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Distributed energy resources (DERs) such as solar photovoltaics (PV), wind turbines, 

electric vehicles and storage have proliferated in recent decades, coinciding with a 

decrease in price.1 Customers who install distributed generation (DG) receive 

compensation from the utility for the value of the electricity they produce, through a policy 

known as net energy metering (NEM) or net metering. NEM has a long tradition in 

Wisconsin. The Wisconsin Public Service Commission (PSC) established rules in 1982 to 

require investor-owned and public utilities to offer net metering .2 Rapid changes in 

technology, decreasing prices and the evolution of the electricity system since then make 

this an ideal tim e to reexamine NEM in Wisconsin.  

In June 2020, the Wisconsin commission issued a notice of investigation to consider 

parallel generation purchase rates.3 After receiving data, comment and staff 

memorandums, the commission issued an order in May 2021 requiring five utilities to file 

tariffs updating their avoided cost -based rates for parallel generation, consistent with the 

commissionôs order. Additionally, the commission directed further review of net metering 

 
1 Distributed solar cost approximately $12 per watt in 2000 and fell in 2019 to between $2.30 and $3.80 per watt, depending on the size and 

market. Barbose, G., Darghouth, N., OôShaughnessy, E., & Forrester, S. (2020). Distributed solar 2020 data update. Lawrence Berkeley 

National Laboratory. https://emp.lbl.gov/sites/default/files/distributed_solar_2020_data_update.pdf  

2 Wisconsin Public Service Commission. (n.d.-a) Net metering and buy-back tariffs. 

https://psc.wi.gov/Pages/ForUtilities/Energy/NetMeteringandBuyBackTariffs.aspx  

3 Wisconsin Public Service Commission. (2020, June 11). Notice of investigation and request for comments. 

https://apps.psc.wi.gov/ERF/ERFview/viewdoc.aspx?docid=391581  

https://emp.lbl.gov/sites/default/files/distributed_solar_2020_data_update.pdf
https://psc.wi.gov/Pages/ForUtilities/Energy/NetMeteringandBuyBackTariffs.aspx
https://apps.psc.wi.gov/ERF/ERFview/viewdoc.aspx?docid=391581
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practices by development of an informational paper to be issued for public comment.4  

This paper is provided in response to the commissionôs request.  

Section I: Rate-Making Principles  
and Perspectives on Costs and Benefits 
Before digging into the options for reform of  DER rate design and related cost allocation 

reforms, it is worth reviewing basic rate-making principles that have been relied upon for 

decades, as well as historical and evolving ideas about electricity system costs and their 

proper allocation.  It is also important to acknowledge the changing demands being placed 

on the electricity system and the evolving public policy goals that now influence utilit iesô 

actions and regulatorsô decisions, including in the areas of cost allocation and DER rate 

design. 

Traditional Rate-Making Principles 

In traditional economic regulation of electric utilities, regulators review proposals for rates 

from utilities and issue orders to determine just and reasonable rates. In the regulation of 

prices for utility service, the prevailin g practice is to develop separate sets of prices for a 

small and easily identifiable number of customer classes. Examples of customer classes 

include residential, commercial and industrial, and street lighting. For many utilities, 

commercial and industrial  customers are divided into multiple classes, often based on size 

thresholds or the distinction between secondary voltage service and primary voltage 

service. For a given utility and its service territory, all customers in each class are typically 

eligible for the same set of default and optional tariffs, under which all customers in the 

service class pay the same prices. As shown in Figure 1 on the next page, the prices for 

each class are typically developed in three high-level steps: (1) determination of the 

revenue requirement, (2) allocation of costs between customer classes and (3) final design 

of the retail rates. 

 
4 Wisconsin Public Service Commission, Docket 5-EI-157, Order on May 4, 2021, regarding investigation of parallel generation purchase 

rates. https://apps.psc.wi.gov/ERF/ERFview/viewdoc.aspx?docid=410850. The commission noted the issues addressed by this paper could 

include, but are not limited to, the differing size thresholds that different utilities set for net metering tariff eligibility, the practices for measuring 

capacity relative to the eligibility thresholds, different options for netting calculations, the potential effects of FERC Order 2222 and the 

potential application of minimum bill methods for net metering customers.  

