G.  Gaps in the Literature: 

There is certainly a wide variety of policies that influence the implementation of CS,  as 

well as many sound theories and much analysis on what impacts certain policy should have. 

However, there is very little research done that compares and analyzes what levels of 

implementation one would expect policies to result in, with quantitative analysis of actual 

implementation and growth rates. The fact that there are so many different variations of policy 

structures among states, all sharing the same baseline federal policies, makes for a tremendous 

opportunity to isolate certain aspects that may be overlooked in mainstream analysis but 

potentially have greater than expected impacts. Further, for many states, there is not a thoroughly 

put together analysis of how various policies interact with each other. A better examination of 

this will be important for understanding of what mix of policies are most conducive to increased 

implementation, and also useful for those planning to build CS facilities in those states in the 

future.  
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Chapter 3: Developing a Scoring System 

Overview:  

Guided by the factors and methodology used by IREC and Center for Biological Diversity, while 

taking into account other factors that have been determined to be highly influential through the 

literature review, I have developed a state-wide scoring system for policies related to CS. This 

was an iterative process where I included most of the policies mentioned in the two existing 

rating systems, as well as introducing others that emerged from my literature review. The 

weighting and scoring system was inspired  most directly the IREC method. The overall rating 

score is meant to be representative of how successful a state’s CS related policies are expected to 

be in terms of increasing implementation of CS. The higher the score, the greater expected 

implementation should be.  

This scoring system uses a numerical rating from 0 to 100, with 100 being fully optimal 

and 0 being completely inadequate. Table 3.1, found below divides up the factors that are 

considered into 6 different major categories. These categories are Renewable energy Target 

Legislation, Legislation for a Shared Renewables Program, Credit Valuation Systems, Potential 

Customer Participation, Tax Structure, and System Ownership. Among these 6 categories, there 

are 17 different criteria of important factors, each of which, if present in the state of interest, will 

earn a certain number of points towards its rating. Table 3.1 explains how many points can be 

earned in each category, along with a brief description of what would earn a higher score in that 

category. Below the table I give a more in depth rational behind each category, including why it 

was deemed important.  

It is important to note that same categories, such as “Legislation for a Shared Renewables 

Program” are included even though the score is the same in each of the five states of interest, and 
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thus will not differentiate them. This is because this scoring system is designed to accommodate 

the analysis of any state’s policies, meaning it is not tailored towards these five specifically. 

Thus, it would become a very important category for differentiation if a state without such 

legislation was being analyzed. Also, because this ranking system is looking at the overall 

strength of the state’s policies, it is more focused on whether or not a specific feature exists in 

the legislation, and less focused on the granular details of that feature. That is why for most 

subcategory the state will either receive full points if it has the feature, such as excise tax 

deduction, and no points if it does not.  

Table 3.1: CS Policy Scorecard  

Category How to Earn Points Possible Points 

Renewable Energy 

Target Legislation 

If the state has a policy in place setting 

renewable energy targets, like an RPS,  it 

receives full points.  

10 

 

 

Having a solar or distributed generation specific 

goal within the target.  

5 

Legislation for a 

Shared Renewables 

Program 

If the state has passed any legislation for a 

specific program related to distributed or shared 

renewables.  

12.5 

No overall restrictive size limit for projects 

(below 5 MW) 

7.5 

Credit Valuation 

System 

Virtual Net Metering or a similar valuation 

system exists 

12.5 

 

Valuation System is clearly laid out  2.5 
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Potential Customer 

Participation 

All customer classes (residential and 

commercial) are eligible 

5 

Specific Components to encourage low-

moderate income customers 

7.5 

Customer only has to be in the same utility 

service zone as the project 

7.5 

Allows for both subscription and purchase 

model  

5  

Tax Structure, 

Incentives and Grants  

Investment Tax Credit for Solar Projects 2.5 

Property Tax Deductions 2.5 

Income Tax Deduction 2.5 

Excise Tax Deductions 2.5 

State Grant or Rebate Program  5 

System Ownership Facilities can be owned by private companies  5 

Facilities can be owned by private and public 

utilities 

5 

Total The higher the total score, the greater CS 

implementation potential. 

100 
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Explanation and Justification of the Rating System:  

Here I discuss each feature and why it has been determined to be important.  

Renewable Energy Target Legislation: Total Points = 15 

Renewable Energy Targets, such as a Renewable Portfolio Standards (RPS) are very important 

because they show that the state has a clear and quantifiable goal to increase its percentage of 

energy generation from renewables in the future. Although it is certainly possible to have CS 

growth without such a policy, having a mandated increase in renewable energy, in addition to 

requiring more renewables, shows that the state has serious ambition and desire to increase 

renewable energy. Further, because of the fact that this legislation essentially guarantees that the 

state will implement a certain amount of renewable energy in the future, it sets up a more 

predictable and safe business environment for those pursuing the development of projects with 

CS. Recent surveys have shown the strong renewable energy portfolio standards are an important 

aspect for project financiers and developers, both key parties in the further development of CS 

(Pyper, 2018, 1).  In regards to scoring, simply having a piece of legislation with a mandated 

renewable energy target gains the state 10 points, and not having one at all automatically results 

in 0. Within a renewable energy target, a state can specify that a minimum percentage of it must 

come from a certain type of renewable energy. If a state has a minimum solar target, often called 

a “Solar Carve out”, it will gain another 5 point because it has a specific commitment to 

increased solar production. This was also considered to be a key factor in the Center for 

Biological Diversity’s ranking system (Ryan, 2018, 3). The 5 possible points that may have been 

gained from a Solar specific target may also be earned if the state has a distributed generation 

requirement within the RPS.   
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Legislation for a Shared Renewables Program: Total Points = 15 

The first feature of this category is very straight-forward, which is simply whether or not the 

state has passed legislation that specifically sets permits or encourages the development of 

distributed or shared renewables. Although distributed renewable energy, like CS, could 

theoretically develop without such a legislation, it would be extremely difficult for that to happen 

on any sort of a significant scale. Putting a piece of legislation like this in place demonstrates that 

the state is committed to developing a shared renewables program. A state receives the full 12.5 

points if it has any sort of significant legislation related to a CS program. This category is very 

general because many of the other categories contain features that are related to how 

comprehensive and incentivizing the shared renewables program actually is. If a state did not 

have this type of legislation, it is likely that it would lack many of the other features required to 

have a high score, which is why there was not a particularly high weight put into this category. 

Further, every state I will analyze has a shared renewables policy, thus if this category had a 

significantly higher weight it would decrease the possibility for significant derivation of the 

policy score between states.  

Another feature in this category that could be particularly limiting to the growth of CS is 

if there is a relatively small restriction on the overall size limit of distributed solar projects. In 

some states their CS related legislative programs put a cap on how large CS projects can be, thus 

directly limiting their potential energy production and customer reach. This can be particularly 

damaging because economies of scale can potentially work in favor for larger CS projects to 

decrease costs per MW production (IRENA, 2016, 11). For many CS projects it makes sense to 

be relatively small based on its goals. However, having an arbitrary size restriction can 

potentially be detrimental to growth. The IREC rating system considers any size restriction that 
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is less than 5 MW to be detrimental to the policy rating (IREC, 2018, 1). In the solar industry, 5 

MW is often considered to be the cutoff for a project to be large enough to be considered “Utility 

Scale” (IFC, 2015, 4).  Thus, not allowing CS projects greater than 5 MW may potentially 

discourage utility companies from entering the CS market. The rating system uses this same 5 

MW cutoff. If a state does not have a CS project size limit 5 MW or lower, it will receive a full 

7.5 points. However, this category will be an exception to the general trend that a state receives 

either full or no points in a category. Because 2 MW is still above average for a project limit, and 

still a relatively large facility, if a state’s size limit is 2 MW or greater it will receive 2.5 points. 

 

Credit Valuation System: Total Points = 15 

As examined in the literature review, having a credit valuation system, such as Virtual Net 

Metering (VNM) or a Value of Solar Tariff (VOST), is absolutely pivotal for the success of any 

sort of significant CS project. Without such a credit valuation system in place which is reflected 

on the electricity bill of owners of subscribers of a CS facility, subscribers would not have a way 

to experience economic benefits in the form of electricity bill savings from the project. Research 

shows that without a credit valuation system, a CS project would essentially be a non-starter 

(Coughlin et al., 2011, 23). If a state has a credit valuation system in place it will receive 12.5 

points, and if it does not it will receive 0. This 12.5 points could reasonably be interpreted as 

under representative of the total importance of having a credit valuation system. However, 

because every state I am analyzing has such a policy, and any state aiming to implement CS 

should have such a system in place, if this feature was worth significantly more points it make it 

more difficult to find significant variation in scores among states. Within this category, there are 

an additional 2.5 points available to the state if its valuation system is clearly laid out. Clearly 
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laid out means that it is reasonably straight forward to understand how credits will be valued 

based on reading the state’s legislation concerning credit valuation. This feature, which is 

considered in the IREC rating system, does have the potential to be subjective, which is why it is 

not given more of a weight. However, it is certainly important that there is not too much 

ambiguity or confusion in the valuation of credits because this may result in an uncertain 

environment for customers, developers, and financiers. It is important to note that if a state does 

not have a VNM or similar valuation system, it is impossible for it to have one that is clearly laid 

out, thus gaining points from the second feature of this category requires gaining a full 10 points 

from the first feature.  These were also both considered to be key factors in the Center for 

Biological Diversity’s ranking system (Ryan, 2018, 31). 

 

Potential Customer Participation: Total Points = 25 

Allowing varying levels and types of customer participation is key for the development of CS. 

Because CS projects often have multiple subscribers, it is key to have a large pipeline of 

potential customers to encourage growth. There are four major factors, which are significantly 

influenced through legislative policies, that are key to having a high level of potential customer 

participation.  

The first factor in the ranking system is that all customer classes, in this case meaning 

both residential and commercial, are eligible to receive benefits from CS projects. This was 

considered to be a significant factor in the IREC ratings, because restricting either group of 

potential customers would put a significant damper on CS growth potential (IREC, 2018, 1). 

Commercial customers usually have a higher level of energy demand than residential customers, 

but there are often more potential residential customers. If there is no restriction of residential or 
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commercial customer eligibility 5 points are earned. If either are restricted 0 points are earned. 

 The second important factor is if there are specific components in the state legislation that 

encourage low to moderate income customers to subscribe or buy into CS projects. Multiple 

states now have requirements that a certain percentage of subscribers to new CS projects be low 

to moderate income customers. This is meant to facilitate a more equitable distribution of 

benefits across the community.  Depending on one’s economic policy philosophies, this 

requirement could be interpreted as restrictive because it could inhibit developers from making 

larger or faster returns on their investments from wealthier subscribers with larger MW needs. 

