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Executive Summary 
Compensation mechanisms for electricity generation systems installed behind the meter are 
under scrutiny in several jurisdictions in the United States. Legislators in 29 states introduced 
bills to amend net metering provisions in 2014, and in 33 states in the 2015 legislative session as 
of August 20, 2015 (Haynes 2015). Some utilities have also sought to increase the revenue they 
receive from net-metered customers through rate redesign. The circumstances that have triggered 
the recent push for change include a growing percentage of net-metered customers, potential 
effects of distributed generation on cost allocation, decreasing photovoltaic (PV) system costs, 
the challenges of integrating high levels of solar generation in the distribution network, and 
increasing pressure on utility business models.  

As the relevant stakeholders work to amend net metering policies to balance public and private 
interests, an understanding of recent trends and potential effects can be useful to assess risks and 
minimize the adverse effects of uncertainty. This study reviews current distributed generation 
compensation policies in the United States and summarizes the issues prompting states to revise 
those policies. It also examines the recent rate redesign proposals that affect DG compensation 
and quantifies the impact some of these proposed changes could have on the economics of 
distributed PV systems. Finally, this study presents DG compensation options that can be 
implemented—independently or in combination—to provide stakeholders with certainty and 
preserve stakeholder value. This study does not intend to be an exhaustive or in-depth review of 
all the distributed generation (DG)1 compensation options available.  

Net metering policies and DG compensation levels have remained fairly stable nationwide since 
their inception. The increased impetus to change the way PV customers2 are compensated 
represents a risk to the solar industry (Howland 2013). The ripple effects of regulatory 
uncertainty are difficult to measure and could include constraints to the expansion of the solar 
industry, higher costs of capital, and reduced investment. Additionally, abrupt changes to the 
way PV customers are compensated could negatively impact the solar industry and existing solar 
PV owners. 

Net metering credits distributed PV generation at retail rates. Owners of PV systems can 
generally carry their unused credits over to the next billing cycle. At the end of the net metering 
cycle, typically one year, the remaining credits are paid at wholesale rates by the utility, carried 
over, or forfeited, depending on state policy. 

The proportion of total energy generated by distributed PV to total utility retail sales is less than 
1% in most states and only three utilities in the United States buy back a proportion of generation 
from customer generators higher than 1% of their total retail sales (Table ES-1) (EIA 2015b). 

                                                 
1 In this report, distributed generation refers to any customer-sited generation and distributed solar refers to 
customer-sited photovoltaics (PV) unless otherwise noted. 
2 PV customers produce 95% of customer-sited DG. This report centers on PV customers. However, most of the 
information in this report also applies to non-PV DG customers.  
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Table ES-1. Utilities with Highest Proportion Of Energy Sold Back to Total Energy Sales  

Utility (State) Type Total Retail 
Sales (MWh) 

Energy Sold 
Back (MWh) 

% of Total 
Sales 

Hawaii Electric Light Co., Inc. (HI) Investor-Owned 1,076,104 21,060 2.0% 

Kauai Island Utility Cooperative (HI) Cooperative 431,478 7,177 1.7% 

NSTAR Electric Company (MA) Investor-Owned 8,521,681 97,252 1.1% 

City of Alameda (CA) Municipal 363,444 3,395 0.9% 

Turlock Irrigation District (CA) Public District 1,975,891 18,074 0.9% 

Tucson Electric Power Co. (AZ) Investor-Owned 9,278,919 48,734 0.5% 

Source: EIA 2015b, with data from 20133 

The extent to which net metering imposes costs on non-participants or the electric system as a 
whole is unclear. A number of studies have attempted to assess the costs and benefits of 
distributed PV. The results cannot be easily compared because each study takes a different 
perspective or looks at a different set of variables (RMI 2013; CPUC 2013; Stanton et al. 2014). 
Studies commissioned by state legislatures or regulatory commissions have generally found that 
net metering does not impose a significant cost to non-participants at current levels of 
penetration. However, the results are not uniform. For example, California found that net-
metered systems impose a cost to all ratepayers, whereas Mississippi—among other states—
found net benefits statewide (CPUC 2013; Stanton et al. 2014). 

The impacts of current DG compensation policies on the electricity system and utility business 
models will increase with DG penetration rates. A 2014 study by Lawrence Berkeley National 
Laboratory (LBNL) found that scenarios in which net-metered PV systems produced 2.5% of 
total retail sales and above could have negative effects on utilities’ earnings and shareholder 
returns (Satchwell et al. 2014). As such, changes in DG compensation policies may eventually be 
considered to balance the interests of PV customers, utilities, the solar industry, and related 
stakeholders.  

New rate designs have emerged since 2013 as a mechanism to address concerns regarding 
compensation for distributed generation. Electricity rate changes—proposed mainly by 
utilities—include increased fixed monthly charges, demand and standby charges assessed to 
residential customers or PV customers, and changes to the value PV customers receive for the 
energy they deliver to the grid. Rate design changes can have a dramatic effect on the value of 
distributed PV systems. For example, a proposal by Idaho Power filed in 2013 (Idaho Public 
Utilities Commission 2013) would have decreased residential PV customer savings by up to 65% 
in the first year. Owners of installed systems are especially vulnerable to rate and policy changes 
that do not exempt existing systems. 

As circumstances—such as PV penetration levels and costs—change, adjusting DG 
compensation levels through deliberate and transparent mechanisms that balance the interests of 
all relevant stakeholders could help maximize benefits system-wide. Relevant stakeholders may 
include utilities, PV customers, non-PV customers, and policymakers. 
                                                 
3 Net metering data is reported to EIA on a voluntary basis. 
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A publicly discussed, transparent mechanism to implement major changes to rate design may 
reduce uncertainty and achieve fair solutions for the utilities, solar industry, and other players. A 
flexible mechanism may allow for the participation of all relevant stakeholders and take into 
account the particular conditions, such as DG penetration levels, of each jurisdiction. 

This report presents a survey of options to charge and compensate PV customers, as well as 
options that may preserve utility revenues in scenarios with increased DG. These options could 
be used as building blocks to create a DG compensation policy that may preserve the value of the 
different stakeholders and balance their interests (Figure ES-1).  

Preserving value has a different meaning depending on the perspective of each stakeholder. For 
utilities, it may mean retaining their ability to recover the costs of serving their customers and 
provide a return to their investors. For PV customers, preserving value may mean achieving a 
positive net present value for the economic life of their PV systems. 

 
Figure ES-1. Compensation options grouped by category and level of complexity 

DG compensation options can be thought of as building blocks that can be implemented 
relatively independently. Collectively, the options chosen to be implemented can form the policy 
that regulates PV customer compensation and utility revenue preservation. 

Compensation options have been grouped in three categories: PV compensation, retail price, and 
utility value preservation, presented along the vertical in Figure ES-1. The horizontal arrows 
present an illustrative guide for the conditions that could trigger or justify compensation options. 
Options that are placed further right along the horizontal axis are generally more complex or 
expensive to implement and may not be cost-effective at low levels of DG penetration.  
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Distributed Generation Compensation Options  
Recent studies have found in general that current levels of distributed PV penetration do not 
significantly burden non-participant customers (CPUC 2013; E3 2014; VPSD 2013; Stanton et 
al. 2014). In scenarios in which non-participants or utilities are found to be adversely affected, 
declining levels of compensation pegged to relevant variables, such as DG penetration levels 
and PV costs, as opposed to time schedules, could reduce shifts in costs and avoid 
overcompensation while ensuring PV customers get a return on their investment.  

New DG compensation mechanisms could reduce the potential for cost-shifting. Mechanisms 
such as value of solar tariffs and distributed locational marginal pricing could more fairly 
compensate solar production and grid services, but special attention should be given to 
dampening volatility to a level that offers certainty to customers-generators through incentives 
and long-term contracts. Compensating PV customers more accurately for the services their 
systems provide could send an economic signal to encourage PV owners to install and operate 
their systems in a way that benefits the broader electricity system. 

Existing PV customers are especially vulnerable to adjustments to current policies or rates. 
Increased fixed costs and rate changes that decrease net compensation levels to existing PV 
owners negatively affect the economics of their systems, at a point in time when they have no 
recourse. Uncertainty could discourage potential investors and PV adopters. Grandfathering 
clauses reduce this risk by exempting existing owners from changes in rates and policies. In the 
case of alternative compensation mechanisms, such as value of solar tariffs, long-term contracts 
lock-in compensation rates for PV customers and increase certainty.  

Retail Electricity Pricing Options 
Increased monthly charges—in the form of fixed charges or minimum bills—in combination 
with current net metering policies may help utilities recover some of the capacity cost avoided by 
PV customers with near-net zero energy consumption. However, increased monthly charges may 
erode value for different stakeholders, including utilities’ shareholders (Satchwell et al. 2014) 
and PV customers (Lazar 2014), and therefore should be carefully considered. 