 

https://apps.psc.wi.gov/ERF/ERFview/viewdoc.aspx?docid=410850
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Figure 1. Simplified rate-making process for electric utilities 

 

 

The annual revenue requirement is set based on the cost of service, a technical term which 

typically includes operating expenses, depreciation expense (a measure of the annual loss 

in value of utility capital assets) and taxes, as well as an explicit element for a rate of return 

on net rate base.5  

In the process of setting the rate structure, a term that combines the cost allocation and 

rate design steps, regulators and stakeholders refer to a wide range of principles or 

guidelines, many lists of which have been compiled by past analysts.6 Many of these 

principles are still useful today, though it is also worth asking how changing circumstances 

  

 
5 Costs of service can be determined in a rate case through a comprehensive cost of service study or by making adjustments to a  previously 

determined revenue requirement without conducting a full cost of service study. 

6 The most famous of these are the Bonbright principles from Bonbright, J. C. (1961). Principles of public utility rates. Columbia University 

Press. https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/. Other examples include Public Utility Economics by 

Garfield & Lovejoy (1964) and The Economics of Regulation by Alfred Kahn (1970-71). On Page 291 of his treatise, Dr. Bonbright lists eight 

frequently cited principles but immediately explains that ñlists of this nature are useful in reminding the rate maker of considerations that might 

otherwise escape his attention, and also useful in suggesting one important reason why problems of practical rate design do not readily yield 

to óscientificô principles of optimum pricing. But they are unqualified to serve as a base on which to build these principles because of their 

ambiguities é their overlapping character, and their failure to offer any rules of priority in the event of conflict.ò He goes on to discuss his 

preferred three criteria of ñ(a) the revenue-requirement or financial-need objective é (b) the fair-cost-apportionment objective é and (c) the 

optimum-use or consumer-rationing objectiveò (p. 292). 

 

https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/
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may affect them or even call into question their relevance. Generally accepted principles 

that remain helpful in todayôs debates regarding rate structure include: 

¶ Efficient price signals that encourage optimal customer behavior.  On a 

forward -looking basis, electricity prices should encourage customers to use, conserve, 

store and generate energy in ways that are most economically efficient.  

¶ Customer understanding, acceptance and bill stability.  Prices should not be 

overly complex or convoluted such that customers cannot understand how their bills 

are determined or how they should respond to manage their bills. Customers and the 

public should generally accept that the prices they are charged for electricity service 

are fair for the service they are receiving. A customerôs bills should remain relatively 

stable from year to year if there is relatively little change in the customerôs billing 

determinants.  

¶ Equitable allocation of costs and the avoidance  of undue discrimination.  

The apportionment of the total cost of service among different customers should be 

done fairly and equitably.  

¶ Effectiveness in yielding total revenue requirements.  The utility should have 

an expectation that it will have the opportunity to approximately recover its revenue 

requirement from customer rates, with a reasonable amount of stability from year to 

year, when it effectively manages its franchise obligations. 

There will  be trade-offs between these principles in many cases. For example, rates that 

make revenue recovery more certain for utilities could lead to less equitable cost allocation 

and less economically efficient  rate design for customers. Similarly, more  efficient 

forward -looking price signals may have consequences with respect to customer bill 

stability or , in extreme cases, overall revenue stability. The task of the regulator is to strike 

a balance in these objectives. 

Broader Policy Goals 

In addition to the traditionally recognized rate -making principles, public poli cy goals are 

evolving and continue to add new expectations on utilities and regulators to accomplish an 

expanding set of objectives related to electricity service. The achievement of many of these 

goals and objectives is directly influenced by the cost allocation and rate setting processes 

that utility commissions oversee. In addition, these goals and objectives often have direct 

or indirect links to deployment and utilization of distributed generation. Thus, broad 

discussions about public policy goals and objectives tend to surface in debates around DG 

rate design and compensation.  

The highest-priority policy goal is to fulfill the commissionôs mission to ensure that utility 

services are safe, reliable, affordable and environmentally responsible.7 A wide range 

  

 
7 Wisconsin Public Service Commission. (n.d.-b). History & mission. https://psc.wi.gov/Pages/AboutPSCW/HistoryAndMission.aspx  

https://psc.wi.gov/Pages/AboutPSCW/HistoryAndMission.aspx
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of other policy goals that elaborate on the commissionôs core mission have been firmly 

established by the Legislature and can be found in statutes, such as: 

¶ The state energy policy goals and priorities in Wis. Stats § 1.12. 

¶ The energy efficiency and renewable resource programs (i.e., Focus on Energy) 

described in Wis. Stats. § 196.374. 