However, based on research and in concurrence with the IREC ranking system, having such a 

requirement is a positive for CS development because it ensures that a greater diversity and 

number of people have potential access to CS (IREC, 2016, 6). If the state has incentives or 

requirements in place that encourage LMI earner to join a CS program, the state will receive 5 

points. If there is a specific policy that requires a certain percentage of projects to have low to 

moderate income residential customers, then the state will earn an additional 2.5 points. If it has 

neither, it will earn 0 points. Because the definition of LMI varies between localities, I will give 

deference to each state, such that if the policy says low to moderate Income, I will assume that 

the state has a reasonable definition of low to moderate income. 

Another key feature affecting potential customer participation is related to where 

subscribers property has to be geographically located in order to be eligible to subscribe or buy 

into the CS project. Currently, the least restrictive way to do this, which is the presently the case 

in multiple states, is to only require the customer to be serviced in the same utility zone as the CS 

project. This allows the most flexibility because service zones usually span a relatively large 

geographical area, thus opening up more customers to the project and sometimes allowing them 



 33 

to stay a part of it if they move. If this is the case in the state of interest, it will receive a full 7.5 

points.   

 Again in the spirit of increasing potential customer access, the final feature considered in 

this category is whether the policy allows for the possibility of both a subscription and a 

purchase model for consumers. This is important because a purchase or subscription model is 

preferred by some owners and some customers over the other for a variety of reasons. For 

example, a subscription model allows for a customer who cannot afford to make a large upfront 

payment to receive benefits from a CS project. Conversely, if a project owner could only use a 

subscription model it would require a higher upfront cost investment which could potentially 

limit the types of project developers that could find success in a state. Thus, having both 

ownership models leaves owners and consumers open to pursue the option that better suits their 

needs, resulting in a higher number of potential project developers and consumers.  It is assumed 

that a state allows both types of ownership models unless it is specifically stated that one or the 

other is not available. The full 5 points will be earned if there is no such restriction. 

  

Tax Structure: Incentives, and Grants: Total Points = 15 

Different tax related programs, specifically incentives, credits and grants, can be crucial 

for providing further incentives for the development of any type of project (Ryan, 2018, 6).  As 

CS projects can often be capital intensive upfront with financial benefits taking years to accrue 

for developers and project owners, and many CS projects are being undertaken by small 

companies without large capital reserves, financial incentives are particularly important to spur 

development. The individual features in this category are given a relatively low weight because 
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of there are multiple types of taxes being considered, and because it is relatively uncommon for a 

state to have such policies in place.  

The first feature in this category is if a state has investment tax credits available for solar 

projects. Investment tax credits (ITCs), which allow owners of CS facilities to receive significant 

one-time tax credits equivalent to a portion of installation costs, are particularly important 

because they can help alleviate the high upfront costs of developing a project (Coughlin et al., 

2011, 27).  It is important for this type of tax incentive to exist on the state level because the 

federal investment tax credit is currently decreasing annually and is not scheduled to extended 

beyond 2021 (SEIA, 2019, 1). To remain consistent with the practice of awarding points for the 

existence of a policy and not necessarily how strong that policy may be, a full 2.5 points will be 

awarded to the state if it has had an ITC policy since at least 2018, that will continue to be in 

place until at least 2020.  

Income tax deductions are also a potential strong incentive to encourage CS development 

for the owners of the CS facilities. Because one of the goals of many CS projects is to be 

profitable, it is likely that they will be generating some revenue. This revenue will be subject to 

state, federal, and even potentially city income taxes. In order to alleviate the potential costs to 

project owners, states can offer income tax deductions or credits. If a state offers an income tax 

deduction for revenue generated from distributed energy projects, it will receive 2.5 points.  

 Property tax deductions also have the potential to be a major facilitator of CS growth. 

Property tax is particularly relevant to CS projects because they often take up a large land area 

that either needs to be purchased or leased by the project developer. Property taxes can 

potentially be a costly and also unpredictable parameter of a CS project, as property taxes are 

based on the value of the real property which can change based on what the property is being 
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used for (Coughlin et al., 2011, 30). Because of the potential that property taxes can be a 

significant cost for CS projects, having property tax deductions, exemptions, or some way to 

keep them relatively fixed before and after project is being built, can serve as an incentive to 

encourage the development of more CS facilities. If a state has some sort of property tax 

deduction policy in place, it will receive a full 2.5 points in this category.  

Excise or Sales tax deductions or exemptions, valued at 2.5 points in this ranking system, 

are another important feature that can be beneficial to CS development. Excise or Sales taxes are 

essentially a tax placed on the purchase of a certain good (Mass.gov, 2018).  If a state levied 

excise taxes on some part of a solar panel, it could discourage the purchase of panels, thus 

potentially limiting the size and number of CS facilities. A state will receive full points for this 

category if it either excludes solar energy infrastructure form excise taxes or provides some sort 

of deduction.    

Another important factor within this category is related to whether the State provides a 

grant or rebate program for installed solar capacity. This type of program would either award 

grants to project developers in order to help them offset upfront costs of develop, or provide a 

rebate after the completion of a project. Rebates are typically based on a factor of how 

productive the facility is (Enerysage, 2019, 1). Again, this can be key to help projects with high 

upfront costs and long initial periods without profit. If such a program does exist a state will 

receive 5 points.  

 

Owners / Managers of the Facility: Total Points = 10 

What kind of entity can be the owner of a CS facility, whether it be a private utility, a public 

utility, or a private company has the potential to influence the growth of CS in a particular state. 
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Although not considered in either of the ranking systems I analyzed, the findings of my literature 

review highlighted the importance of what kind of entity is in control of CS projects. Generally, 

for the optimal growth of CS, my rating system takes the point of view that it preferable to have 

less restrictions on what kind of entities can own a CS project. Findings from the literature 

review indicated that both municipal owned and private utilities have a significant interest in CS 

projects, and that municipal utilities have particularly taken charge in a majority of states where 

both types of utilities exist (Funhouser et al., 2015, 5). If a state allows both types of utilities to 

develop and own CS projects then it will receive 5 points. If either is restricted it will receive 0 

points. However, only allowing utilities to own CS projects is potentially restricting to the 

market because it will give them total control over supply of CS projects and the energy supply, 

which could result in a restricted environment for customers, and of course no way for private 

companies to enter the competitive market. Thus, in order to gain an additional 5 points in this 

category, private companies must not be restricted from developing and owning CS projects. If 

such a restriction exists, 0 points will be awarded for this feature. Thus, in order to gain a full 

points in this section, the state’s policy must allow both private and public utilities, as well as 

private companies, to enter the CS market.   
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Chapter 4: State by State Policy Analysis   
  
States of Interest: California, Colorado, Massachusetts, Minnesota, New York 

The states examined and analyzed include California, Colorado, Massachusetts, 

Minnesota, and New York. The reason these five states are the focus of the analysis is that they, 

as of the end of 2018, have the most Megawatts (MWs) of CS installed (Watkins,  2018). There 

are multiple other states that have begun to develop and implement CS policy and projects 

through early 2019, including New Jersey, Illinois, and Maryland among others (Watkins,  

2018). However, because part of the goal of this study is to examine trends and analyze 

qualitative policies in relationship to quantitative data, the five aforementioned states with most 

current implementation and data will be most useful for this study. Fortunately, these states have 

significant differences in their policies and relative success, making for a potentially informative 

analysis. 

The analysis of each state’s policies will be guided by the policy ranking system 

developed in Chapter 3. Below is Table 4.1, a summary table of the results of the policy analysis. 

Table 4.1 indicates how many points were gained by a state in each category as well as the total 

score, which will be the most important value for further analysis in this study. After Table 4.1 

there will be an explanation of key observations from the results, which are then followed by the 

rationale behind the rating scores for each state. Rather than just listing the important policies in 

each state and describing the relevant aspects of them, I go through each policy category 

systematically. This will involve addressing each feature individually, and determining whether 

or not it meets the criteria needed to receive points based on explaining the relevant information 

from one or more of the multiple relevant policies in the state that address the issue.  
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Ratings:    

Table 4.1: Summary Table of Results 
 

State Renewable 
Target 
Legislation 
(15 ) 

Legislation 
for Shared 
Renewable 
Program 
(20) 

Credit 
Valuation 
System 
(15)  

Customer 
Participation 
(25) 

Tax 
Structure 
(15) 

Owners 
and 
Managers  
(10) 

Total 
Score 
(100) 

CA 10 20 15 15 5 10 75 

CO 15 15 15 17.5 5 10 77.5 

MA 15 15 15 22.5 2.5 10 80 

MN 15 15 15 17.5 12.5 10 85 

NY 10 20 12.5 22.5 5 10 80 

 
Based on the results, the state with the highest policy rating is Minnesota, followed by a 

two-way tie for second place between Massachusetts and New York, then Colorado in fourth, 

and finally California in fifth place. Although there is not a large numerical difference, with only 

10 points between the highest rated state and the lowest rated state, this difference is still 

important over an aggregate of 16 different features, where some features were worth as little as 

2.5 points. Furthermore, each state gained full points on the features with the three highest 

numerical values. There are many different aspects of these rating results that could be compared 

and analyzed, but I will highlight a few key differences where certain states stood out, either 

positively or negatively.  

Many of the categories have a lot of similarity in scoring, particularly the first three 

categories and the last category, where there is a maximum of a 5 point difference between any 

state. In the context of these five states, as they are the top five implementers of CS in the nation, 

it makes sense that there a lot of similar scores, especially as the first three categories are the 
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least specific and the majority of those points come from a single feature that is almost 

completely necessary to have a significant CS program. Although no states with close to zero CS 

implementation were examined in this study, it is anticipated that states with little to no CS 

would score low in the first three categories, particularly Legislation for Shared Renewables and 

a Credit Valuation system, as those are essentially necessary to have a substantial CS program. 

Although outside the scope of my focus, this would be something useful for future researchers of 

policy makers to examine. The two categories with the greatest variation are Customer 

Participation and Tax structure. This was also expected because these two categories are more 

granular, and have more features than the other categories. These features are meant to separate 

the good state policies from the great state policies, as some of these features can potentially 

make a large difference in CS in practice. 

 Minnesota had the highest score in the Tax Structure category by far, more than doubling 

the second highest state and putting a 7.5 point difference between it and any other state, On the 

opposite of the end of the spectrum, California scored nearly the lowest in Tax Structure with 

just 5 points, and the lowest in customer participation, lacking key features related to 

geographical eligibility for customers and LMI requirements. Although Massachusetts and New 

York have the same total score, the breakdown of scores between the states is different. MA 

scores slightly lower than NY in Tax Structure and Legislation for Shared Renewables because 

of its project size limit, but makes up for it by scoring higher than NY in Credit valuation 

because of the clarity of its program, and Renewable Target Legislation because of its distributed 

solar specific requirement. The fact that the total policy scores are the same is meant to represent 

that overall, on aggregate between many different features, the state policies related to CS in MA 

and NY are of equally high quality. Colorado, which scores fourth overall, is a consistently good 
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scorer, having neither the lone highest or lowest score in any category. It is important to note that 

the findings here show that none of these states have low policy scores overall, but there is some 

difference between the five states with the greatest CS implementation. Further analysis will 

examine if these total score differences have any correlation with CS implementation amongst 

these states. 