Retail pricing mechanisms that substitute volumetric charges and single fixed charges can be 
designed to help utilities fully recover the costs of serving their customers in high DG 
penetration scenarios. These include demand charges, real-time and time-of-use (TOU) rates, and 
attribute unbundling. More accurate retail pricing could ensure utilities’ cost recovery without 
discouraging the adoption of new technologies (Glick et al. 2014). Additionally, these pricing 
mechanisms can send economic signals to PV customers to control their load and install their 
systems in a way that benefits the grid.  

Assigning a value to the clean attributes of solar PV generation that are not currently priced, 
such as avoided carbon emissions, could offset the costs shifted to customers who use electricity 
from polluting sources. 
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Protecting Revenue Adequacy: Options for Utilities 
As penetration rates for distributed PV rise to substantial levels, coupling net metering—or 
alternative compensation mechanisms—with policies that mitigate utility revenue erosion could 
help preserve value system-wide and give stakeholders increased certainty.4  

Net metering caps and sunsetting provisions could give utilities certainty that distributed solar 
will not reach levels that affect their financial stability without first being reviewed (Heeter et al. 
2014). 

Distributed PV has the potential to reduce the ability of utilities to recover its fixed costs. In 
jurisdictions where utilities revenues depend on unit sales of energy, distributed PV can have a 
detrimental effect on utilities’ earnings at higher penetration levels. Options to reduce utility 
revenue lost to distributed PV include a shareholder incentive based on performance metrics 
(such as PV penetration goals) and regulatory approval for utilities to own distributed PV 
systems. 

Revenue decoupling, lost revenue adjustments, and increasing the frequency of rate cases are 
options that may preserve utility shareholder value that may be lost if high PV penetration 
results in utility investment deferrals. 

The options outlined above could help mitigate some of the conditions that lead to loss of value 
to utilities, PV customers, and non-participant customers. However, if the costs of distributed 
energy generation and storage technologies continue to decline to the point at which they trigger 
massive adoption, new utility regulation and business models may be needed to address a new 
environment with high penetration levels of lower-cost distributed energy resources. 

The effects of net-metered PV on utility revenues and non-PV customers are smaller at lower 
penetration levels (CPUC 2013; Satchwell 2014). However, it may prove important to review 
and potentially recalibrate DG compensation as circumstances change. Deliberate changes that 
take into account the balance of interests among the different stakeholders involved may help 
preserve value across stakeholders and for society as a whole.  
  

                                                 
4 DG is only one of several factors that can reduce revenues for utilities. Others, such as energy efficiency and 
storage, are not covered in this study. 
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1 Introduction 
Regulators, legislators, utilities, industry, and other stakeholders are working to evaluate and 
potentially amend net metering and other compensation mechanisms for distributed generation 
(DG)5 in various jurisdictions of the United States. Several factors have prompted this 
reevaluation, including the accelerated adoption of distributed PV systems, declining solar PV 
system costs, and potential effects of DG on cost allocation and current utility business models.  

Legislators in 29 states introduced bills to amend net metering provisions in 2014, and in 33 
states in the 2015 legislative session as of August 20, 2015 (Haynes 2015) (Figure 1). In a 2014 
survey, 99 utilities—around 75% of respondents—reported that they are considering rate 
restructuring and other alternatives to current net metering (NEM) policies to manage their 
impacts on revenue (Campbell and Taylor 2014; Makyhoun, Taylor, and Clark 2014). Since 
2013, utilities in 27 states have filed proposals that would reduce distributed solar compensation 
levels (Figure 2). 

 
Figure 1. States where at least one NEM-related bill was introduced in 2014 and 2015  

Source: Haynes 2015 

NEM policies and compensation levels have remained relatively stable nationwide, despite the 
growing impetus and activity surrounding NEM reform (see Section 3). Grandfathering clauses 
have been implemented in some instances when NEM policies have changed, protecting the 
value of existing systems. However, regulatory uncertainty may still increase the cost of capital 
and reduce customer demand (SolarCity 2014), thus constraining the expansion of distributed PV 
deployment. Potential changes to net metering NEM policies represent a risk to the cash flows 
from existing or future distributed PV systems. Uncertainty about future distributed solar 
compensation policies matters because perceived regulatory instability may challenge renewable 

                                                 
5 In this report, distributed generation refers to any customer-sited generation and distributed solar refers to 
customer-sited photovoltaics (PV) unless otherwise noted.  
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energy deployment, increase capital costs, and reduce investment in general (Bhanot and Larsson 
2014; Fabrizio 2012; IEA 2014). 

 
Figure 2. States in which utilities have proposed a change in rate structures since 2013 that would 

reduce compensation for DG  
Sources: Hand 2015; Walton 2015; Roberts 2015; Inskeep et al. 2015; EQ Research 2015 

As the relevant stakeholders work to amend net metering policies to balance public and private 
interests, an understanding of recent trends and potential effects can be useful to assess risks and 
minimize the adverse effects of uncertainty. This report reviews current distributed generation 
compensation policies in the United States and summarizes the issues prompting states to revise 
those policies. It also examines the recent rate redesign proposals that affect DG compensation 
and quantifies the impact some of these proposed changes could have on the economics of 
distributed PV systems. Finally, this report presents DG compensation options that can be 
implemented—independently or in combination—to provide stakeholders with certainty and 
preserve stakeholder value. This report does not intend to be an exhaustive or in-depth review of 
all the DG compensation options available. 
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Text Box 1: Effects of Uncertainty on Solar Securitization 
Securitization is a financing technique that aggregates pools of assets, such as solar leases, and 
transforms their future cash flows into a financial instrument that can be traded for capital. The resulting 
tradable instrument is called an asset-backed security. Securitization transfers the rights to the cash 
flows, and some of the risks, to the investors (PwC 2013; Lowder and Mendelsohn 2013).  
The securitization of solar assets can support the expansion of the PV industry by enabling it to enlarge 
and diversify its sources of funding. Additionally, capital raised through securitization generally has lower 
costs than the industry’s most common sources of funding, namely debt, tax equity, and sponsor equity. 
Increasing the use of public capital to finance renewable energy projects through securitization and other 
financial instruments could lower the cost of installed PV systems and accelerate solar deployment 
(Mendelsohn and Feldman 2013).  
NEM policy uncertainty can affect securitization efforts. In its rating for SolarCity’s 2013 securitization 
deal, the rating agency Standard & Poor’s identified “legislative pressure” as a source of uncertainty to 
the economics and cost savings of distributed PV assets (S&P 2013). Changes in NEM laws and 
regulations can impact the value of solar asset-backed securities by changing the cash flows from solar 
assets. Investors may demand a premium to compensate for regulatory uncertainty (Bhanot and Larsson 
2014), thus increasing the cost of capital obtained through securitization.   
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2 Current Distributed Generation Compensation 
Policies  

2.1 Net Metering Concept and Origins 
Net metering credits owners of DG sources for energy produced that is not instantaneously 
consumed on site. Typically, each kilowatt hour (kWh) exported to the grid is credited as a kWh 
that can be used at a later time in the same billing cycle. NEM policies may also have a carry-
over provision that allows the use of credits in a subsequent billing cycle. At the end of the net 
metering cycle, typically one year, net excess generation may be credited at wholesale rates, 
rolled over, or forfeited (Figure 3). NEM mechanisms offer the benefits of administrative and 
structural simplicity (Rábago 2013).  

 
Figure 3. Compensation policies for net excess generation (NEG) by state as of August 2015 

Source: DSIRE, 2014, updated with information from DSIRE (http://programs.dsireusa.org) and Freeing 
the Grid (http://freeingthegrid.org). 

The implementation of net metering programs dates back to the 1980s (Wan and Green 1998). 
By 2003, utilities in 38 states and the District of Columbia had net-metered customers (EIA 
2012). The Energy Policy Act of 2005 (EPAct 2005) amended the Public Utility Regulatory 
Policies Act (PURPA) to state that each “electric utility shall make available upon request net 
metering service to any electric consumer that the electric utility serves” (16 U.S.C. 2621(d)(11), 
and directs all state utility commissions (and non-regulated utilities) to consider the adoption of a 
net metering standard (H.R. 6—109th Congress: Energy Policy Act of 2005).  

In most states, NEM eligibility is not limited to solar PV systems; however, by the end of 2013, 
95% of the customer-generated energy compensated by utilities through NEM programs came 
from PV systems (EIA 2015a). 

http://programs.dsireusa.org/
http://freeingthegrid.org/
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NEM policies are set and administered at the state level by lawmakers and regulators. Forty-four 
states and Washington D.C. have adopted net metering policies (Durkay 2014). Twenty-five 
states have caps in their NEM programs, which restrict the total eligible capacity. Three states 
have policies that trigger program revisions or notification measures when a certain level of net-
metered capacity is reached, without necessarily suspending NEM programs. Hawaii’s net 
metering limits are based on individual circuit penetration levels: when the cap of 15% of circuit 
peak demand is reached, utilities may perform a study to determine if the limit can be increased. 
New Jersey and other states have reached or nearly reached caps but have raised them in 
response. Massachusetts, Delaware, California, Nevada, and New York are projected to reach 
their caps between 2015 and 2017. Of the rest of the states, only Vermont is projected to reach its 
cap before 2020 (Heeter et al., 2014).  