¶ The renewable portfolio standard in Wis. Stats § 196.378. 

Wisconsin Clean Energy Plan 

The objectives for the stateôs forthcoming Clean Energy Plan are also instructive for this inquiry, even 

though the plan was developed pursuant to an executive order and is not currently enacted in 

statute. Namely, the plan seeks to:8 

¶ Put Wisconsin on a path for all electricity consumed within the state to be 100% carbon free by 

2050.  

¶ Ensure that Wisconsin is fulfilling the carbon reduction goals of the 2015 Paris Agreement.  

¶ Reduce the disproportionate impacts of energy generation and use on low-income residents and 

communities of color and ensure these communities are prioritized in receiving clean energy 

economic and health benefits.  

¶ Maximize the creation of, and equitable opportunities for, clean energy jobs, economic 

development and stimulus, and retention of energy investment dollars in Wisconsin.  

¶ Improve the reliability and affordability of the energy system.  

¶ Strengthen the clean energy workforce through training and education, while retraining workers 

affected by the transition from fossil fuel to clean sources of energy. 

¶ Protect human and environmental health by reducing ecosystem pollution from fossil fuels. 

Cost Causation in the Electric System 

The concept of cost causation is a fundamental one for both cost allocation and rate 

design. While occasionally it is used as a backward-looki ng concept with respect to cost 

allocation, it primarily refers to how the characteristics of utility customers collectively 

affect costs on a forward-looking basis. Understanding how current behavior affects 

current and future costs requires an understanding of the economics and engineering of 

the electric system. But once it is understood how costs are caused, there are 

straightforward arguments that (1) costs are allocated most equitably to the customers 

who cause them and (2) prices are most efficient if they reflect how costs are caused. In 

both cases, these are forward-looking marginal cost concepts.9  

 
8 State of Wisconsin, Office of Sustainability & Clean Energy. (n.d.). Clean energy plan. https://osce.wi.gov/pages/cleanenergyplan.aspx  

9 Readers should not infer from this explanation that all parties will agree on all aspects of cost causation or that there is one best or most 

accurate method for allocating costs. Indeed, in a case resolved by the U.S. Supreme Court in 1945, Justice William Douglas wrote for the 

majority, ñA separation of properties is merely a step in the determination of costs properly allocable to the various classes of services 

rendered by a utility. But where as here several classes of services have a common use of the same property difficulties of separation are 

obvious. Allocation of costs is not a matter for the slide rule. It involves a judgment of a myriad of facts. It has no claim to an exact science.ò 

(Colorado Interstate Gas Co. v. Federal Power Commission, 324-US 581,589) 

https://osce.wi.gov/pages/cleanenergyplan.aspx
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Many of the more contentious debates around cost causation tend to focus on the 

allocation and pricing of capacity investments for generation, transmis sion and 

distribution. 10 The majority of this capacity investment is shared by large numbers of 

customers, and each component of this shared system is sized to meet an expected peak 

coincident demand of the customers it serves. Peak coincident demand for the relevant 

group of customers is not simply the sum of the customersô individual peak demands but is 

something less, often significantly so. This phenomenon is known as diversity of demand, 

and it reflects the temporal differences of usage across the relevant customer base. 

Customer loads are diversified at every level of the utility system. At the system level, the 

peak is determined by that combination of customer class loads that produces the highest 

instantaneous demand. That system peak might, or might not, coincide with  the peak 

demand of any one customer class, and that system is likely interconnected to other 

systems with slightly different loads through a shared transmission network. Figure 2 

shows hypothetical  customer class loads on a system peak day. Each of the customer 

classes has a highest load hour at a different time: hour 11 for industrial, hour 14 for 

commercial and hour 20 for residential. The load for the lighting class is roughly the same 

across many different hours when the sun is down. The overall peak is at hour 18, which is 

different from  any of the class peaks. 

Figure 2. Diversity at the customer class level 

 
  

 
10 There is a persistent fallacy that fixed capacity investments mean that pricing should properly be translated into fixed charges. This is 

easily disproven by looking at the numerous competitive industries that involve large capital investments but use unit prices. For example, oil 

refineries are massive capital investments, but gasoline is still sold by the gallon. The reasonableness of fixed charges, and their proper 

magnitude, turns on other issues. 
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When similar data are examined at the level of individual customers, metrics for diversity 

of load are even higher. Overall, the diversity of customer load is one major reason it is less 

expensive to build a shared electric system, in addition to the historic economies of scale 

for generation technologies. 