 
Scoring Breakdown by State: 

California: 

Category 1: Renewable Energy Target Legislation: Total Points Received 10/15 

Renewable Energy Target Legislation; Points Received 10/10: 

 California first established a Renewable Portfolio standard in 2002, and it has 

consistently continued to update its standards, now requiring 33 percent of energy to come from 

renewables by the year 2020, and at least 60% by the year 2030 (California Public Utilities 

Commission, 2019). 

Solar or Distributed Generation Specific Goal; Points Received 0/5: 

California currently has neither a solar specific requirement or a distributed generation 

requirement within its Renewable Portfolio Standard (California Public Utilities Commission, 

2019). 

Category 2: Legislation for Shared Renewables Program: Total Points Received 20/20 

Has passed legislation setting up a shared renewables program; Points Received 12.5/12.5: 

 California first passed a Shared Renewables bill in 2012 (California Legislative 

Information, 2012). This program, which also includes a bill known as the Green Tariff Shared 

Renewables Program, has recently been updated to referred to as the Enhanced Community 
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Renewables Program (California Legislative Information, 2014). 

Size limit for projects is not below 5 MW; Points Received 7.5/7.5: 

California has the largest facility size limit in the country, at 20 MW, far exceeding the 5 MW 

threshold (Cook, 2016, 1). 

Category 3: Credit Valuation System: Total Points Received 15/15: 

Virtual Net Metering, or a similar credit valuation system exist; Points Received 12.5/12.5: 

 In 2012, California passed Senate Bill SB 594, which authorized Virtual Net Metering in 

the state. This bill allows the owner of a system to allocate renewable generation credits to 

benefit subscribers or tenants across multiple units (California Public Utilities Commission, 

2012). 

Valuation System is clearly laid out; Points Received 2.5/2.5 

 The way credits are valued is very clearly laid out within SB 594. VNM credits are 

assigned the same value as Net Metering credits, such that the value of the credit is equal to the 

retail rate the customer would have paid for that same amount of electricity that month 

(California Public Utilities Commission, 2012) (IREC, 2018). As a result California receives full 

points for this feature.  

Category 4: Potential Customer Participation: Total Points Received 15/25: 

All customer classes, commercial and residential, are eligible; Points Received 5/5: 

 Both residential and commercial customers are eligible to be customers of a CS facility in 

California. Although there are some caps on how large of a share commercial entities can fill, 

California still receives full points for this feature (California Legislative Information, 2014). 

Encourages or requires low-moderate income customers; Points Received 5/7.5: 

             Under the Green Tariff Shared Renewables Program, California requires that at least 100 
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MW of the first 600 MW of installed CS is in disadvantaged communities (California Legislative 

Information, 2014). However, it is important to note that the language of this requirement does 

not specify any requirement for those subscribers to be low to moderate income consumers. 

However, because of California’s requirement that subscribers must live “reasonably proximate” 

to facilities, it thus implies that some of the subscribers will likely be low to moderate income 

earners. Because there is no guarantee of this, California will only receive 5 points because this 

program encourages, but does not require LMI customers. 

Customer only has to be in the same utility service zone as project; Points Received 0/7.5: 

According to the Green Tariff Shared Renewable program, community solar facilities 

must be reasonably proximate to its subscribers. This is vague and potentially much more 

restrictive than only requiring customers to be in the same utility service zone as the project. 

Thus, California receives 0 points for this category.  

Allows for both a purchase or subscription model: Points Received 5/5: 

 California does allow both the purchase and subscription model for CS, thus the full 

points are earned for this feature (California Legislative Information, 2014). 

Category 5: Tax Structure, Incentives, and Grants: Total Points Received 5/15 

Has an investment tax credit system for Solar project; Points Received 0/2.5: 

 Although California does provide some investment tax credits to certain types of business 

and manufacturers, no income tax credit system currently applies to Solar facilities in the state. 

Thus, no points are earned in this category (California Franchise Tax Board, 2018). 

Has Property Tax Deductions; Points Received 2.5/2.5: 

           Section 73 of the California Revenue and Taxation code allows a property tax exclusion 
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for solar facilities built before 2024, in the amount of 100% of the value that the system adds to 

the property (California State Board of Equalization, 2011). 

Has Income Tax Deductions; Points Received 0/2.5: 

 Although California does provide some income tax deductions to certain types of 

business and manufacturers, no income tax deduction system currently applies to Solar facilities 

in the state. Thus, no points are earned in this category (California Franchise Tax Board, 2018). 

Has Excise Tax Deductions; Points Received 2.5/2.5 

 Under Assembly Bill 398, the California legislature implemented an approximately 50% 

cut in the sales tax on the purchase of solar panels and other pieces of equipment used to 

generate renewable energy.  This bill has been extended to be valid until 2030 (California 

Legislative Information, 2017). Thus full points are earned for this feature. 

State Grant or Rebate Program; Points Received 0/5 

 Although California does have rebates available for residential solar systems, it does not 

currently have rebates available for CS facilities (California Legislative Information, 2014). 

Category 6: Owners / Managers of the Facility: Total Points Received 10/10 

Facilities can be owned by private companies: Points Received 5/5 

 Privately owned companies may, and do own CS facilities in California (California 

Legislative Information, 2014). 

Facilities can be owned by public and private utilities: Points Received 5/5 

 Both private and publically owned utilities may own community solar projects in 

California (California Legislative Information, 2014). 
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Colorado: 

Category 1: Renewable Energy Target Legislation: Total Points Received 15/15 

Renewable Energy Target Legislation; Points Received 10/10: 

In 2004, Colorado passed its Renewable Energy Standard (RES) . It has since updated 

those standard periodically, and now requires that the state must generate 30% of its electricity 

from renewable energy by the 2020 (Colorado Energy Office, 2019). 

Solar or Distributed Generation Specific Goal; Points Received 5/5: 

 Colorado has a distributed generation requirement incorporated into its RES. The current 

requirement for distributed generation is to have at least 3% of electricity production come from 

distributed generation by 2020. However, although this earns Colorado full points, there is no 

solar requirement (Colorado Energy Office, 2019). 

Category 2: Legislation for Shared Renewables Program: Total Points Received 15/20 

Has passed legislation setting up a shared renewables program; Points Received 12.5/12.5: 

 Colorado first passed legislation enabling a shared Renewables Program in 2011 with 

House Bill 10-1342, known as the Colorado Community Solar Gardens Act. This act enabled 

and helped put into place a framework for CS to be established and grow in the state (Colorado 

General Assembly, 2013).  

Size limit for projects is not below 5 MW; Points Received 2.5/7.5: 

 Under the Colorado Community Solar Gardens Modernization Act, the current size limit 

for a CS project is 2 MW, thus Colorado earns just 2.5 points in this category (Cook, 2016, 1). 

However, a new piece of legislation, HB19-1003, referred to as the Community Solar Gardens 

Modernization Act, has proposed increasing the size limit to 10 MW. As of February 9, 2019, 
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this bill is currently under consideration, so this size limit could potentially change soon 

(Colorado General Assembly, 2019). 

Category 3: Credit Valuation System: Total Points Received 15/15: 

Virtual Net Metering, or a similar credit valuation system exist; Points Received 12.5/12.5: 

 Net Metering Legislation has been around in Colorado since 2005 when legislation 

permitting it was approved the Colorado Public Utilities Commission, after it was approved in a 

ballot by voters in 2014 (Energy.gov, 2018). Although currently VNM is allowed in this 

regulation for distributed solar energy projects, Colorado receives the full 10 points because solar 

projects are the only type relevant to this study.  

Valuation System is clearly laid out; Points Received 2.5/2.5 

 The valuation system is clearly laid out in the legislation such that it is clearly applicable 

to distributed solar projects, and so that it is understood that renewable energy credits are equal 

to the retail rate of electricity (Energy.gov, 2018). 

Category 4: Potential Customer Participation: Total Points Received 17.5/25: 

All customer classes, commercial and residential, are eligible; Points Received 5/5: 

 Under the Colorado Community Solar Gardens Act, both commercial and residential 

customers are eligible to participate in CS programs. There must be at least 10 subscribers for the 

solar facility to be considered CS (Colorado General Assembly, 2013).  As a result full points are 

received in this category.  

Encourages or requires low-moderate income customers; Points Received 5/7.5: 

 In 2015, the Colorado Energy office launched a program called the Low Income Shared 

Solar Demonstration Project, which includes 12 CS systems that are intentionally targeting low 

income subscribers, and require that a certain percentage of customers are LMI earners. 
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However, this percentage has not yet been specified, so Colorado will uniquely receive 5 out of 

7.5 points because although it requires and encourages LMI customers, the requirement has not 

yet been fully confirmed (Colorado Energy Office, 2019) (Cook, 2016, 1). 

Customer only has to be in the same utility service zone as project; Points Received 2.5/7.5: 

Currently under the Community Solar Gardens act, a CS subscriber must be in the same 

county, or county adjacent to the CS project.  However, a new piece of legislation, HB19-1003, 

referred to as the Community Solar Gardens Modernization Act, has proposed changing the 

requirement to only being in the same utility service zone as the project. As of February 9, 2019, 

this bill is currently under consideration, so this location requirement could potentially change 

soon (Colorado General Assembly, 2019). Because of the restrictive nature of this requirement, 

only 2.5 out of 7.5 points are received.  

Allows for both a purchase or subscription model: Points Received 5/5: 

Under the Colorado Community Solar Gardens Act, there is no restriction against 

allowing both the purchase or subscription model for CS (Colorado General Assembly, 2013). 

As a result full points are received in this category. 

Category 5: Tax Structure, Incentives, and Grants: Total Points Received 5/15 

Has an investment tax credit system for Solar project; Points Received 0/2.5: 

 There are currently no state investment tax credits available in Colorado for CS projects 

(Colorado Department of Revenue, 2018). Just like in any other state, Colorado’s CS facilities 

are eligible for the Federal investment tax credit, but because nothing is available from the state, 

Colorado receives no points for this feature.  

Has Property Tax Deductions; Points Received 2.5/2.5: 

            The Colorado Department of Revenue has created a clause in the tax code which provides 
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a property tax deduction that allows owners of solar facilities to exclude the added value of the 

solar facility from their property for the purpose of tax determination (Colorado Department of 

Revenue, 2018). As a result the full 2.5 points are earned for this feature. 

Has Income Tax Deductions; Points Received 0/2.5: 

 Although Colorado does provide some income tax deductions to certain types of business 

and manufacturers, no income tax deduction system currently applies to Solar facilities in the 

state. Thus, no points are earned in this category (Colorado Department of Revenue, 2018). 

Has Excise or Sales Tax Deductions; Points Received 2.5/2.5 

Colorado has a sales tax exemption for the purchase of necessary items for a solar field, 

like solar panels. Although sales tax is just 2.9% in Colorado is just this can represent a 

significant savings (Colorado Department of Revenue, 2018).  As a result the full 2.5 points are 

earned for this feature. 