Utilities in states with utility-level limits—including California, Massachusetts, New York, and 
New Hampshire—have reached NEM limits, or are expected to reach them in 2015. The Public 
Service Commission in New York has directed utilities to continue to accept NEM applications 
until a successor tariff is approved (CUNY 2015). Other utilities have suspended their NEM 
programs or added new applicants to waiting lists (EQ Research 2014; MassACA 2015).  

2.2 Impetus for Distributed Generation Compensation Reform 
Several factors have prompted stakeholders to call attention to NEM policies, including the 
accelerated adoption of net-metered PV systems (Steward 2014) (Figure 4), improvements in 
solar technologies that may continue to reduce costs, innovative financing mechanisms that 
facilitate solar mainstream adoption, potential financial risks to current utility business models 
posed by higher levels of distributed PV penetration (Kind 2013), and distribution network 
reliability concerns in high-deployment scenarios.  

 
Figure 4. Cumulative number of net-metered customers in the United States and growth over 

previous year 
Source: EIA 2015a. System technology breakdown data available only from 2010 and on. 

According to 2013 data, the average proportion of energy compensated under NEM programs to 
total utility retail sales is less than two hundredths of a percent at the national level (EIA 2015b). 
Hawaii, New Jersey, and California have the highest penetration rates of distributed PV at the 
state level (Table 1). 
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Table 1. Estimated DG as a Percentage of Total Retail Sales in the States with the Most DG 

State Distributed 
Capacity (MW) 

Estimated 
production (MWh)a 

Total Retail Sales 
(MWh) 

% of Total 
Retail Sales 

Hawaii 308 404,712  9,503,164 4.3% 

New Jersey 1,048 1,377,072   113,233,316  1.2% 

California 2,428 3,190,392   287,077,093  1.1% 

Arizona 461 605,754   75,662,037  0.8% 

Massachusetts 388 509,832   80,751,947  0.6% 

Colorado 225 295,650   53,441,649  0.6% 

Sources: SEIA/GTM 2014; EIA 2015b, with data from 2013 
a Estimated production is based on a nation-wide 15% capacity factor. 

By the end of 2013, some individual utilities had reached NEM levels of up to 2% measured as 
the ratio of energy sold back to utilities as part of NEM programs to total retail sales (Table 2). 
Thirteen utilities in the United States have more than 2% of customers participating in net 
metering programs. Hawaiian Electric Company, an investor-owned utility in Hawaii, tops the 
list with 9.4% (Table 3) (EIA 2015b).6 

Table 2. Utilities with Highest Proportion Of Energy Sold Back to Total Energy Sales  

Utility (State) Type Total Retail 
Sales (MWh) 

Energy 
Sold Back 
(MWh) 

% of Total 
Sales 

Hawaii Electric Light Co., Inc. (HI) Investor-Owned 1,076,104 21,060 2.0% 

Kauai Island Utility Cooperative (HI) Cooperative 431,478 7,177 1.7% 

NSTAR Electric Company (MA) Investor-Owned 8,521,681 97,252 1.1% 

City of Alameda (CA) Municipal 363,444 3,395 0.9% 

Turlock Irrigation District (CA) Public District 1,975,891 18,074 0.9% 

Tucson Electric Power Co. (AZ) Investor-Owned 9,278,919 48,734 0.5% 

Source: EIA 2015b, with data from 2013 

 

                                                 
6 Data as reported in Form EIA-861. Not all utilities report energy credited to  PV customers as part of net metering 
programs. 
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Table 3. Utilities with Highest Proportion of Net-Metered Customers to Total Customers  

Utility (State) Type Total 
Customers 

Net-
Metered 
Customers 

% of Total 
Customers 

Hawaiian Electric Co., Inc. (HI) Investor-Owned 298,920 28,215 9.4% 

Maui Electric Co. Ltd. (HI) Investor-Owned 69,284 5,206 7.5% 

Hawaii Electric Light Co., Inc. (HI) Investor-Owned 82,268 5,336 6.5% 

Kauai Island Utility Cooperative (HI) Cooperative 33,060 1,793 5.4% 

Town of Concord (MA) Municipal 8,100 212 2.6% 

Sulphur Springs Valley E C Inc. (AZ) Cooperative 50,807 1,285 2.5% 

Source: EIA 2015b, with data from 2013 

2.2.1 Impacts on Current Utility Business Models 
Current utility business models are being challenged by numerous factors, such as declining 
demand growth rates and falling costs of distributed energy resources (Kind 2013). Distributed 
PV may pose challenges to current utility business models at higher penetration rates. First, 
higher penetration rates could defer investments in new generation plants and therefore reduce 
the opportunities for utility shareholders to earn a return. Second, higher DG penetration rates 
may reduce energy sales, causing an increase in rates as utilities strive to recover fixed costs 
from fewer electricity sale units (i.e., kWh).  

In 2014, Lawrence Berkeley National Laboratory (LBNL) found that increased levels of net-
metered electricity generation could have negative effects on utilities’ earnings and shareholder 
returns. Two types of utilities were modeled in LBNL’s study: vertically integrated and wires-
only. The study estimated changes on utility shareholder return on equity (ROE), earnings, and 
average rates at four different levels of net-metered PV penetration, compared to a baseline with 
no distributed PV. Penetration rates in this study were measured as the ratio of total generation 
from distributed PV systems to total retail sales in a utility’s territory (which is different to the 
proportions shown in Tables 2 and 3) (Satchwell et al. 2014). 

The results for the vertically integrated utility showed that, at a 10% penetration level, ROE 
could decline 2.9%, earnings 8.1%, and rates would increase 2.5% (Figure 5). For the same 
penetration level, the wires-only utility would see ROE and earnings declines of 18.1% and 
15.4%, respectively, and a retail rate increase of 2.7% (Figure 6). By the end of 2013, the 
investor-owned utilities in the United States with distributed PV penetration rates of 2% and 
above were Hawaiian Electric Co., Maui Electric Co., Hawaii Electric Light Co., Pacific Gas & 
Electric, San Diego Gas & Electric, and Arizona Public Service (Satchwell et al. 2014).  
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Figure 5. PV penetration effects on a vertically integrated utility 

Source: Satchwell et al. 2014 

 
Figure 6. PV penetration effects on a wires-only utility 

Source: Satchwell et al. 2014 

Negative effects on earnings and ROE can create an incentive for utilities to discourage customer 
investments in DG or seek to modify NEM policies (Gordon and Olson 2004). Section 3 
discusses changes proposed by utilities, among other stakeholders, in response to these 
challenges. 
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Text Box 2: Cost-Shifting 
Utilities most commonly depend on the volumetric component (i.e., based on the volume of energy (kWh) 
sold) of residential rates to recover energy and capacity costs. The capacity costs associated with serving 
this customer class, mostly related to transmission and distribution (T&D) infrastructure construction and 
maintenance, may amount to slightly under one half of total costs (EPRI 2014a) and may not be 
recovered in billing cycles when PV customers consume little or no energy. As the number of PV 
customers increases in their territories, utilities’ reliance on volumetric charges may threaten their ability 
to recover costs (Gordon and Olson 2004; Brown 2014). Alternatively, unrecovered costs could be shifted 
toward customers who do not own DG systems (Black & Veatch 2014). However, DG may not be the only 
source of cost-shifting embedded in electricity rates. Larger customers typically pay more for electricity 
than other customers within the same rate class, for example (Overcast 2015; Pentland 2014). A study 
published by the California Public Utilities Commission found that, although NEM is causing a shift in 
costs in the state, PV customers are still paying in average 103% of their full cost of service. DG in this 
case helped correct a previously existing shift in costs (CPUC 2013). 

2.2.2 PV Costs, Benefits, and Cost-Shifting 
A number of studies evaluating the costs, benefits, or both, that distributed PV and NEM impose 
on the system—some including the magnitude of cost-shifting—have been completed in the last 
few years. The results vary according to methodologies used and assumptions made on variables 
of unknown future value, such as the cost of natural gas and other fuels used for electricity 
generation, in addition to differences in the actual costs and benefits of distributed PV and other 
forms of DG in different locations and utility systems. Direct result comparison is difficult also 
because the analyses vary in their perspectives. The net value of distributed PV generation can be 
assessed from a rate-impact perspective, a total resource cost perspective, and many other 
perspectives that change the depth and scope of the analysis, as well as the number and type of 
sources of PV value (SEPA 2013).  