Given these patterns of customer load, utilities and system planners need to invest to meet 

two primary objectives: (1) ensuring reliability (in both operational and investment time 

frames) and (2) meeting year-round system load at least cost. In many respects, reliability 

concerns arise predominantly (but not exclusively) at peak system hours.11 Achieving the 

objectives in a reasonable way requires detailed economic analysis of the different 

potential options that meet the relevant engineering criteria. 12 This can be seen with 

respect to analyzing the optimal mix of generation resources. Given multiple different 

types of generation technologies, storage and demand response, the optimal mix depends 

on year-round load patterns. The differ ent options have different capabilities and different 

cost characteristics and should not be blindly lumped together as ñcapacityò for cost 

allocation and rate design purposes.  

Because of these economic considerations, the kind of capacity that one would build to 

meet short-term coincident peak needs and have reserves available on short notice 

throughout the year is much different from  the capacity that one would build to generate 

year-round. To be economic, capacity that serves only short-term needs must have low 

upfront investment costs, such as combustion turbines or demand response, but can have 

higher short -term variable costs when it is used. The combustion turbine is cheap to build 

but relatively inefficient and expensive to run. Demand response programs also tend to 

have low upfront investment costs and are often employed to meet infrequent, short-term 

peak capacity needs.13 In contrast, a larger investment can only be justified by lower 

expected short-run variable generation costs and a higher expected capacity factor. As a 

result, this high -upfront -cost capacity lowers the total cost of both meeting peak demand 

and serving energy needs over the planning horizon. This means that not all generation 

capacity costs are caused by system peaks or even reliability needs more broadly. It is also 

relevant that the choice of some generation technologies is justified partly by ratepayer 

cost considerations and partly by policy requirements.  

Many of these same considerations apply to the transmission and distribution system, and 

an analyst should look to the underlying purposes and benefits of system investments to 

allocate and price them properly. Several different kinds of transmission capacity are 

intended to deliver energy and are not designed primarily to meet reliability needs. A 

transmission segment that connects a generating unit to the broader transmission network 

can be properly thought of as a generation-related cost and charged on the same basis as 

the generator. In some situations, long transmission l ines are needed to connect low-cost 

 
11 Reliability can be thought of as having two dimensions, in terms of both system security and resource adequacy. The former refers to 

operational time frames, being assured that the system has sufficient resources to meet demand in real time. The latter refers to investment 

time frames, being assured that the system will continue to deploy needed capacity to reliably serve load over the longer term. Both kinds of 

reliability are relevant to this discussion.  

12 The details of how this is achieved vary from one independent system operator (ISO) to another and from state to state. 

13 Demand response resources have proven to be a competitive option for meeting peak capacity needs in ISOs that procure capacity 

resources through an auction-based forward capacity market. For example, demand response provided more than 10% of the capacity 

procured in recent ISO New England auctions and more than 5% in PJM Interconnection auctions. 
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generation resources, such as remote hydroelectric facilities or mine-mouth coal plants, to 

the network. These long lines are built to facilitate access to cheap energy and should be 

classified on that basis. Transmission lines built to facilitate exchanges between load zones 

are not necessarily most highly used at peak times but are used to optimize dispatch and 

trade energy across many hours of the year. Other parts of the transmission and 

distribution network do need t o be sized to meet peak demand and other reliability 

contingencies. But there are several different engineering options for transmission and 

distribution networks that have implications for line losses.14 For example, one of the 

reasons to choose higher voltage transmission is to carry the same power levels at a lower 

current, which can decrease line losses substantially. Average annual line losses typically 

are around 7%, but marginal system losses at the time of peak can be 15%-20% in many 

utility systems. 15 

It is only when one gets close to the end user that the components of the system ð the final 

line transformers, secondary distribution lines and service lines ð are sized to meet a very 

localized demand that can be directly attributed to a small number of customers. Even at 

this level, there can be significant load diversity among the customers sharing a line 

transformer. But there are many residential customers (e.g., single-family homes) with 

dedicated service lines and a fair number of secondary general service customers that have 

dedicated line transformers.  