State Grant or Rebate Program; Points Received 0/5 

 Currently, the state of Colorado does not offer grants or rebates and CS facilities. The 

only currently active grant or rebate programs apply to residential solar installations, and these 

rebates are provided from installers or utilities (Colorado Energy Office, 2019).  As a result, 0 

points are earned for this feature.  

Category 6: Owners / Managers of the Facility: Total Points Received 10/10 

Facilities can be owned by private companies: Points Received 5/5 

 Private companies are permitted and do currently own CS sites in Colorado, thus full 

points are received for this feature (Colorado General Assembly, 2013).  
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Facilities can be owned by public and private utilities: Points Received 5/ 5 

Colorado has multiple private and publically owned utilities, and both are permitted and 

to and currently do own CS facilities (Colorado Energy Office, 2019). 

 

Massachusetts: 

Category 1: Renewable Energy Target Legislation: Total Points Received 15/15 

Renewable Energy Target Legislation; Points Received 10/10: 

Massachusetts has a well-developed RPS, which is divided into two classes. Class 1 

refers to new resources and Class 2 refers to existing resources. The RPS requires that 15% of 

energy production comes from renewables by 2020, and then requires a 1% increase each year 

thereafter (Mass.gov, 2019).  

Solar or Distributed Generation Specific Goal; Points Received 5/5: 

Massachusetts has both a solar carve-out and a solar distributed generation specific carve 

out. This carve out was first adopted in 2010, which required over 650 MW of new distributed 

solar PV energy facilities across the state (Mass.gov, 2019). 

Category 2: Legislation for Shared Renewables Program: Total Points Received 15/20 

Has passed legislation setting up a shared renewables program; Points Received 12.5/12.5: 

 Massachusetts has implemented multiple pieces of legislation that specifically enable a 

CS program. The first of these was the 2008 Green Communities act, which made VNM 

possible. It has also recently incorporated the Virtual Net Metering and Neighborhood Net 

Metering acts of 2016 into state legislation, further expanding the capabilities of the CS program 

to grow in the state (Mass.gov, 2019). The state also has implemented special Solar Carve Out 
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Programs, SREC I and SREC II, which provide further incentives for the development of CS 

projects in the state (Mass.gov, 2018). 

Size limit for projects is not below 5 MW; Points Received 2.5/7.5: 

 Currently, according to the Neighborhood Net Metering Act virtual net metering is 

limited only to projects below 2 MW of production, thus resulting in size limit for CS projects in 

Massachusetts of just 2 MW (Cook 1, 2016) (MA.gov, 2016).  As a result Massachusetts will 

receive just 2.5 points in this category.  

Category 3: Credit Valuation System: Total Points Received 15/15: 

Virtual Net Metering, or a similar credit valuation system exist; Points Received 12.5/12.5: 

 Through the 2016 Neighborhood Net Metering Act, MA allows virtual net metering for 

CS projects as long as they meet the minimum qualification of serving a group of 10 or more 

residential customers that are served by the same utility. As long as these base requirements are 

met, the facility may also serve commercial customers. However, as discussed previously, the 

VNM is limited to projects of 2 MWs or less.  

Valuation System is clearly laid out; Points Received 2.5/2.5 

 The VNM requirements and program layouts are explained clearly in the 2016 and there 

are multiple resources on the state website explaining net metering and VNM is in greater depth 

to help customers and project owners to understand the system (MA.gov, 2019) (MA 

Legislature, 2016). 

Category 4: Potential Customer Participation: Total Points Received 22.5/25: 

All customer classes, commercial and residential, are eligible; Points Received 5/5: 

 Both residential and commercial customers are eligible to be a part of a CS project. As 
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long as there are at least 10 residential customers, then commercial customers are eligible to 

participate (MA Legislature, 2016). 

Encourages or requires low-moderate income customers; Points Received 5/7.5: 

 Under the new Solar Massachusetts Renewable Target (SMART) program, the 

Massachusetts Legislature has implemented multiple incentives for CS projects to incorporate 

more LMI earners into their programs, such as offering higher compensation rates for energy 

credits provided to LMI earners (Low Income Solar, 2019, 1). However, because this program 

encourages, but does not require LMI customer, Massachusetts receives 5 points. 

Customer only has to be in the same utility service zone as project; Points Received 7.5/7.5: 

Although Massachusetts legislation limits participation to a loosely defined 

“neighborhood,” this is defined very ambiguously (MA Legislature, 2016). As a result, in 

practice, this definition has expanded to mean the same utility service zone as the project and CS 

owners throughout the state operate under this definition (Cook, 2, 2016). Because of how the 

definition of neighborhood is used in practice, Massachusetts gets the full 7.5 points for this 

feature.  

Allows for both a purchase or subscription model: Points Received 5/5: 

The subscription and purchase model are both permitted under the current Virtual Net 

Metering and Neighborhood Net Metering acts (MA Legislature, 2016). As a result, MA receives 

full points for this feature. 

Category 5: Tax Structure, Incentives, and Grants: Total Points Received 2.5/15 

Has an investment tax credit system for Solar project; Points Received 0/2.5: 

 Although MA has multiple investment tax credit systems in place, such as for agricultural 

or commercial fishing corporations, investment tax credits like these are not applicable for solar 
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energy projects (Massachusetts Department of Revenue, 2019).  

Has Property Tax Deductions; Points Received 0/2.5: 

 Although MA does provide property tax deductions for some solar facilities, the law 

limits this to solar facilities that are exclusively powering the home of the owner, thus restricting 

this deduction to residential solar (Massachusetts Department of Revenue, 2019). Because the 

deduction cannot apply to CS facilities, Massachusetts receives no points for this feature. 

Has Income Tax Deductions; Points Received 0/2.5:  

 Similarly to Property Tax Deductions, MA also has an energy income tax credit that is 

only applicable for a solar facility installed on an individual’s primary residence (Massachusetts 

Department of Revenue, 2019). Because the deduction cannot apply to CS facilities, 

Massachusetts receives no points for this feature. 

Has Excise or Sales Tax Deductions; Points Received 2.5 /2.5 

Massachusetts has a sales tax exemption for the purchase of necessary items for a solar 

field, like solar panels. Because sales tax is 6.25% in Massachusetts, this represents a significant 

savings. The full 2.5 points are earned for this feature (Massachusetts Department of Revenue, 

2019).  

State Grant or Rebate Program; Points Received 0/5 

 Although there are currently some grant and rebate programs in Massachusetts, they are 

all currently restricted to residential or commercial onsite solar facilities, and thus CS is not 

eligible (MassDOER, 2019). 
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Category 6: Owners / Managers of the Facility: Total Points Received 10/10 

Facilities can be owned by private companies: Points Received 5/5 

 Private companies are permitted to and do currently own CS sites in Massachusetts, thus 

full points are received for this feature (MassDOER, 2019). 

Facilities can be owned by public and private utilities: Points Received 5/ 5 

 Massachusetts has multiple private and publically owned utilities, and both are permitted 

and to and currently do own CS facilities (MassDOER, 2019). 

 

Minnesota: 

Category 1: Renewable Energy Target Legislation: Total Points Received 15/15 

Renewable Energy Target Legislation; Points Received 10/10: 

 Minnesota first adopted a voluntary RPS in 2001, but in 2007 the state first updated it to 

become a requirement. Its RPS now requires that at least 25% of retail electricity sales are 

generated from eligible renewable energy by 2025  (US Department of Energy, 2019). 

Solar or Distributed Generation Specific Goal; Points Received 5/5: 

 In 2013, Minnesota passed legislative bill H.F. 729, creating a solar carve out like policy, 

requiring that all public utilities have 1.5% of retail electricity sales generated or procured by 

solar energy by the year 2020. It also set a requirement that 10% of all retail electric sales come 

from solar energy by the year 2030 (US Department of Energy, 2019). 

Category 2: Legislation for Shared Renewables Program: Total Points Received 15/20 

Has passed legislation setting up a shared renewables program; Points Received 12.5/12.5: 

Minnesota has passed multiple pieces of Legislation enabling a Renewables Program. 

Minnesota first implemented Community Solar Garden Legislation in 2013, and it has since been 
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updated to be more comprehensive in 2018, with legislative bill 216B.1641 “Community Solar 

Gardens” (Office of the Revisor of Statutes, 2018). This program is also sometimes referred to as 

the Minnesota Solar*Rewards Community Program 

Size limit for projects is not below 5 MW; Points Received 2.5/7.5: 

Minnesota currently has a project size limit above 2 MW, but less than 5 MW, thus 

awarding it 2.5 points in this category. However, there is a potential legislative change to 

decrease this size limit to 1 MW, which could potentially result in a loss of these points in the 

future (Cook, 2016, 1). 

Category 3: Credit Valuation System: Total Points Received 15/15: 

Virtual Net Metering, or a similar credit valuation system exist; Points Received 12.5/12.5: 

 Minnesota implemented the first net metering law in the country in the year 1983, and it 

has language enabling VNM built in. VNM was not taken advantage of broadly until 2014 when 

Xcel Energy, a large private utility company, launched its Solar Rewards Community program 

(DSIRE, 2018, 2). 

Valuation System is clearly laid out; Points Received 2.5/2.5 

 The valuation system for VNM credits is clearly laid out such that it is specified that 

credits are worth the appropriate retail rate of energy in the service area that they are being 

provided in. Minnesota has finalized and approved an optional methodology for a different 

valuation system known as the value of solar tariff, but no utility has yet chosen to incorporate 

this valuation methodology.  

Category 4: Potential Customer Participation: Total Points Received 17.5/22.5: 

All customer classes, commercial and residential, are eligible; Points Received 5/5: 
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 Both residential and commercial customers are eligible for CS projects in Minnesota. As 

a result a full 5 points are received for this feature. However, the one caveat to this is that no one 

customer can obtain more than 40% of the project  (DSIRE, 2018, 2). 

Encourages or requires low-moderate income customers; Points Received 5/7.5: 

            Although Minnesota does not yet require a certain percentage of CS customers to be low-

moderate income (LMI) earners, it has recently implemented a program called Connecting Low-

Income Communities through Efficient and Renewable Sources (CLICERS). One of the mains 

stated goals of this program, which was released in 2018 and is beginning implementation in 

2019, is to “expand access to Community solar gardens for income-eligible households.” 

Minnesota gained funding for this program from a US Department of Energy Grant (Minnesota 

Commerce Department, 2019). Because this program encourages, but does not require LMI 

customers, Minnesota receives 5 points. 

Customer only has to be in the same utility service zone as project; Points Received 2.5/7.5: 

Under current law in Minnesota, in addition to being in the same utility service zone as 

the CS project, the customer must be located in the same county or a county bordering where the 

facility is (DSIRE, 2018, 2). Because of the restrictive nature of this requirement, Minnesota 

only receives 2.5 points for the category. 