A report collecting the results of 16 distributed PV cost and benefit studies—previously 
published by utilities, national laboratories, and other organizations—shows benefits ranging 
from approximately $0.035/kWh to $0.34/kWh, and costs of up to $0.35/kWh.7 The report notes 
that differences in assumptions and methodologies do not permit a direct comparison among 
results. Figure 7 presents distributed PV benefits as positive quantities, and costs as negative 
(RMI 2013). 

                                                 
7 Some studies considered only benefits. 
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Figure 7. Benefits and costs of distributed PV by study 

Source: RMI 2013 

Text Box 3: Monetizing Externalities 
Certain financial, security, environmental, and social benefits included in some distributed PV cost-benefit 
analyses are not monetized in current ratemaking processes. Consequently, these benefits may not help 
alleviate cost-shifting and cost recovery issues, even if the estimated value of distributed PV benefits is 
comparable or higher than costs (RMI 2013). Furthermore, valuing some of these benefits may be 
challenging because the benefits cannot be determined precisely (EPRI 2014b). 

Legislatures and regulatory commissions in several states have also commissioned studies to 
assess costs and benefits of DG and whether cost-shifting is occurring and, if so, at what level. 
The results of some of these studies could impact NEM compensation or associated rates. Recent 
results range from modest net costs to modest net benefits to all ratepayers: 
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• A study commissioned by California’s legislature estimated that the net cost impact from 
NEM generation to all ratepayers could be between $370 million and $1.1 billion (i.e., 
between 1.1% and 3.1% of total investor-owned utility revenue requirement) when NEM 
capacity reaches 5% of the sum of non-coincident customer peak demand. The study 
also found that net-metered customers pay 103% of their full cost of service (Figure 8) 
(CPUC 2013).  

 
Figure 8. Percent cost of service recovery from NEM customers in 2011 

Source: CPUC 2013 

• An analysis completed at the request of the legislature in Nevada found that the costs and 
benefits of NEM are nearly even under current and proposed scenarios and that the 
impacts on non-participants (which were estimated to be positive or negative, depending 
on assumptions) would not be substantial (E3 2014).  

Table 4. Nevada NEM Cost-Benefit Analysis Results 

    All Installations Through 2016 

    Lifecycle NPV $MM 2014 

Test Result Description Base Case 
Including Distribution 

Avoided Costs 

RIMa Benefit (cost) to non-participating customers $36  $166  

PACTb Reduction (increase) in aggregate customer bills $716  $847  

TRCc Benefit (cost) to the state of Nevada ($100) $31  

SCTd Benefit (cost) to the state of Nevada, incl. externalities ($75) $82  
a Rate Payer Impact; b Program Administrator Cost Test; c Total Cost Resource; d Societal Cost Test 

Source: E3 2014. NPV = net present value. 

• A study conducted by the Vermont Public Service Department looking specifically at the 
question of cost-shifting found that net-metered PV systems do not impose a significant 
net cost to the state or ratepayers. PV systems provided net benefits in every scenario 
when the cost of greenhouse gas (GHG) emissions was factored in (VPSD 2013).  
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Table 5. Net-Metered PV System Benefits from the Ratepayer and State Perspectives in Vermont  

  Perspective 

  Ratepayer ($/kWh) State ($/kWh) 

  Lower Upper Lower  Upper 

Net benefit, no GHG value included ($0.021) ($0.006) ($0.015) $0.000  

Net benefit, GHG value included $0.021  $0.036  $0.028  $0.043  

Source: VPSD 2013 

• The Mississippi Public Service Commission requested a cost-benefit analysis that found 
that NEM would provide a net benefit to the state from a total resource perspective under 
most scenarios considered. Sensitivities analyzed included oil and natural gas price 
volatility, PV capacity value in wholesale markets, avoided transmission and distribution 
costs, and carbon dioxide (CO2) price (Stanton et al. 2014). Each scenario used the low, 
middle, or high estimate for each of the variables considered in the study (Table 6). 

Table 6. Total Resource Cost Test Results Under Various Sensitivity Scenarios in Mississippi  

  Total Resource Cost Test8 

 Scenarios Low Mid High 

Fuel Price  1.17 1.19 1.21 

Capacity Value  1.11 1.19 1.26 

Avoided T&D  1.01 1.19 1.32 

CO2 Price  1.16 1.19 1.24 

Combined Scenario 0.89 1.19 1.47 

Source: Stanton et al. 2014 

• In Oregon, a report completed at the request of the legislature stated that some of the 
costs embedded in electricity rates to maintain the grid may be shifted to ratepayers who 
do not own DG systems. The authors of the report recommend the public utility 
commission open a formal proceeding to assess whether cost-shifting occurs as a result 
of NEM (Public Utility Commission of Oregon 2014). 

• Minnesota recently completed a study to establish a value of solar tariff. The 
methodology has been finalized and approved, although it has not been applied yet 
(Tomich 2014). In its testimony during the proceedings, Xcel Energy estimated a value 
of solar rate of $0.145/kWh, compared to average statewide electricity costs of 
$0.1285/kWh for residential customers (Xcel Energy 2014; EIA 2014).   

                                                 
8 The Total Resource Cost (TRC) test is a measure of cost-effectiveness and can be expressed as a ratio 
(benefits/costs) with no unit of measurement. TRC values of 1 or higher indicate net benefits. 
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3 Distributed Generation Compensation Changes 
Recently Proposed 

Some utilities, regulators, legislators, and other stakeholders have proposed and initiated actions 
that change the way net-metered customers are compensated for the energy they produce.  

In 2013 and 2014, 20 utilities serving more than 15 million customers in 16 states filed proposals 
that would reduce distributed solar compensation levels. Currently, public utility commissions in 
eight states are reviewing proposals filed by utilities to increase fixed charges (Figure 2). 
Utilities seeking to modify rate structures, even those with low percentages of net-metered 
customers, have expressed the need to address NEM-related cost recovery or cost-shifting issues 
through rate redesign (Steward 2014; WPS 2014).  

Proposed changes can be either applied to net-metered customers or to a whole customer class. 
Proposed changes typically target residential and small commercial customers because larger 
customers pay demand charges that offset fixed utility costs. 

In 2014, 12 states enacted laws related to net metering. Ten of the enacted bills established, 
clarified, or expanded the state’s NEM policy. Enacted laws in two states may reduce the 
benefits for net-metered systems. Kansas enacted legislation that reduces the availability of NEM 
and could result in additional charges for NEM customers in the future. Oklahoma enacted 
legislation that could also result in additional charges for NEM customers, potentially making 
ownership of distributed renewables less attractive. Utah’s Senate Bill 208 is marked as neutral 
in Figure 9 because its consequences depend on the results of a study required by the legislature. 
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Figure 9. NEM-related bills enacted in 2014 

Source: Durkay 2014 

3.1 Fixed and Standby Charges 
Utilities most commonly rely on volumetric charges to recover the majority of the costs of 
servicing residential customers. According to the U.S. Utility Rate Database,9 a storehouse of 
rate structure information from utilities in the United States containing more than 36,000 
approved rates, the median monthly fixed charge for residential customers is $11.71. Generally, 
these charges are intended to recover the costs of metering, billing, and payment processing, and 
are frequently also referred to as customer charges (Lazar 2014). 

Proposed increases to fixed charges may apply only to net-metered customers or to all ratepayers 
in a given class (generally residential and small commercial customers, who typically do not pay 
demand charges). Additional fixed charges may be proportional to the size of the installed 
generator. Their main purpose is to allow the utility to recover the costs of maintaining and 
operating the grid. In 2013, the Arizona Corporation Commission approved a fixed monthly 
charge for residential customers of $0.70 per kilowatt (kW) of installed system capacity to 
compensate for costs shifted from net-metered customers to other utility customers in the 
territory of Arizona Public Service (APS) (Cardwell 2013; Martin 2013). A 6-kW distributed PV 
system could see a reduction in compensation levels of 4.1% in the first year of operation under 
the approved monthly fixed charge in APS’s territory (Table 7).  

An increase in fixed charges may be proposed in conjunction with a reduction in volumetric 
energy charges. The Wisconsin Public Service Commission (WPSC) approved in 2014 an 
increase in the monthly fee for Wisconsin Public Service (WPS) residential customers from 
$10.00 to $19.00, and a decrease in the price per kWh from roughly $0.111 to $0.102 (Content 
2014). This lowers the value of the energy offset by distributed PV systems, contributing to the 
decrease in savings for PV customers. In the first year after the WPS rate change is implemented, 

                                                 
9 http://en.openei.org/wiki/Utility_Rate_Database.  

http://en.openei.org/wiki/Utility_Rate_Database
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a residential PV customer using a 6-kW system will see a savings decrease of 17.5% (Table 7). 
Smaller systems would see a higher percentage reduction in compensation levels because the 
charge does not take system size into account. 