Billing and customer service costs are directly related to the number of customers, 

although larger customers often have more sophisticated bills and other arrangements 

that add incremental costs in these categories. Traditionally, a simple meter was 

categorized as a billing cost, and every customer needed a single meter. The purposes of 

advanced metering infrastructure and its related pricing an d data collection capabilities, 

however, go far beyond what is necessary strictly for billing. As a result, advanced 

metering infrastructure should be fairly allocated and efficiently charged to customers in a 

manner that reflects these broader purposes. 

Last but not least, administrative and general costs generally support all of a utilityôs 

functions and are in scale with the overall size of the enterprise. For example, an office 

building and parking lot are built for the number of employees that use that  location. 

Crucially, there are not customer characteristics that directly influence these costs. 

Although all customer behavior influences these cost drivers in different ways, it is 

important to note how trends in DER adoption, and , in some cases, the adoption of solar 

PV distributed generation specifically, are changing the nature of the electric system and 

basic patterns of cost causation. DG customers may influence generation costs by causing 

a shift in peak time or level. This has occurred in states with high penetration of 

distributed solar, such as Hawaii.16 DG can affect the need for shared distribution 

 
14 See generally Lazar, J., & Baldwin, X. (2011). Valuing the contribution of energy efficiency to avoided marginal line losses and reserve 

requirements. Regulatory Assistance Project. https://www.raponline.org/knowledge-center/valuing-the-contribution-of-energy-efficiency-to-

avoided-marginal-line-losses-and-reserve-requirements/ 

15 Lazar & Baldwin, 2011, p. 1. 

16 In Hawaii, June load shapes changed as increased levels of distributed solar were added to the system. In 2006, the system peak demand 

was approximately 1,200 MW at 1 to 3 p.m. By 2017, with extensive deployment of customer-sited solar, the peak demand was 1,068 MW  

at 9 p.m. 

https://www.raponline.org/knowledge-center/valuing-the-contribution-of-energy-efficiency-to-avoided-marginal-line-losses-and-reserve-requirements/
https://www.raponline.org/knowledge-center/valuing-the-contribution-of-energy-efficiency-to-avoided-marginal-line-losses-and-reserve-requirements/
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infrastructure by reducing certain distribution circuit peaks or by increasing infrastructure 

investment requirements for DG interconnection or subs tation investments to allow power 

to flow up from distribution circuits to the higher voltage distribution grid under certain 

conditions. Higher penetration of variable renewable resources (including utility -scale 

resources) generally may lead to the need for additional fast -ramping resources and other 

measures to ñteach the duck to flyò17 ð that is, to smooth out what has become known as 

the duck curve to match fluctuations in renewable energy production . Extremely high 

penetration of certain technologies may require investments in a broader range of 

dispatchable resources, such as long-duration energy storage. Although  some of these 

issues are no longer theoretical in some jurisdictions, they should be properly quantified 

to keep them in perspective.  

California was the first jurisdiction to experience the duck curve, and subsequent analysis 

and experience highlights policies that can help avoid it. The California context is 

important. Aggressive adoption of utility -scale solar and distributed solar generation in 

2012 and 2013 contributed to the duck curve. By 2013, utility -scale solar adoption was 

becoming significant in California and the neighboring states of Nevada and Arizona. The 

combination of distributed solar approaching its prescribed cap of 5% of peak load and the 

addition  of thousands of megawatts of utility -scale solar contributed to the emergence of 

the duck curve at the California Independent System Operator.  

The duck curve describes the shape of customer net load after significant quantities of 

solar are adopted. Comparing the gross load to the net load in the typical 24-hour day 

renders a pair of curves that together resemble a duck at rest. During the middle of the 

day, when solar production is greatest, total energy consumption less total solar 

production causes net load to sag. Before solar adoption, peak consumption in the summer 

happens in the afternoon when air conditioning and economic activities are peaking.  After 

significant solar adoption, the middle of the day into the afternoon bec omes a period of 

relatively low net consumption due to abundant solar output.  The accompanying effects of 

solar are a shifting of the net peak from the late afternoon into the evening (the top of the 

duckôs head) and a rapid ramp up (the duckôs neck) as solar production begins declining 

and ceases in the early evening (see Figure 3 on the next page). Together, these challenges 

of shifting the peak and a rapid ramp up indicate a shift of system stress periods. Adoption 

of time-of-use (TOU) rates with adjusted peak periods becomes important to address 

system stress and limit any shifting of costs from one group of customers to another. (For 

more on the question of cost shifts, see the text box on Page 16.) 