Allows for both a purchase or subscription model: Points Received 5/5: 

 The most common customer model in Minnesota is the subscription model, because the 

state’s largest utility, XCEL, which owns most of the state’s CS projects, choses to use the 

subscription model. However, despite this current situation, there is nothing in legislation that 

prohibits a purchase model, and it does exist on a smaller scale in electric cooperatives (Marsh, 

2018, 2). Thus, Minnesota receives a full 5 points for this feature.  



 55 

Category 5: Tax Structure, Incentives, and Grants: Total Points Received 12.5/15 

Has an investment tax credit system for Solar project; Points Received 0/2.5: 

 Although the Minnesota has multiple tax credit systems in place, like a Tax Increment 

Financing program that helps development authorities make public improvement, investment tax 

credits like these are not applicable for solar energy projects (Minnesota Employment and 

Economic Development, 2019). 

Has Property Tax Deductions; Points Received 2.5/2.5: 

 Property Tax Deductions are currently available for Solar Projects under 1 MW. This 

allows owners of solar facilities to exclude the added value of the solar facility from their 

property for the purpose of tax determination (Minnesota Commerce Department, 2, 2018). 

Although some CS projects in the state are larger than this size, many are eligible, and as 

Minnesota is potentially reducing the maximum size allowed for CS projects down to 1 MW, 

there is even more reason to award full points (Minnesota Commerce Department, 2, 2018). 

Has Income Tax Deductions; Points Received 2.5/2.5: 

Although Minnesota does not offer a traditional income tax credit, it does allow income 

generated from the production of solar credits to be taken directly off the owners tax payment, 

meaning the owner is not taxed on the income gained from the solar facility (Minnesota 

Commerce Department, 2, 2018). 

Has Excise or Sales Tax Deductions; Points Received 2.5/2.5 

 Minnesota also has a sales tax exemption for the purchase of necessary items for a solar 

field, like solar panels. Because sales tax is 7% in Minnesota, this represents a significant 

savings. The full 2.5 points are earned for this feature (Minnesota Commerce Department, 2, 

2018). 
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State Grant or Rebate Program; Points Received 5/5 

 Minnesota also earns the full 5 points in this category, although it is important to note the 

nature of the grant or rebate programs in the state. Although the state itself does not provide 

rebates directly, private utilities, which are regulated by the state’s commerce department, 

provide various forms of cash rebates and incentive structures for the development of solar 

facilities (Minnesota Commerce Department, 1, 2018). 

Category 6: Owners / Managers of the Facility: Total Points Received 10/10 

Facilities can be owned by private companies: Points Received 5/5 

 CS facilities can be owned by private companies in Minnesota. It is currently the most 

common ownership model, and many of these facilities are owned by private companies which 

provide the power to the private utility Xcel, but handle the customer interaction and make profit 

themselves (Minnesota Attorney General Office, 2019). Full points are received for this feature. 

Facilities can be owned by public and private utilities: Points Received 5/5 

 Although there are relatively few publically owned Utilities in Minnesota, there is 

nothing restricting them from owning CS facilities. Private utilities can own CS facilities and 

some currently own many (Minnesota Attorney General Office, 2019).  Full points are received 

for this feature. 

 

New York:  

Category 1: Renewable Energy Target Legislation: Total Points Received 10/15 

Renewable Energy Target Legislation; Points Received 10/10: 

 In 2016, the State of New York passed a RPS like program called New York’s Clean 

Energy Standard (CES). This program sets an aggressive target schedule with a requirement of 
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having 70% of NY’s electricity come from renewable energy sources by the year 2030 

(NYSERDA, 2019). 

Solar or Distributed Generation Specific Goal; Points Received 0/5: 

Despite its ambitious targets for overall renewable energy production by the year 2030, 

the state has neither a carve out for solar nor a carve out for distributed generation (NYSERDA, 

2019). 

Category 2: Legislation for Shared Renewables Program: Total Points Received 20/20 

Has passed legislation setting up a shared renewables program; Points Received 12.5/12.5: 

 In 2015, the State of New York Public Service Commission passed an order to establish 

the New York Community Distributed Generation Program. This program enabled many of the 

factors needed for CS, while setting out a broad array of frameworks that CS facilities would 

need to follow (New York Public Service Commission, 2015). There have been multiple updates 

to the program since then, which have been encouraged through New York’s Reforming the 

Energy Vision Program.  

Size limit for projects is not below 5 MW; Points Received 7.5/7.5: 

 The current maximum size of a CS project in NY is 5 MW, thus the state will receive all 

7.5 points in this category. Initially in 2015 this limit was established at 2 MW, but in 2018 the 

New York State Public Service Commission, with support from both Solar Industry and 

governmental organizations, passed a law change to allow projects to be up to 5 MW (Cook, 

2016, 2) (Lillian, 2018, 1). 

Category 3: Credit Valuation System: Total Points Received 12.5/15: 

Virtual Net Metering, or a similar credit valuation system exist; Points Received 12.5/12.5: 
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 In the 2015, the New York Community Distributed Generation Program implemented a 

virtual net metering system referred to as Neighborhood Net Metering. It established the state’s 

framework for credit valuation, such that credits are worth the market rate of the energy (New 

York Public Service Commission, 2015).  In 2018, the state of NY implemented a new credit 

valuation system called the Value of Distributed Energy Resources (VDER). This system assigns 

special weights to energy credits based on various factors like the avoided carbon emissions of 

the energy, its current wholesale price, and its cost saving to customers and utilities (NYSERDA, 

2018). 

Valuation System is clearly laid out; Points Received 0/2.5: 

 As a result of the implementation of the VDER valuation system, New York’s credit 

valuation system is no longer clearly laid out and easy to understand. As a result of how many 

factors go into the value determination, it has resulted in a significant amount of confusion and 

uncertainty for customers and project owners alike. This confusion has a danger to slow CS 

progress (IREC, 2018).  It is important to note that I am not implying that VDER is a bad 

valuation system, just that it is currently confusing to many.  

Category 4: Potential Customer Participation: Total Points Received 22.5/25: 

All customer classes, commercial and residential, are eligible; Points Received 5/5: 

 Under New York’s Community Distributed Generation program, both commercial and 

residential customers are eligible to be a part of a CS program. No single customers is allowed to 

receive greater than a 40% share of the energy credits produced by the solar facility (New York 

Public Service Commission, 2015, 8). As a result of this eligibility requirement, New York 

receives full points for this feature.  

Encourages or requires low-moderate income customers; Points Received 5/7.5: 
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 Under New York’s Community Distributed Generation program, there is a strong focus 

on ensuring that low income earners have a greater opportunity to participate in Community 

Solar programs. This included giving preference to projects that had at least 20% LMI 

customers, and creating a working group to identify barriers to entry for potential LMI customers 

(New York Public Service Commission, 2015, 24). New York has also recently implemented 

some financial incentives to help LMI customers receive greater savings (NYSERDA, 2019). 

However, there is currently nothing that requires that a certain percentage of customers of CS 

facilities are LMI earners, thus NY receives 5 out of 7.5 points because it encourages but does 

not require LMI customers.  

Customer only has to be in the same utility service zone as project; Points Received 7.5/7.5: 

Under New York’s Community Distributed Generation program, a customer of a CS 

facility only has to be in the same utility service zone as the project (New York Public Service 

Commission, 2015,12) (Cook, 2018, 1). As a result, New York receives a full 7.5 points for this 

feature.  

Allows for both a purchase or subscription model: Points Received 5/5: 

New York’s Community Distributed Generation allows CS facility owners to offer both a 

subscription and a purchase model, and currently both options exist for many potential customers 

throughout the state (New York Public Service Commission, 2015, 4). 

 

Category 5: Tax Structure, Incentives, and Grants: Total Points Received 5/15: 

Has an investment tax credit system for Solar project; Points Received 0/2.5: 

 Although New York does offer a 25% tax credit for solar installations, this is limited to 

solar systems installed on one’s primary residence, and CS is explicitly excluded from this tax 
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credit (NY-Sun, 2019). As a result, New York receives no points for this feature 

Has Property Tax Deductions; Points Received 2.5/2.5: 

New York offers a Property Tax exemption for the value added by the solar facility to the 

property (NY-Sun, 2019). It is unclear how likely a CS project is to be granted this exemption, 

but because it is not explicitly stated that CS projects are not eligible, the fact that possibility 

exists earn New York full points for this feature.   

Has Income Tax Deductions; Points Received 0/2.5: 

 The State of New York does not currently offer any income tax deductions related to CS 

or more generally, solar energy at all (Department of Taxation and Finance, 2018). New York 

receives no points for this feature.  

Has Excise or Sales Tax Deductions; Points Received 2.5/2.5 

 New York has a sales tax exemption for the purchase of necessary items for both 

commercial and residential solar fields (Department of Taxation and Finance, 2018).  In most 

New York counties the sales tax rate is 4%, so this can represent a significant savings. As a 

result, New York earns full points for this feature.   

State Grant or Rebate Program; Points Received 0/5 

 New York does currently offer a Solar Rebate system in the form of a solar energy 

system, credit. However, this credit does not apply to CS as it is only for residential solar 

facilities and can only cover a maximum of $5,000  (NY-Sun, 2019).  Because the rebate is not 

relevant to CS, New York receives no points for this feature.  
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Category 6: Owners / Managers of the Facility: Total Points Received 10/10 

Facilities can be owned by private companies: Points Received 5/5 

Private companies are permitted and do currently own CS sites in New York, thus full points are 

received for this feature (NYSERDA, 2019). 

Facilities can be owned by public and private utilities: Points Received 5/ 5 

 New York has multiple private and publically owned utilities, and both are permitted and 

to and currently do own CS facilities (NYSERDA, 2019). 
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Chapter 5: CS Implementation Data by State:  

Overview: After the examination of policies relevant to CS and determining which policies each 

state has, the next step is to quantify how much CS is occurring in each state, both in terms of 

overall projects, but more importantly total MW production of energy. Through various sources, 

including state energy websites and expert researchers, I was able to compile data on CS energy 

production in MWs for each of the five states of interest. However, because of the significant 

variations between the potential solar capacity of each state, I additionally wanted to be able to 

normalize CS production based on solar potential. Otherwise, it could potentially be misleading 

to compare the outcomes of states with completely different resources. Thus, in order to do this I 

determined the total annual average solar resources of each state. Because this data has not been 

previously compiled at a state by state level, I had to create it by manipulating data from the 

National Renewable Energy Lab of the annual average direct normal irradiance for the entire 

U.S, which is averaged over surface cells of 0.1 degree in latitude and longitude, or about 10 km 

in size. Direct normal irradiance, which measures the amount of solar radiation in watts per 

square meter, received over a set area of land, will be the measure used for total solar potential in 

this thesis (NREL, 2018, 1). Using the software ArcMap, I was able to do a spatial join of these 

surface cells with a shapefile of the border of each state. After completing the join, I was able to  

summarize the statistics from the attribute table in order to find the total annual average daily 

solar resource of each state. The data sources and calculation processes involved will be 

explained in more detail later in this chapter. 