Text Box 4: Grandfathering 
A difference between the fixed charges approved for APS and WPS is that in the case of the former, PV 
customers who installed their systems before the rate increase took effect were exempt. This is called 
grandfathering and does not apply in the case of WPS, where existing PV customers will see a reduction 
in the way their energy is compensated by the utility. Grandfathering is an important issue for existing PV 
customers and investors because the value of systems that have already been installed, and potentially 
securitized, could decrease from what was originally calculated under a different rate (see Section 4.3). 

Standby charges are meant to cover the utility costs to ensure that individual PV customers have 
power available when their generation systems are not producing enough energy. Standby 
charges may be proportional to the customer’s monthly peak demand. In 2011, Virginia’s 
legislature approved a monthly standby charge of $4.19 per kW of monthly peak demand, 
applicable to residential PV customers whose systems range between 10 kW and 20 kW of 
nameplate capacity (Passera 2011; Lillian 2011). In 2014, Central Maine Power proposed 
replacing the existing service charge with a flat monthly standby charge of $24.83 for net-
metered renewable energy generation systems, an increase of $15.47 from the then-current rate 
of $9.36. The standby charge would have been applicable regardless of system size to both 
existing and new systems (Gibson 2014), reducing the NEM compensation level for existing 
customers by 16.7% in its first year. Maine regulators approved increasing the monthly charge to 
$10.65 (see Table 7).  

3.1.1 Fixed and Standby Charges Effects on Residential Solar PV Owners 
Table 7 summarizes five proposed rate design modifications that would reduce compensation 
levels for net-metered utility customers. A hypothetical 6-kW PV system installed in each 
utility’s territory was used to model the impacts of the rate structure changes.10  

The values in the columns describing proposed changes only reflect the differential between the 
proposed and current rates. For example, Idaho Power proposed increasing the monthly fixed 
charge for NEM customers from $5 to $20.92, a differential of $15.92. The differential is 
expressed as a negative number because this is the value that the customer would see subtracted 
from the savings the customer’s system would provide if no change was implemented. Similarly, 
the table shows the differential between proposed and existing volumetric retail rates, such as the 
0.87 cents/kWh rate decrease approved for Wisconsin Public Service.  

                                                 
10 Parameters and methodology to simulate such a system are described in the Appendix. 
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Table 7. Proposed Rate Changes and the Impacts on a Hypothetical 6-kW System 
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Idaho Power 
(ID) Denied $778 -$15.92 -$1.48 -$0.02 -$503 -64.7% No 0.1% 

Xcel Energya 
(CO) 

Separated 
from docket $952 

  

-$0.06 -$535 -56.2% Yes 1.2% 

WPSb (WI) Approvede $994 -$9.00 

 

-$0.01 -$174 -17.5% No 0.1% 

APSc (AZ) 
Approved 
as amended $1,226 

 

-$0.70 

 

-$50 -4.1% Yes 2.0% 

CMPd (ME) 

$10.65 fixed 
charge 
approved $1,109 -$15.47   -$186 -16.7% No N/Ag 

See Appendix for detailed parameters and assumptions. Annual PV production assumes that every kWh 
is compensated at retail prices either because it is consumed instantly or net-metered, as opposed to 
compensated at wholesale prices or forfeited at the end of the NEM cycle. The table is meant for 
illustrative purposes only and does not necessarily reflect the loss in savings that customers for each of 
these utilities would experience. Actual values ultimately depend on consumption profiles and other 
parameters specific to each customer. 
a Xcel Energy submitted its estimate of the value of distributed PV but did not propose any immediate changes. 
b Wisconsin Public Service Corp. 
c Arizona Public Service 
d Central Maine Power Company 
e A judge in Wisconsin remanded two of the provisions approved (maximum size and netting period) back to the state regulators 
(Content, 2015). This decision does not affect this analysis. 
f Ratio of net-metered customers to total customers at the end of 2013. Source: EIA 2015b. 
g Not reported. 

3.2 Minimum Bills 
Minimum bill requirements are intended to ensure that all customers pay their share toward the 
costs of maintaining the electric grid, even when their net consumption is close to zero or 
negative for a given bill cycle. This mechanism works by requiring utility customers to pay their 
bill as normally calculated or a minimum monthly charge, whichever is higher.  

California’s Assembly Bill 327, enacted in 2013, authorizes the state’s Public Utilities 
Commission to approve requests from utilities to impose fixed charges or minimum bills of up to 
$10.00 per month to residential customers. In Massachusetts, a bill authorizing minimum bills 
died in the legislature in 2014 (Davis 2014). 

Fixed charges are more likely to increase the cost of electricity than minimum bills11 for PV 
customers because fixed charges are assessed regardless of consumption level for a given billing 

                                                 
11 Assuming fixed charges and minimum bills are assessed at a similar level. 
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cycle. Minimum bills, on the other hand, are only triggered in cycles when net consumption is 
close to zero or negative. It has been estimated that a 6.3-kW system installed in Massachusetts 
could see a reduction in savings of 8.5% if a $10.00 per month fixed charge was imposed in the 
state, as compared to 2.8% under a $10.00 minimum bill (Cornfeld and Kann 2014).12  

Table 8. Comparison Between Minimum Bills and Fixed Charges in Massachusetts (NStar utility 
territory)  

Charge System Size 
Modeled 

Charge Amount Estimated 
Savings 
Reduction 

Minimum Bill 6.3 kW $10, monthly 2.8% 

Fixed Charge 6.3 kW $10, monthly 8.5% 

Source: Cornfeld and Kann 2014 

3.3 Demand Charges 
Rates based on volumetric charges may make it more difficult for utilities to recover capacity 
costs from NEM customers (see Text Box 2). Demand-based rates, on the other hand, assess a 
charge each billing cycle based on customer peak demand and have been most commonly 
applied to larger commercial and industrial customers (Hledik 2014). NEM offsets volumetric 
use and therefore offers greater economic advantages to PV customers under usage-based rate 
schedules. 

In 2013, the Arizona Public Service (APS) asked state regulators for authorization to either bill 
new residential net-metered customers under a rate schedule that includes demand charges 
(specifically schedule ECT-2) or purchase all of their generation at a rate based on wholesale 
rates13. A residential 7-kW system under APS’s existing ECT-2 demand-based rate could see a 
cut in electricity savings of 48% over its economic life (Kennerly et al. 2014). 

3.4 Wholesale Rates 
Most current NEM programs require the utility to credit every kWh exported by net-metered 
systems at the retail rate. As mentioned above, one of the changes proposed by APS in 2013 was 
to purchase all of the generation from residential net-metered customers’ wholesale rates. This 
option would compensate generation independently from consumption, in stark contrast with 
NEM. It has been calculated that APS’s proposal would represent a decrease of approximately 
70% from NEM compensation levels (ASU-EPIC 2013). In 2013, Xcel Energy in Colorado 
submitted testimony showing its estimated value of distributed PV generation, which was 
roughly $0.06 per kWh lower than the retail rate (Hyde 2013). A 6-kW system compensated at 
that level could see a reduction in savings of 56.2% in the first year after the implementation of 
the new rate (Table 7). 

                                                 
12 In Massachusetts, net metering credits can be used to offset monthly customer charges, making it possible for  PV 
customers to pay $0 in a given billing cycle. 
13 Existing residential PV customers would have been grandfathered, Docket No. E-01345-13-0248. 
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3.5 Value of Solar Tariff 
Under a value of solar (VOS) tariff, PV customers are credited for the energy they export to the 
grid at a rate that includes the cost for the utility to generate and deliver a unit of renewable 
energy to the point of consumption. The calculation also includes the value assigned to the 
environmental and renewable attributes of solar generation. A VOS tariff may compensate 
generation separately from consumption (Rábago 2013). 

Calculating the VOS tariff involves selecting the relevant benefits and costs of solar generation 
and calculating their monetary value. The process of designing a VOS tariff can be contentious 
because some stakeholders may disagree on what categories of value may be considered relevant 
or on the methodology to value each category. Wind, biomass, combined heat and power (CHP), 
fuel cells, and other distributed energy resources may require their own specific calculations 
because they offer different utility value profiles than distributed solar (Taylor et al. 2015), 
which could result in an expensive and long process. 

A potential concern with this type of compensation mechanism is its variability. One of the main 
factors in the VOS calculation is the projected price of natural gas, which may vary considerably 
from year to year, represented in VOS calculations as avoided fuel cost (Figure 10). In Austin, 
yearly rate adjustments have created significant uncertainty for existing PV customers and made 
it more difficult for prospective customers to decide whether to invest in a PV system (White 
2014). The VOS tariff implemented in Minnesota avoids this problem by locking the value of 
solar—adjusted for inflation—for the duration of the contract (Minnesota Office of the Revisor 
of Statutes 2013). 

 
Figure 10. Relative weights for all the components in a 25-year levelized VOS calculation 

developed by the Minnesota Department of Commerce for illustrative purposes. 
Source: Minnesota Department of Commerce 2014 

With all other variables held constant, the effect of a fixed VOS tariff, such as Minnesota’s, on 
the economics of distributed PV systems as compared to net metering depends primarily on the 
initial value of solar per kWh and the rate at which retail electricity prices increase during the life 
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of the system. In the case of a hypothetical 6-kW system installed in Minnesota,14 an initial VOS 
rate that is higher than the retail price of electricity results in a higher net present value (NPV) 
than net metering, as expected. If retail electricity prices rise at a rate higher than inflation, the 
NPV of a system under VOS will be lower than net metering because NEM compensation is 
equal to retail prices and VOS is fixed over the life of the system (Figure 11). 

 
Figure 11. Comparison between the net present value of VOS and NEM under different electricity 

price escalation rates and initial value of solar rate as a percentage of retail rate 

Participation in a VOS tariff program may have tax implications that could severely undermine 
the economics of residential solar systems. First, it may render PV customers ineligible for the 
federal investment tax credit (ITC), which currently equals 30% of the cost of systems installed 
before the end of 2016. Second, revenues received under the VOS tariff may qualify as taxable 
income (Hines 2015). A VOS tariff participant in Austin requested an Internal Revenue Service 
(IRS) review of the tax implications for PV customers compensated through Austin Energy’s 
VOS rate (Trabish 2014). As of August 22, 2015, the IRS has not clarified its position on the 
matter. 

Text Box 5: VOS Tariff Implementations in the United States 
Austin Energy, a municipal utility in Texas, was the first utility to design a VOS tariff. As of August 22, 
2015, Minnesota is the only state with a VOS tariff. An important difference between Minnesota and 
Austin is that in the former, VOS rates are locked in for individual customers during the 20-year duration 
of the contract (Minnesota Office of the Revisor of Statutes 2013). Also, utilities in Minnesota can decide 
whether to use the VOS tariff or NEM. In Austin, that decision is left to individual PV customers and their 
compensation rate may be adjusted yearly by regulators (Farrell 2014).  
The Minnesota Public Utilities Commission has not calculated the official VOS rate because no utility has 
yet chosen to use it. In its testimony during the proceedings, Xcel Energy estimated a value of solar rate 
of $0.145/kWh, compared to a $0.1285/kWh statewide average rate for residential customers (Xcel 
Energy 2014). 
  

                                                 
14 Assumes a capacity factor of 15%, a discount rate of 2%, an installation cost of $3.12/W, and that under net 
metering all the energy output is compensated at retail rates. Uses a retail rate value of $0.1285/kWh and a VOS of 
$0.145/kWh, as calculated by Xcel Energy (2014). 
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4 Reform Options that Preserve Value for 
Stakeholders 

The effects of net-metered PV on utility revenues and non-PV customers are smaller at lower 
penetration levels (CPUC 2013; Satchwell 2014). However, increasing levels of distributed PV 
could affect utilities in ways that may not have been foreseen when current compensation 
mechanisms were put in place. In response, utilities are using different strategies aimed at 
adapting to a changing environment and protecting their revenues. In certain instances, 
legislative reforms and rate design changes create uncertainty for the PV industry and PV 
customers. Transitioning from current policies in a deliberate and transparent way and in the 
right timeframes could help stakeholders adapt to new levels of distributed solar penetration and 
preserve economic value.  

The strategies discussed in this section are not all equally effective at protecting stakeholder 
value, and they all carry their own tradeoffs. For example, increased fixed charges are likely to 
reduce value for net-metered customers and reduce returns for stakeholders. The most effective 
combination of strategies will depend on current market conditions and stakeholder goals. 

Pressure to change existing conditions may build up when the interests of one or more 
stakeholders are severely affected. Implementing options that protect the interests of all 
stakeholders, as much as possible, could bring the additional benefit of longer term stability.  

The benefits and costs of current policies may shift as technology and market conditions evolve. 
This creates the necessity to consider policy options able to adapt and evolve as conditions 
change. PV costs and penetration are two of the variables that could be potentially used to select 
the appropriate combination of value-preserving options. At low levels of penetration, net 
metering does not pose a threat to any stakeholder. Figure 12 shows net metering as an option for 
scenarios with low levels of PV penetration. As the cost of PV falls and penetration levels rise, 
other options, such as the ones presented in this section, could be used to balance the interests of 
the involved stakeholders. In general terms, higher levels of PV penetration could require options 
that increase the sophistication of the system. For example, unbundling the price of utility service 
components would represent a higher level of system sophistication than fixed monthly charges, 
mainly because the latter do not require the use of advanced metering capabilities and billing 
would be simpler.  

This section presents DG compensation options that can be implemented independently or in 
combination to provide stakeholders with certainty and preserve stakeholder value.  
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Figure 12. Compensation options grouped by category and level of complexity 

4.1 PV Generation Compensation Options 
4.1.1 Declining Levels of Compensation 
At the point when the effects of cost-shifting become 
relevant, as evaluated by regulators, compensation for new 
PV customers could be adjusted based on indicators such 
as the cost of installed distributed PV and electricity rates 
in jurisdictions and utilities where rebates have been 
phased out. The goal would be to keep distributed PV 
compensation at a relatively steady level that promotes 
adoption and avoids overcompensation. 
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Text Box 6: PV Pricing Trends 
Technological innovation has historically driven the costs of solar PV systems down and continues to do 
so. Falling PV system costs reduce the industry’s reliance on policy-based incentives and compensation, 
reducing in turn the regulatory risk presented by potential changes in NEM laws and regulations. 
Residential- and commercial-scale PV system prices have declined by about 6% to 7% per year on 
average between 1998 and 2013. Between 2012 and 2013, the decline in prices was between 12% and 
15%. Analysts expect PV pricing to continue to decrease in the long term (Feldman et al. 2014). The U.S. 
Department of Energy’s SunShot initiative has a goal to decrease the non-hardware costs of installing 
solar PV systems, such as permitting and financing, by 80% (from $2.50/WDC to $0.50/WDC) by 2020 
(DOE n.d.).  

4.1.2 New Distributed Generation Compensation Options 
Under net metering, every kWh produced by distributed systems is credited with one kWh. In 
areas where utility-administered incentives, such as rebates, have been phased out, PV customers 
could be compensated at a rate between wholesale and retail. Compensation step-downs could be 
set as a function of relevant variables, such as PV costs and retail rates. Scheduled declines like 
step-downs based on pre-determined dates may not necessarily align with market conditions and 
unfairly affect one party over the other. Declines in compensation based on objective and 
transparent information could help minimize the impact of cost-shifting and facilitate a fair rate 
of return for PV customers. 

Other mechanisms to compensate DG have been proposed, such as the VOS tariff described in 
Section 3.5. A more sophisticated compensation approach is the distributed locational marginal 
pricing (DLMP), an approach that is analogous to the way generation is compensated in 
wholesale competitive markets for electricity. DLMP would price DG according to location and 
real-time demand and congestion conditions. The primary goal of these mechanisms is to more 
accurately compensate DG for its attributes and encourage its use and deployment in ways and 
locations that support grid reliability. 

Text Box 7: Grid Support 
Distributed solar could support grid reliability by providing services such as reactive power regulation and, 
in cases of high penetration levels, smoother ramping rates (McLaren 2014). Economic signals could 
encourage PV customers to provide such services when needed by the utility. 
Economic signals could also encourage the location and configuration of PV systems in ways that benefit 
grid operation. For example, price signals could encourage prospective PV owners to install their systems 
facing west to support generation in the late afternoon, when demand peaks, or in distribution lines that 
have adequate carrying capacity (Edge et al. 2014). 

Experience with these compensation mechanisms is still too limited to offer a clear 
understanding of their effects on PV system economics. Variable compensation mechanisms 
could increase volatility and revenue uncertainty for PV customers, which in turn could 
discourage PV adoption.  
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4.1.3 Grandfathering and Long-Term Contracts 
Adjustments in regulation and compensation levels may be 
necessary to accommodate an evolving market where the 
economics and impacts of distributed solar are constantly 
changing. The solar industry can plan for this changing 
environment. However, systems that are already installed 
are vulnerable when changes in policies do not protect their 
value. 

Grandfathering provisions exempt existing customer 
generators from changes in NEM policies or compensation levels that could affect their future 
cash flows. Clear grandfathering provisions written into policies as they change could help 
preserve value for existing PV customers. These provisions are important because the calculation 
of solar PV benefits for potential PV customers is based on policies current at the time the lease 
or sale contract is signed. Uncertainty regarding solar PV economics could send a negative signal 
to potential solar adopters and severely affect adoption rates. This, in turn, can negatively affect 
the solar industry as a whole and could lead to economic and job losses.  

Currently, lack of performance data makes it difficult to assess the effect of the variability of 
alternative compensation mechanisms (described in Section 4.1.2) on PV system economics. The 
experience with solar renewable energy credits (SRECs) (see Figure 13), which have been used 
since at least 2007 (Hart 2010), demonstrates that the effects of volatility include increases in the 
cost of solar financing and uncompetitive market outcomes (Felder and Loxley 2011). Incentives 
and long-term contracts (during which compensation levels would not change) could promote 
revenue certainty for PV customers. 