Then, because it would not be completely fair to consider the solar potential without 

taking into consideration the resources a state has to utilize its solar potential, I decided 

normalize the annual average daily solar resource based on the total population of the state.  I 
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used the total population of the state as a proxy for this, as it could be representative of both the 

resources a state has as well as its need to develop this solar potential. I represented population in 

thousands, because it made numbers are more similar factor to the solar potential value, thus 

making the normalized ratio between them easier to work with. Since Solar potential is being 

interpreted as more difficult to utilize with a lower population, it will be normalized into a new 

value called “Normalized Population Potential” which will be calculated by dividing population 

by solar potential. This value will represent how much potential solar energy there is per person 

in the state. A low ratio is meant to represent that it is relatively difficult for a state to utilize its 

level of potential based on its resources and demand, which is what population is a proxy for. 

Thus, when ultimately determining the Normalized Installed Community Solar Capacity, 

because the normalized population potential is in the denominator, the lower its value, the greater 

the normalized installed capacity will be. This means that a certain number of MW of CS in a 

state with a lower normalized population potential will yield a higher value than the same 

number of MW produced in a state with a relatively higher normalized potential.   

Finally, the most important number from this calculation will be referred to as the 

“Normalized Installed Community Solar Capacity,” which will be calculated by dividing the 

Total MW of Installed Community Solar by the “Normalized Potential.” This final number will 

be analyzed in the next chapter in relation to the Policy Score of each state in Chapter 4 in order 

to examine the relationship between installed CS and how effective each State’s policies should 

be based on my ranking system. I will also compare the policy score with the non-normalized 

Total MW of Installed Community Solar for each state as well.  

The following page will summarize the relevant data in two tables, and the data sources are 

described later in the chapter. 
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Table 5.1 : MWs, Population, and Potential 

State Total MW of  

Community Solar 

 

State Population 

(in thousands) 

Solar Potential  

(Total Direct Normal 

Irradiance) 

California 112  39,557 30,099 

Colorado 70 5,695  18,476 

Massachusetts 204  6,902 4,700 

Minnesota 505 5,611 11,709 

New York 292 19,542 6,639 

 

Table 5.2: Normalization Values 

State Normalized Population 

Potential (Population / 

Potential ) 

Normalized Installed Community 

Solar Capacity 

( MW of CS / Normalized 

Population Potential ) 

California 1.28 87.5 

Colorado 0.31 225.8 

Massachusetts 1.47 138.8 

Minnesota 0.48 1,052.1 

New York 2.94 99.3 

 

There are some key observations from these tables worth taking into consideration. In terms of 

total MW of installed CS, MN is the leader, with nearly two times as much implemented as 
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second place NY. MA follows closely behind NY with about two thirds as much production. 

California, then ultimately Colorado, lag significantly behind with about a fifth as much 

production as Minnesota. Solar potential and population both follow a significantly different 

pattern, which is why normalization is so important. CA has by far the greatest solar potential, 

with close to double as second ranked CO, and close to triple as third ranked MN. New York is 

slightly above MA in the last two spots. However, as population is meant to serve as a proxy for 

resources available to take advantage of CS and need for CS to drive implementation, it is very 

important to examine as well. Population follows a different distribution, with CA still greatest 

with nearly 40 million, followed by NY with about half as much, then MA, CO, and MN that are 

all separated by less than 1.4 million. This leaves NY with the highest Normalized population 

potential, which is calculated by dividing population by potential, at 2.94. NY is then followed 

by MA with 1.47, then CA with 1.28, MN with 0.48, and finally CO with 0.31. As normalized 

installed CS capacity has normalized population potential in the denominator, the lower this 

ratio, the greater Installed CS will be multiplied by. The results of the calculation show that MN, 

which has highest CS implementation and the second lowest normalized population potential, 

has the greatest normalized installed CS capacity with 1,052.1. This is four times greater than 

second place Colorado with 225.8. Third through Fifth is separated by only about 50 points, with 

the order being MA at 138.8, NY at 99.3, then finally CA at 87.5.  

Data Collection: 

I have included a map below, Figure 5.1, that shows the national annual average direct normal 

irradiance, the measure being used for solar potential. This map was made using the software 

ArcMap 10.6.1, and is intended to provide the reader with some reference for how solar potential 

varies throughout the nation and the states of interest. State borders are added to the map for 
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California, Colorado, Minnesota, New York, and Massachusetts to illustrate both the varying 

size and varying solar potential of the states.  

Figure 5.1: National Map of Annual Average Solar Potential 

 

 

Calculating Solar Potential: 

The process of generating this above map, and ultimately the solar potential of each state in the 

measure of total annual direct normal irradiance, involved using data from multiple different 

sources and the GIS software ArcMap 10.6.1. First, the National Renewable Energy Lab 

(NREL), had a shapefile with data for parcels throughout the United States of 0.1 degrees 
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latitude by 0.1 degrees longitude, approximately 10 km in size. This data provided the annual 

average amount of solar irradiance each day for each of these parcels. The next step was to 

import shapefiles of the border of each state of interest. The MA shapefile was downloaded from 

Mass GIS, the CO shapefile was available from the Colorado Department of Public Health and 

Environment, the CA state boundary was downloaded from the California open data portal, the 

NY shapefile was downloaded from NY State GIS, and the MN shapefile was downloaded from 

the MN Natural Resource Department. I display all of this data together to create Figure 5.1 

above, and set the symbology of the map to represent the annual average solar irradiance of each 

parcel based on the color scheme in the legend. Dark green represents low solar potential, with 

potential increasing from light green to yellow to orange to red. This map is an important visual 

representation of how much solar potential varies throughout the US, and why some states have a 

significant advantage over others. It is important to note that because of the projection system of 

the data and because there is data beyond the coast, the shape of the country and states appear 

slightly distorted, but this has no influence on the results because the distortion is consistent 

throughout. 

I was then able to execute a spatial join between each of the state boundaries and the 

solar irradiance parcels. This organized that data such that every parcel included in each of the 

state boundaries was grouped together. With this data now organized as such, from the attribute 

table of the shapefile I was able to run the statistics tool on the average solar irradiance 

characteristic, and find the sum of solar irradiance for the parcels in each state.  The value for 

each state was listed in the table above as “Solar Potential.”  
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Determining State CS Implementation Levels: 

Although it was possible to find sufficiently accurate data for the five states of interest, for every 

state except MA, a detailed data set specifying the exact MW of each Solar project and what type 

of project it was, was lacking. Better data management by state agencies would be very 

beneficial for future researchers.  

MA: Massachusetts keeps a detailed a frequently updated data set of all of the Solar Projects that 

have been installed throughout the state. This data is available on the state government website, 

and can be obtained by downloading the SREC II Qualified unit list. This data includes all types 

of solar projects, such as residential, commercial, utility scale, and CS. It can be filtered to 

display just the CS projects. As of February 2019, there are 138 projects, producing 203,984 KW 

of energy, which I converted in 203.984 MW for the purposes of this study (MASSDOER, 

2019). 

 MN: Minnesota has a slightly less updated database on CS projects provided directly from its 

state government website, but between the 2018 State government report and the monthly 

updated report from the Institute for Local Self-Reliance (ISLR), it is possible to get sufficiently 

detailed and updated CS statistics. According to ISLR’s January 2019 update, there are now 505 

MW of operational capacity (Farrell, 2019, 1). ISLR does not mention the total current number 

of projects in Minnesota. However, the 2018 Minnesota Renewable Energy Update indicates 87 

projects at the end of 2017 (Minnesota Commerce Department, 2018, 15).  

NY:  The New York State Energy Research and Development department keeps data on the 

amount of CS that has been approved for installation throughout the state. This data is organized 

by utility, of which there are 6, and by the tranche, a time period specified in their CS legislation. 

As of January 2019, there is a total of 641 MW of closed capacity. However, because we are 
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attempting to compare the current, or as close to current as possible level of CS implementation, 

I will only take into consideration the closed MW capacity from the “One Tranche Zero period,” 

as all of those projects are required to be built by 2020 (NYSERDA FAQ, 2017, 2). This results 

in a total of 292.2 MW. There is unfortunately not sufficient, publicly available data on exactly 

how many projects there are in the state. However, because the MW size limit of a project is 5 

MW, then the minimum possible number of projects that could generate 292 MW, is at least 59 

projects (NY-Sun, 2019). 

CA:  Although California does have an extensive and frequently updated database of all of the 

Solar PV projects in the state, there is no way to determine which of those projects are CS, and 

there is no database listing all of the CS projects in CA so that it can be crossed referenced with 

the state database.  Fortunately, Greentech Media, a subsidiary of Wood McKenzie, a leading 

renewable energy research firm, published an article in October of 2018, stating that there is 

currently 112 MW of CS in the state. Because of the legitimacy of this source, and lack of better 

information from the state website, this number will be used for this study (Spector, 2018, 2). 

Colorado: 

 The Colorado State Energy Website has information available with updated statistics on both 

how many projects, 70, and how many much energy production, 70 MW, is being produced via 

CS in the state. It is not specified the exact day that this data was last updated, but as it is on the 

state energy department website it will be assumed that it is sufficiently updated (Colorado 

Energy Office, 2019). 

Population: The population of each state was relatively simple to derive by using 2018 estimates 

from the U.S Census Bureau.  
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Chapter 6: Analysis of Policy and CS Implementation: 

Overview: 

In the first part of this chapter I will analyze the differences in policy rankings of each state, and 

explore the relationship between CS implementation and a state’s policy rating. This will involve 

running a regression between the policy scores and CS implementation data. The results show 

that there is a statistically significant positive correlation between policy score and both CS 

implementation and normalized CS implementation. In the second part of this chapter I will 

explore if there is a relationship between certain individual policies and implementation, such 

that a whether or not having such a policy can predict that a state has a high level of CS 

implementation. This will be done with a correlation matrix where for each policy factor of 

interest, the state will either receive a 1 or 0, meaning they either have the policy or not, and 

these scores will be run in a correlation matrix with total MW installed and total normalized MW 

installed as the dependent variables. Although many of the correlations are not statistically 

significant, there are some relationships that yield potentially valuable insight.  

Part 1: 

Policy Ratings and CS Implementation: 

Analyzing the relationship between policy rankings of each state and its CS implementation will 

involve comparing a state’s rankings to how much CS it has implemented. This will include 

examining if the state’s policy score ranking is the same as its installed CS rankings. In order to 

add more statistical depth to this analysis, I will run a statistical analysis examining the 

relationship between policy rating and CS implementation across all of the states of interest. This 

will involve running two simple linear regression models. The first will be between the policy 

scores and CS implementation data of each state, and the second will be between the policy 
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scores and the normalized CS implementation data of each state. The purpose of these regression 

models is to see if there is a statistically significant relationship between how highly the policy 

rating system rated each state, and how much CS has been implemented in each state.  

Table 6.1: Key Data For Score and Implementation0 Analysis 

State Policy Score Total MW of Installed 

Community Solar 

Normalized Installed 

Community Solar 

Capacity 

California 75 112  87.5 

Colorado 77.5 70 225.8 

Massachusetts 80 204  138.8 

Minnesota 85 505 1,052.1 

New York 80 292 99.3 

 

Table 6.2: Rating and Implementation Rankings 

Ranking Policy Score 

Ranking 

Installed CS 

Ranking 

Normalized 

Installed CS 

Rankings 

California 5 4 5 

Colorado 4 5 2 

Massachusetts 2 (tied) 3 3 

Minnesota 1 1 1 

New York 2 (tied) 2 4 
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Based on the results of the policy ranking and normalizing installed CS rates in each 

state, looking at the states ranked against each other there is a pattern emerging that gives 

support to the hypothesis that a higher policy score should result in more CS implementation. 

This is supported strongly through examining the “best” state, Minnesota, and the “worst” state, 

California. MN, which had the highest policy ranking, has both the highest installed CS, and the 

highest normalized installed CS. This is strong evidence that MN is getting CS right, and its 

policies are very effective in encouraging CS, at least relative to the rest of the country. 

Minnesota has often been praised as the nation’s leader in good CS policy, so it was expected 

that as it had highest score in my policy ranking, and that its normalized CS implementation 

levels were high (Farrell, 2019). On the opposite side of the spectrum, in relation to the rest of 

the top 5 CS states, CA is the worst. It earned the lowest overall policy ranking, and had the 

second lowest CS implementation, but more importantly, the lowest overall normalized CS 

implementation. California was one of the major reasons behind my development of the 

normalized CS implementation measure, because 100 MW in a state with as abundant solar 

resources as California is certainly less significant than 100 MW in a state with significantly less 

resources like Colorado. Again, it was not particularly surprising that California scored the 

lowest in these two crucial ratings, as it has repeatedly garnered criticism about how it has been 

missing an opportunity to implement large amounts of CS, despite large overall solar 

implementation, as a result of its policy landscape (Weismann, 2018, 1) (Spector, 2018, 1). 

Although Massachusetts and New York do not have a perfect correlation between their policy 

score rankings and normalized installed CS ranking, the overall pattern is supportive of a 

relationship between the two factors. As discussed in Chapter 5, although MA and NY are tied 

for second in the policy score, they do not have the same breakdown of features. Although NY 
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has more CS installed, MA has a greater normalized amount of CS installed, giving it a ranking 

of third as opposed to NY’s fourth rankings. Colorado is the state that shows the greatest 

deviation from the trend of a strong correlation between policy score and normalized installed 

CS. Although Colorado had the second lowest policy score, it had the second highest normalized 

CS installation. However, this discrepancy could be explained as Colorado did have the lowest 

overall CS implementation, but because of its relatively low population and solar resources, the 

normalized score multiplied it about three times.  

 Although comparing the rankings of states does yield useful analysis about the 

relationship between the policy rating system and CS implementation, in order to examine the 

relationship with more statistical rigor, I ran two linear regression models. This was done using 

the “Regression” tool within Data Analysis of Microsoft Excel. I ran regressions to find the line 

of best fit between policy scores and installed CS, and between policy score and normalized 

installed CS. The results, as well as the relevant P-value, a measure of statistical significance, is 

found below. 

 

Regression Line of best fit between policy score and installed CS: 

Y = 43.3 X – 3205.75,  p-value = 0.02  

This line of best fit means that a state with a policy score of 0 would be predicted to have -3205 

MW of CS installed. Although this is clearly not possible, the more important value is the slope 

value, which in this case is 43.3. This means that for each increase in the policy score by 1 point, 

the state would be expected to have 43.3 more MW installed. This represents a positive 

relationship between policy score and MW installed. However, it is very important to examine 

the statistical significance of this positive relationship. A commonly utilized way to measure this 
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is with the “p-value”, which is essentially testing to see if this positive relationship is statistically 

significant in comparison to the null hypothesis that there is no relationship between policy score 

and CS implementation.  The lower the p-value is, the greater the significance level. It is 

generally accepted that anything with a p-value less than 0.1, meaning significant at the 

confidence level of 90%, is statically significant (Yale Department of Statistics, 1998).  As the p-

value here is 0.02, this means that this positive relationship is highly statistically significant at 

the 98% confidence interval  

 

Regression Line of best fit between policy score and normalized installed CS: 

y = 92.0 X – 6993.7, p value = 0.08 

This line of best fit means that a state with a policy score of 0 would be predicted to have 6993.7 

MW of CS installed. Although this is  not possible, the more important value is the slope value, 

which in this case is 92.0. This means that for each increase in the policy score by 1 point, the 

state would be expected to have 92 more MW installed. This represents a positive relationship 

between policy score and MW installed. Again, it is critical to examine the statistical 

significance. In this case, the p-value is 0.08, meaning that the positive relationship is statistically 

significant at the 92% confidence interval. Although this is a lower confidence interval than the 

relationship between policy score and CS implementation, it is still at the level that is generally 

regarded as statistically significant (Yale Department of Statistics, 1998). 

Based on both the strong correlation between policy rating ranking and implementation 

levels, and even more so through the linear regression lines of best fit showing a statistically 

significant positive relationship between the score and implementation, there is evidence that 

having a high CS policies score is a good predictor of CS implementation. Furthermore, these 
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results provide evidence that the features I selected and the weights they were given in my policy 

rating system were chosen well. The fact that there is a positive relationship to how high a state’s 

policy rating is ranked and how much CS has been implemented is evidence that on aggregate 

my rating system did well to represent a good overall state policy, assuming that a good policy 

correlates with high implementation.  

 

Part 2: Correlation Matrix:  

Inputs:  

The goal of this correlation matrix analysis is to examine how well having one policy predicts 

having another policy, and how well having a certain policy predicts having a high level of 

overall CS implementation. The first step was to create a table, shown below as table 6.3, with 

most of the policies of interest from this study, and assign them either a value of 1 or 0, meaning 

they either have the policy or they do not. Additionally, this table will include the total MW of 

CS installed as well as the total normalized installed CS capacity for each state. Each variable is 

given a letter value, such that the table is able to fit on the page. The meaning of each letter is 

found below in Table 6.3.  
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Table 6.3: Correlation Matrix Inputs 

 A B C D E F G H I J K L M N O P Q 

CA 1 0 1 1 1 1 1 0 1 0 1 0 1 0 1 112 87.5 

CO 1 1 1 0 1 1 1 0 1 0 1 0 1 0 1 70 225.8 

MA 1 1 1 0 1 1 1 1 1 0 0 0 1 0 1 204 138.8 

MN 1 1 1 0 1 1 1 0 1 0 1 1 1 1 1 505 1052.1 

NY 1 0 1 1 1 1 1 1 1 0 1 0 1 0 1 292 99.3 

 

A = Has a Renewable Energy Target 
B = Has a Solar or Distributed Generation requirement 
C = Has CS Program legislation 
D = Does not have a low project size limit 
E = Has a VNM policy 
F = Allows both Commercial and Residential Customers 
G = Encourages LMI customers 
H = Has an unrestrictive customer location requirement 
I = Allows both a subscription and purchase model 
J = Has an Investment Tax Credit 
K = Has Property Tax Deductions 
L = Income Tax Deductions 
M = Has Excise Tax Deductions 
N = Provides State grants or rebates 
O = Unrestrictive Ownership 
P = Total MW of CS installed 
Q = Total Normalized Installed CS Capacity 
 
Outputs:  
After creating the input table (Table 6.3) based on the research done throughout this thesis,  

I was able to run a correlation matrix by using the correlate function in the software R, with the 

15 binary policy features and the 2 measures of CS implementation. The output gives correlation 

on a scale of -1 to 1. Scores in the negative range mean there is a negative correlation and scores 
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in the positive range meaning positive correlation, with the higher the absolute value of the 

correlation output, the stronger the relationship is. In this context, positive correlation means that 

having a certain policy means a state is likely to have high CS implementation levels, and 

negative correlation means that a state with such a policy will likely have a lower level of 

implementation. A score of 0 means no correlation. The values related to implementation will be 

highlighted in Table 6.4 below in the bottom two rows. The non-highlighted values are all 

related to whether having one policy is likely to predict that a state will have another policy. It is 

important to note that in any analysis involving correlation, having a greater sample size is 

usually more likely to yield a more statistically significant outcome. Thus having only five states 

is certainly a limitation here, and in the future, especially if CS grows and is adopted by more 

states, a similar study could potentially yield more significant results with more states involved. 

In parenthesis after each correlation coefficient value, the p-value, which is representative of 

statistical significance is included. As discussed earlier, the lower the p-value is, the greater the 

significance level, and it is generally accepted that a p-value less than 0.1 is statically significant. 

(Yale Department of Statistics, 1998).  The correlation values that are statistically significant are 

bold and in red.   
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Table 6.4: Correlation Matrix Outputs 
 A B C D E F G H I J K L M N O P Q 
A 1                 
B 0 1                 
C 0 0 1               
D 0 -1 

(.00) 
0 1              

E 0 0 0 0 1             
F 0 0 0 0 0 1            
G 0 0 0 0 0 0 1           
H 0 -.167 

(.79) 
0 .167 

(.79) 
0 0 0 1          

I 0 0 0 0 0 0 0 0 1         
J 0 0 0 0 0 0 0 0 0 1        
K 0 -.408 

(.50) 
0 .408 

(.50) 
0 0 0 -.612 

(.27) 
0 0 1       

L 0 .408 
(.50) 

0 -.408 
(.50) 

0 0 0 -.408 
(.50) 

0 0 .25 
(.69) 

1      

M  0 0 0 0 0 0 0 0 0 0 0 0 1     
N 0 .408 

(.50) 
0 -.408 

(.50) 
0 0 0 -.408 

(.50) 
0 0 .25  

(.69) 
 

1 
(.00) 

0 1    

O  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1   
P 0 0.182 

(.77) 
0 -.183 

(.76) 
0 0 0 0.060 

(.92) 
0 0 .105 

(.86) 
0.868 
(.05) 

0 .868 
(.05) 

0 1  

Q 0 0.503 
(.39) 

0 -.503 
(.39) 

0 0 0 -.446 
(.45) 

0 0 .247 
(.69) 

0.991 
(.001) 

0 .991 
(.001) 

0 .8237 
(.09) 

1 

 

Key Results of the Correlation Matrix:  

As predicted because of the small sample size, there are very few significant correlations, 

thus there are very strong limitations to these results. It is first important to note that for any 

policy where all states either had the policy or did not have the policy, the correlation coefficient 

is 0. This is again an instance where having more states with a greater diversity of policies would 

be more informative. There are some correlations between different policies, which would imply 

that having one policy is predictive of having another. The only relationship that is even 

moderately strong is between property tax and income tax deductions, but none are statistically 

significant. As this thesis in an examination of the relationship between state level policies and 
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CS implementation, the correlations between each policy and implementation are of greater 

interest. 