24 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

 
Figure 13. Historical auction SREC prices 

Source: EERE 2015 

4.2 Retail Electricity Pricing Options 
4.2.1 Higher Fixed Monthly Charges 
Utilities are increasingly filing for higher fixed monthly charges to compensate for the effects of 
growing levels of net-metered PV. However, increasing fixed charges can reduce the value of PV 
systems because fixed charges reduce the savings for PV customers (see Table 7 in Section 3). 
Increased fixed charges are disadvantageous for smaller consumers and discourage energy 
conservation,15 particularly when coupled with lower per-kWh charges (Lazar 2014). In the long 
term, more consumption could increase infrastructure and generation needs, adding to the overall 
cost of service. 

High customer fixed charges could exacerbate the loss of returns for utility shareholders. 
Although fixed charges may help reduce the economic impact of distributed PV resulting from 
reliance on volumetric energy charges in the short term, a higher fixed charge sends an economic 
signal to customers to disconnect from the grid (Satchwell et al. 2014; Byrd et al. 2014). The 
decreasing costs of both PV and electricity storage technologies increase the possibility of 
customers reducing their reliance on grid energy and services (see Text Box 8). Losing even a 
small fraction of retail energy sales could have a large impact on utility economics (Bronski et al. 
2015).  

Minimum bills address revenue adequacy by guaranteeing the utility a minimum annual revenue 
from each customer, regardless of their usage level (Lazar 2014). Minimum bills do not reduce 
savings for PV customers as much as fixed charges of the same amount because they are not 
assessed when consumption reaches a minimum threshold (see Table 8 in Section 3.2). 
                                                 
15 Fixed charges are fixed not only month to month for each customer, regardless of actual consumption, but also 
across each customer class. This means that fixed charges represent a higher proportion of the total electricity bill 
for low-use customers compared to high-use customers within the same class. 
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Text Box 8: Energy Storage  
Net-metered systems need the grid to export surplus energy when it is not instantaneously consumed on-
site and to provide energy when the system is not producing enough. Energy storage reduces or 
eliminates that need. The costs of both solar PV and energy storage systems show a downward trend 
that is expected to continue (Feldman et al. 2014; Makhyoun and Taylor 2014). Battery costs for electric 
vehicles have decreased much faster than expected, reaching in 2014 the level that the International 
Energy Agency predicted they would reach in 2020 (Smith 2015). As technology costs continue to 
decrease, the levelized cost of systems that combine PV and storage will intersect with the cost of electric 
energy delivered by utilities, reducing or eliminating the need to exchange energy with the grid, at least 
for customers who can find a way to finance the upfront costs of the technology.  

4.2.2 Alternative Retail Pricing Mechanisms  
Volumetric energy rates may be inadequate to recover the capacity costs of servicing PV 
customers whose net energy consumption is close to zero (see Text Box 2). Single fixed charges 
do not fully and accurately reflect the value of the services provided by the utility, which include 
the energy provided and the maintenance of the distribution 
network, because each customer has a unique load profile 
(Overcast 2015). More accurate retail pricing could help 
utilities recover the costs of servicing their customers, even 
those with distributed energy resources, without 
discouraging the adoption of new technologies (Glick et al. 
2014). 

Utilities must have enough capacity available to service 
their customers’ peak demand. Demand charges based on 
the maximum demand could be an efficient method to recover capacity costs (Overcast 2015). 
However, demand charges could encourage the use of solar-plus-battery systems to reduce peak 
demand, which in turn could reduce customers’ reliance on the grid and exacerbate cost recovery 
issues for utilities (Trabish 2015; Bronski et al. 2015). 

The goal of time-of-use rates and real-time retail pricing of electricity is to send price signals that 
reflect more accurately the changes in generation costs as demand changes during the day and 
across seasons. Similarly, unbundling the components included in the services that utilities 
provide has the goal of reflecting more accurately the costs of supplying customers with energy 
and grid services. Unbundling rates could help utilities recover costs from services that PV 
customers use but may not pay for under a traditional, volumetric rate.  

When alternative retail pricing mechanisms are used, such as time-of-use rates, bill credits may 
be calculated by multiplying the energy exported to the grid (in kWh) by the energy component 
of the tariff valid at the time of generation. Alternatively, the electricity buying and selling 
transactions could be completely separated. In that case, different compensation and retail 
pricing mechanisms could be used.  
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4.2.3 Paying for the Clean Attributes of PV Generation 
Compensating PV customers for the clean attributes of the energy generated through solar PV 
imposes costs to the electric system. In renewable portfolio standards (RPS), these costs are 
typically distributed among ratepayers through a surcharge on customer bills. Regulators could 
look into whether cost-shifting induced by NEM is occurring, at least partially, because the costs 
of paying for the clean attributes of PV are transferred to non-participants. If that is the case, 
regulators could create a mechanism that acknowledges the benefits of paying for the clean 
attributes of renewable energy and formalizes the collection of revenue from non-participants. 

4.3 Protecting Utilities’ Revenue Adequacy 
Net metering does not represent a risk for utilities at lower levels of distributed PV penetration. 
The effects of net metering on utilities’ revenues and shareholder revenue generally may grow in 
proportion to distributed solar penetration levels (see Figure 5 and Figure 6 in Section 2.2.1).16  

4.3.1 Net Metering Sunsetting Provisions and Caps  
Policies that include sunset or adjustment provisions tied to timelines 
or penetration levels could provide long-term certainty for utilities. 
As of August 2014, 25 of the 43 states with net metering policies had 
peak or capacity caps, 15 and the District of Columbia had no 
restriction, and 3 had notification policies (Heeter et al. 2014). 

Utilities could commit to refrain from proposing legislation or rates 
that reduce compensation levels in exchange for the added certainty. 
The agreement described in the text box below offers an example of 
how sunsetting provisions may work. 

Text Box 9: South Carolina’s Multi-Stakeholder Agreement  
In 2014, utilities, environmental organizations, and solar advocacy groups in South Carolina signed an 
agreement to support distributed solar and balance the interests of all stakeholders. 
Under the agreement, the signing utilities will continue net metering at least until 2025 and provide 
incentives in a manner that gives “price certainty to the customer-generator over a defined term” (ORS 
2014). Utilities also agreed not to file for rate modifications that would undermine the spirit of the 
agreement (e.g., increased fixed fees) until it expires at the end of 2020. Importantly, the agreement also 
includes a methodology for utilities to recover lost revenue from net metering.  
A revision of the program is scheduled for 2020 and sunset provisions give certainty to utilities that net 
metering provisions will be revisited in the future. Customers and investors get longer-term cash flow 
certainty, and the rest of the solar industry knows what incentives and rate structures will look like for the 
next six years (Swartz 2014; ORS 2014). 

  

                                                 
16 DG is only one of several factors that can reduce revenues for utilities. Others, such as energy efficiency and 
storage, are not covered in this report. 
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4.3.2 Reducing Utility Revenue Lost to Distributed PV 
Strategies that protect utility value can be considered when 
levels of distributed PV penetration reach previously 
established thresholds. Specific penetration trigger levels 
could be calibrated depending on the type of utility, rate 
structure, load growth and other factors. 

Potential strategies to reduce utility revenue lost to 
distributed PV include a shareholder incentive based on 
performance metrics (such as PV penetration goals) and 
ownership of distributed PV systems on either side of the meter.  

Text Box 10: Examples of Utility Ownership of Distributed PV  
The goals of distributed PV utility ownership include gaining expertise in owning and operating distributed 
PV, locating distributed PV systems where they could support grid operations more appropriately, and 
testing advanced functions such as voltage support (Kauffman 2015; Duke Energy, n.d.) 
Duke Energy in North Carolina owns and maintains solar systems located on the roofs of large 
commercial or industrial buildings and residential rooftops. Participating customers do not incur any costs 
and receive annual rental fees. Duke Energy maintains ownership of the electricity (Duke Energy, n.d.).  
Public Service Electric and Gas (PSE&G) has installed more than 100 MW of PV in its territory, including 
DG systems in public and private properties (PSE&G 2015).  
In December 2014, the Arizona Corporation Commission approved Tucson Electric’s program for 500 to 
600 customers to install PV systems owned by the utility. The participants will pay an upfront fee of $250 
and a fixed monthly payment based on their average monthly usage (Kauffman 2015). 

 

Figure 14. Location of utility-owned PV systems by utility type  
Source: Solar Electric Power Association. 
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4.3.3 Preserving Shareholder Value 
Utility customer PV adoption may defer investment on 
generation, leading to a reduction in utility shareholder 
returns. The strategies that can help preserve value for 
utility shareholders include revenue-per-customer (RPC) 
decoupling and other regulated mechanisms for utilities to 
recover lost revenue, such as performance incentives and 
lost revenue adjustment mechanisms (LRAM).  