The two policy factors that most strongly predicted a high level of CS implementation 

and were statistically significant were Income Tax Deductions, and State Grants and Rebates. 

This is likely related to the fact that the only state that has either of these policies is MN, and MN 

has both the highest total and normalized level of CS implementation. The only other statistically 

significant correlation is the strong positive relationship between total MW of installed CS and 

normalized installed CS. This is again expected because based on the formula for calculating the 

normalized installed CS, a higher installed CS will result in a higher normalized value if all else 

is equal.  

Although none of the other relationships between policies and CS implementation are 

statistically significant, there are still some observations worth noting. There is a moderate 

positive relationship between having a Solar or Distributed Generation requirement and 

increased levels of normalized CS implementation. This implies that requiring a certain 

percentage of renewable energy installed in a state to be either solar or from distributed 

generation correlates with greater CS implementation.  Conversely, there is a moderately 

negative relationship between having a low project size limit, meaning that states that set a low 

cap on the size of a CS project tend to have lower levels of CS implementation. Both of these 

results are expected based on the research done in this thesis. Interesting, there is a moderately 

negative correlation between having customer location be unrestrictive and having high levels of 

CS implementation. This implies that only allowing customers that are within a relatively small 

geographic range of the project be able to be a subscribe to it leads to greater implementation. 

This is contrary to what my research would lead me to believe. Given this observed relationship, 
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it is possible that restricting the geographic range of customers could encourage more projects to 

be built to service a more widespread demand. More data would be very useful to make such an 

inference.  There is also a weak positive relationship between having property tax deductions and 

high levels of CS implementation. Again, it is important to note that none of the correlations in 

this paragraph are statistically significant, thus not much stock can be put into these observations.  
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Chapter 7 : Conclusions and Recommendations for Future Study: 

Summary of Process, Results, and Conclusions:  

This thesis began with a significant literature review of policies related to Community 

Shared Solar (CS), including renewable energy requirements, market regulations, credit 

valuation, customers eligibility, and tax incentives, attempting to identify which are most 

important for implementation. Guided by existing CS policy rating systems and research in the 

literature review, I developed my own CS state policy rating system. This rating system 

identified 6 different major categories of policies, with a total of 16 different features. These 6 

major categories, in order of their overall possible points, are Customer Participation, Legislation 

for Shared Renewable Programs, Credit Valuation System,  Renewable Target Legislation, Tax 

Structure, and Owners and  Managers. Each feature was allocated a certain value of “points” 

based on its expected importance, adding up to a total of 100 points. The higher the state’s score, 

the better the state’s overall policies related to CS are expected to be. As a result of this process, 

this thesis serves as a good policy data base for the five states of interest as well.  

Because a focus of this thesis was to compare policy rating to actual implementation of 

CS in certain states, I had to select a group of states to analyze. I selected California, Colorado, 

Massachusetts, Minnesota, and New York, as they were the five states with the great current CS 

implementation. Through a systematic review of each state’s policies, I identified which policies 

were implemented in each state, and use my ranking system to assign a policy score to each 

state. Based on the results, Minnesota had the highest policy score with a total of 85 points, 

followed by Massachusetts and New York with 80 points, Colorado with 77.5, and finally 

California with 75. Although the overall difference is not numerically large, it is still important 

because many of the states shared some of the same feature that had the largest amount of points, 
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so any variation is important and helpful for informing which policies are most important. One of 

the most important observations from the scoring breakdown was that Minnesota had by far the 

highest tax structure score.  

Next, in order to compare the policy score to implementation levels, I obtained and 

analyzed implementation data from each state. Although implementation data was difficult to 

obtain for some states, I was able to get a reasonably accurate total for each. MN had the greatest 

level of implementation, followed by NY, MA, CA, and CO. However, because of conditions 

within a state, particularly solar potential and population, I normalized implementation based on 

a factor I generated called normalized population potential. This showed how much total solar 

resource was available per person in the state. I first determined the solar potential in each state, 

which is represented by the total annual solar irradiance in each state. This involved some 

manipulation with GIS. I then found population of each state from the US Census Bureau. After 

normalizing implementation based on normalized population potential, the new implementation 

hierarchy had MN with the highest normalized implementation, followed by CO, MA, NY, and 

CA. 

 I then analyzed the relationship between policy score and implementation levels, in order 

to determine if there is a significant positive relationship. This provided supporting evidence that 

my policy rating system well represented which policies are important to encourage CS 

implementation and their relative importance. I found that there was a strong correlation between 

a state’s policy ranking rating, and how much CS was implemented. To further explore the 

relationship with greater statistical rigor, I ran two linear regression models, which showed that 

there was a statistically significant positive relationship between policy rating score and both CS 

implementation and normalized CS implementation.  
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 Finally, in order to further enrich the analysis regarding the relationship between certain 

individual policies and implementation, I implemented a correlation matrix to determine whether 

or not having such a policy can predict that a state has a high level of CS implementation. This 

correlation matrix included the majority of policy factor of interest. For each factor, the state 

received a 1 or 0, meaning they either have the policy or not. These scores were run in a 

correlation matrix with total MW installed and total normalized MW installed as the dependent 

variables. Although many of the correlations are not statistically significant, there are some 

relationships that yield potentially valuable insight, specifically that there is a statistically 

significant positive relationship between implementation and both Income Tax Deductions and 

State Grants and Rebates.  

 

State Policy Recommendations: 

The State Policy Scoring guide is meant to be informative for governments when 

determining which policies to focus on given the goal of developing a robust and equitable CS 

program. I highly recommend that every state, particularly given the absence of a national 

standard, should develop a Renewable Energy Target, ideally one with a specific distributed 

solar requirement. It is also absolutely pivotal for a state to pass legislation enabling a solar 

credit valuation system that allows subscribers and CS project owners to benefit from CS in a 

predictable manor. I would encourage experimentation with more advanced and nuanced 

valuation systems like New York’s VDER, but care should be taken to make the system 

relatively straightforward to understand. More focus should be given to tax incentives and grants 

at the state level. This is what set Minnesota, the overwhelming leader in CS implementation,  

apart from the rest of the states in my ranking system. As the only statistically significant 
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positive relationship between implementation was Income Tax Deductions and State Grants and 

Rebates, there is some evidence that CS development is attracted to financial tax related 

incentives. Thus, for a policy maker interested in encouraging developers to expand CS, I would 

advise them to strongly consider offering some tax incentives or rebates to help incentivize 

development.  

As providing widespread and equitable benefits should be a goal of any state, it is very 

important that requirements and incentives for LMI customers are strongly encouraged. 

Although my research suggested that having a larger geographical scope for subscribers was a 

positive, the results of the correlation matrix hinted that it may actually be beneficial to more 

restrictive. Although my statistical analysis did not yield any useful insights regarding the 

relationship between who can own a CS facility and the rate of implementation because each 

state of interest had the same policies, I still highly recommend having unrestricted ownership 

potential. Private companies should be allowed to own projects,  in addition to both public and 

investor owned utilities. My research suggested that competition in the market is important for 

growth. A monopoly where utilities are both the only suppliers of energy and only option for CS 

is generally unadvised to maximize benefits to residents.  

Limitations and Recommendations for Future Study: 

Although this thesis was focused exclusively on state level policy and its influence on CS 

implementation, I believe there are also multiple non-policy related factors that may have a 

significant influence on implementation providing potentially significant omitted variable bias. 

One factor that I think would be interesting to examine in relation to CS implementation is public 

opinion on topics such as climate change and renewable energy. As public opinion is meant to 

inform decisions of politicians, it could be insightful to see if a state with a general populous that 
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is concerned about climate change and in favor of increased renewable energy is more likely to 

implement policies that benefit CS. In relation to public opinion, it would be interesting to 

examine what level of influence advertising can have on implementation. Because CS is 

relatively new, many people are not yet aware of its existence or if they are potentially eligible to 

participate. If one could quantify the level of public or private sector advertising or educational 

campaigns, it would be a very intriguing further area of study. Along similar lines, it could also 

be insightful to examine if there is a correlation between the political parties of state politicians 

and whether certain policies are being passed. A third factor that could be interesting to analyze 

if there is a relationship between the fossil fuel resources a state has, and what types of CS 

related policies they implement or how much CS is installed. It would also potentially be 

interesting to see if examine if whether or not a state has a regulated versus a deregulated energy 

market has any influence on CS implementation. Additionally, as my findings suggested that tax 

incentives and rebates have a statistically significant positive influence on implementation, it 

could be interesting to try to gain a better understanding of how CS developers feel about these 

types of financial incentives. Specifically whether they find them to significantly influence their 

likelihood to invest in more projects. This could potentially be done through interviews or 

surveys. 

Further, as CS is still relatively new in the United States and less than half of the states 

even have a single CS project, this study will likely need to be updated in just a few years, as 

implementation levels and policies will likely be changing rapidly. Among just these five states 

alone, there were multiple bills waiting to be passed to amend various aspects of their CS 

policies, ranging from changing the geographical eligibility of customers to the maximum 

project size. With many states, like New Jersey, Maryland, and Illinois making strong 
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commitments to CS in the last few years, it is entirely possible that the “Top 5” implementers 

will change in the next few years. Further, as more CS is installed throughout the nation, there 

will be more robust, and hopefully better organized data, thus enabling a sophisticated and 

accurate statistical analysis. Running this analysis with more data including additional states and 

more total MWs of CS implementation would make for more rich statistical analysis, which 

could better inform the creation of an ideal policy ranking system. Also, examining the yearly 

rate instead of installation versus total installation overall could yield some interesting insights. 

At the time of this study, the richness of data was too limited to do this. As discussed, it was 

difficult to find statistically significant correlations between individual policies and 

implementation rates with the correlation matrix because of the small, 5 state, sample size. 

Another limitation of this study is related to the somewhat arbitrary nature of my 

weighting system. Theoretically, there is a nearly an infinite number of ways that I could have 

distributed points across the 17 different factors I included. I weighted each factors based on my 

research and that of previous researchers, but it is certainly something that could be disputed or 

altered by other researchers in the future. Although I did not do this, one way to analyze the 

appropriateness of a weighting system is through a sensitivity analysis, which would examine 

how different weighting systems influence policy scores. Rather than doing this, I implemented 

the correlation matrix which gave each factor a binary score, thus eliminating the influence of the 

weighting system and allowing examination of policies in isolation. 

Although the intended audience for this thesis is really anyone that is interested in CS, I 

particularly encourage policy makers and researchers in the energy industry to read through it. I 

believe this ranking system and the insights drawn from it could be very helpful to policy makers 

in any state, whether they have a robust CS program or not. It can serve as a roadmap for states 
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just starting to think through a CS program, and can also help state’s with a significant CS 

program understand what factors they may want to add or change to improve their existing 

program. I hope this thesis can serve as a good guide and reference for future researches who 

desire to understand what policies are important to CS and further analyze relationships between 

policy and implementation. 
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