The goal of decoupling is to ensure the recovery of a 
defined amount of revenue regardless of electricity sales in a given period. RPC is the most 
common decoupling method used. RPC uses the number of customers served as the driver for 
computing allowed revenues between rate cases. Rates are adjusted up or down, typically once a 
year, to meet allowed revenues at the end of the adjustment period (RAP 2011). 

Financial incentives aim at compensating utilities for the shareholder returns lost due to the 
deferral of investments in utility generation. 

An LRAM is an alternative to decoupling that allows a utility to recover revenues that are 
reduced as a result of a specific program, such as energy efficiency or net metering programs, as 
evaluated by a third party. LRAM only covers the portion of the lost revenues needed to cover 
the utility’s existing fixed costs; variable costs, such as fuel, are not covered by LRAM. 
Currently, 17 states have LRAM policies (Indiana Energy Association 2015; ACEEE 2015). 

Generally, utilities’ costs grow faster than their revenues. Distributed PV adoption can 
exacerbate ROE reductions due to the lag between filing of rate cases and implementation of 
new rates. Increasing the rate case frequency, or reducing regulatory lag, can also have a positive 
impact on shareholder ROE (Satchwell et al. 2014).17  

4.4 New Utility and Business Regulatory Models 
New utility business and regulatory models are featured at the top 
of Figure 12. These models change the relationship between 
stakeholders at the distribution level and represent an important 
departure from the way the distribution grid in general has been 
regulated for decades. 

A broad range of recent literature reflects on the role that utilities 
and regulators will play in a changing electricity industry (see 
Bibliography). The authors generally take a long-term, holistic 
perspective of the electric system and describe potential changes to the operation and regulation 
of the distribution system. The issues considered include the integration of variable renewable 
energy into the distribution network, the viability of the current utility business model in the face 
of technological disruption, and the role of regulators in facilitating a potential transition to a 
different model.  

                                                 
17 More in-depth discussions about comprehensive strategies that utilities could follow to mitigate the effects of 
customer-side energy technologies on their business models can be found in the bibliography section. 
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The number of utility business models is not defined and the business models are not uniformly 
named. The list of utility business models presented at the top of Figure 12 is not intended to be 
comprehensive. In several of these new models, the utility’s profit is not directly tied to energy 
sales and therefore is indifferent to increases in energy efficiency and distributed generation 
levels.  

The Distribution Utility is sometimes referred to as wires-only because it does not own 
generation assets, only the distribution network. This model may still be vulnerable to low 
demand growth rates because the bulk of distribution charges are typically tied to sales (Faruqui 
2014). The Energy Services Utility focuses on selling customers lowest-cost end-use services 
such as cooling, heat, and light. Additionally, this type of utility could assist its customers to use 
energy more efficiently and provide on-bill financing (Fox-Penner 2014). Finally, the Platform 
and Integration Utility owns and operates the distribution network in a way that enables the 
efficient and cost-effective integration of distributed energy resources. This utility is responsible 
for creating and maintaining the infrastructure, markets, and information exchange systems that 
transparently and efficiently integrate and compensate distributed resources. 

Text Box 11: Reforming the Energy Vision 
The state of New York is forging a unique path in the United States through its Reforming the Energy 
Vision (REV) initiative launched by the state’s Public Service Commission. The REV initiative calls for 
utilities to act as platform providers. This includes owning and maintaining the distribution system as well 
as creating “markets, tariffs, and operational systems” to enable a wider deployment of DG, energy 
storage, and demand response technologies. Ultimately, the new model would unbundle the integrated 
price of electricity and replace NEM with market mechanisms that would act as both incentives and 
compensation for the environmental and system benefits that distributed PV systems bring to the grid 
(NYDPS 2014). 
Although it would be premature to predict what role NEM policies will play under these new 
models, the trend seems to be to place the emphasis on market forces and tariff-based incentives, 
instead of NEM, to promote distributed energy resources and more accurately assign a cost to PV 
and other forms of distributed generation. 

More information about new utility models can be found in the sources listed in the Bibliography 
section.  
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5 Conclusions 
Changing circumstances, such as increasing DG penetration levels and decreasing solar costs, 
have prompted utilities, regulators, and other stakeholders to examine the current mechanisms 
used to compensate owners of distributed PV systems. Two areas that have experienced 
increased activity are rate redesign and legislative reforms. Even though DG compensation levels 
remain stable nationwide, uncertainty can have negative effects on the rate of expansion of the 
solar industry. Additionally, existing owners of distributed PV systems are vulnerable to rate 
changes that do not include grandfathering exemptions. 

It may prove important to review and possible recalibrate DG compensation policies as markets 
continue to evolve, and if an unbiased cost-benefit analysis concludes that changes to existing 
policies are warranted. Deliberate changes that take into account the balance of interests among 
the different stakeholders can help preserve value across stakeholder groups and for society as a 
whole. Several options that offer long-term certainty to stakeholders were discussed in Section 4. 
However, immediate reforms to the way PV customers are compensated may not be needed in 
most jurisdictions at the levels of penetration in place today. 

Balancing stakeholder interests and providing a stable environment where utilities, customers, 
and the solar industry can experience certainty can maximize value system-wide. 
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Glossary 
Net energy metering (NEM) 
Net metering is a methodology under which electric energy generated by or on behalf of a  PV 
customer and delivered to the electricity provider distribution facilities may be used to offset 
electric energy provided by the electricity provider to the  PV customer during the applicable 
billing period (IREC 2009).  

Grandfathering 
A grandfathering provision excludes systems installed before a certain date (typically the date 
when the new rate becomes effective) from rate reform. The rate structure for grandfathered PV 
customers does not change for a period up to the life of the system. 

Distributed generation  
Electric generation systems interconnected to the distribution network. 

PV customer 
In this report, the term is used broadly to describe utility customer who owns a distributed PV 
system or other types of distributed generation system.  

Customer charges 
Fees that utility customers pay every month regardless of consumption, typically in the $5 to $10 
range. Customer charges are meant to cover the costs of customer billing and collection. 

Fixed charges  
Charges that the utility includes in monthly electricity bills and that are assessed independently 
of consumption. Fixed charges are meant to recover the costs of customer billing and collection, 
and other costs that do not vary with consumption, such as distribution infrastructure capital and 
maintenance costs. 

Minimum bills  
A monthly charge assessed only in cases when customer consumption charges do not reach a 
minimum threshold. The difference with fixed charges is that minimum bills do not apply when 
monthly consumption charges do reach said threshold. 

Value of solar tariff  
An electric tariff meant to compensate distributed PV generators for avoided utility and 
environmental costs.  

Non-PV customer, non-participant ratepayer  
A utility customer who does not own a distributed generation system and therefore cannot 
participate on NEM programs. 

Investor-owned utility (IOU) 
A privately-owned, publicly traded electricity company that is regulated by a state regulatory 
body.  
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Renewable portfolio standard (RPS) 
RPSs require utilities to use or procure renewable energy or renewable energy credits (RECs) to 
account for a certain percentage of their retail electricity sales—or a certain amount of generating 
capacity—according to a specified schedule. (Renewable portfolio goals are similar to RPS 
policies, but goals are not legally binding.) The term “set-aside” or “carve-out” refers to a 
provision within an RPS that requires utilities to use a specific renewable resource (usually solar 
energy) to account for a certain percentage of their retail electricity sales (or a certain amount of 
generating capacity) according to a set schedule (DSIRE n.d.). 
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Appendix. PVWatts Simulation Parameters 
The PVWatts® (http://pvwatts.nrel.gov/) online tool was used to simulate a 6 kW system installed in the territory of each utility in 
Table A-1. Annual PV production is the result of the total yearly output in kWh, times the energy rate. Source for energy rates 
are Genability, OpenEI Utility Rate Database, documents filed in the relevant public utility commission dockets, and the utility 
websites. 
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Idaho Power ID Denied $778 -$15.92 -$1.48 -$0.02 -$503 -64.7% Boise, ID 8,645  $ 0.09  

Xcel Energy CO 
Separate 
Docket $952 

  

-$0.06 -$535 -56.2% Boulder, CO 9,066  $ 0.11  

Wisconsin 
Public Service 
Corp WI Approved $994 -$9.00 

 

-$0.01 -$174 -17.5% Green Bay, WI 7,645  $ 0.13  

Central Maine 
Power ME 

closed, $10.65 
FC for all res $1,109 -$15.47 

  

-$186 -16.7% Augusta, ME 7,987  $ 0.14  

Arizona Public 
Service AZ 

Approved as 
amended $1,226 

 

-$0.70 

 

-$50 -4.1% Phoenix, AZ 1,0220  $ 0.12  

 

 

http://pvwatts.nrel.gov/
http://www.genability.com/
http://en.openei.org/wiki/Utility_Rate_Database
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