 
17 Lazar, J. (2016). Teaching the ñduckò to fly (2nd ed.). Regulatory Assistance Project. https://www.raponline.org/knowledge-center/teaching-

the-duck-to-fly-second-edition/   

https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/
https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/
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Figure 3. Hypothetical example of the duck curve 

 
 

In California, f or the first decade of solar DG adoption, the electric system peak coincided 

with hours of peak solar production, making solar pr oduction valuable in addressing 

increasing peak loads. However, utility -scale and distributed solar collectively surpassed 

20% of annual peak load, with utility -scale solar reaching 4,495 MW in 2013, while 

distributed PV approached the 5% cap. This dramati c increase in production from solar 

introduced a shift in utility system and California ISO peak from the afternoon into the 

very late afternoon and early evening. With solarôs production no longer coinciding with 

the electric systemôs peak and net peak, legislation mandated a reconsideration of the 

default NEM tariff , with the new default to become effective as the 5% cap was reached in 

the respective utility service territories.  

As solar adoption has soared in the United States over the last 10 years, the possibility of 

duck curves in the highest-adoption states has emerged as an issue. Perhaps the first 

lesson that states need to learn from the California experience is that system needs will 

shift, with peak periods changing and periods with significant ramping emerging. Time -of-

use rates and the redefinition of the peak period have proven to be important tools in 

California that help compensate for the impacts of higher solar pro duction. A number of 

higher-adoption states are implementing these tools. Other strategies can provide more 

manageable load profiles. Figure 4 on the next page depicts a hypothetical example of the 

duck curve and how these strategies, some of which are discussed below, can provide more 

manageable load profiles.18  

 
18 Lazar, 2016. 
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Figure 4. Load after application of load management strategies 

 
 

Jurisdictions with low levels of DG penetration, such as Wisconsin, may not need to act on 

these issues immediately, but it rarely hurts to be prepared for foreseeable issues. 

Additionally, many of the actions taken to avoid the duck curve are activities and programs 

that already exist in Wisconsin. The following actions can be incorporated to avoid the 

duck curve from large amounts of renewable generation, including DG: 

¶ Target energy efficiency to the hours when load ramps up sharply. 

¶ Orient fixed -axis solar panels to the west: Orienting solar panels to the west-southwest 

increases output during the afternoon and reduces morning output. This would 

produce a more valuable profile of power output, better suited to the shape of load to 

be served. 

¶ Implement ser vice standards allowing the grid operator to manage electric water-

heating loads to shave peaks and optimize utilization of available resources.  

¶ Retire inflexible generating plants with high off -peak must-run requirements.  

¶ Deploy electric energy storage in targeted locations, including electric vehicle charging 

controls.  

¶ Implement aggressive demand response programs.  

¶ Use inter-regional power transactions to take advantage of diversity in loads and 

resources.19 

 

 
19 Lazar, J. (2014). Teaching the ñduckò to fly. Regulatory Assistance Project. https://www.raponline.org/wp-content/uploads/2016/05/rap-

lazar-teachingducktofly-2014-jan.pdf  

https://www.raponline.org/wp-content/uploads/2016/05/rap-lazar-teachingducktofly-2014-jan.pdf
https://www.raponline.org/wp-content/uploads/2016/05/rap-lazar-teachingducktofly-2014-jan.pdf
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Cost-Benefit Tests 

Jurisdictions in the Uni ted States that have implemented ratepayer-funded energy 

efficiency programs typically require that these programs and measures pass one or 

several cost-effectiveness tests before programs are included in rates. In some states, cost-

effectiveness tests are also used to assess programs for other types of DERs, including 

distributed generation. Conducting a cost-effectiveness test requires a thorough evaluation 

of the costs associated with a DER, as well as the benefits (which mostly consist of avoided 

costs), and the results can inform rate designs and programs that support those 

resources.20 However, it is essential to consider at the outset that the type of test selected 

has huge implications, as each test considers costs and benefits from a differ ent 

perspective (see Table 1).21 

Table 1. Summary of standard cost-effectiveness and rate impact tests 

 

Source: National Energy Screening Project. (2020). National Standard Practice Manual for Benefit-Cost Analysis  

of Distributed Energy Resources 

Regulators in some states have adopted modified versions of one of the standard tests or 

developed their own jurisdiction -specific test that accounts for the benefits and costs 

associated with achieving applicable policy goals. In Wisconsin, evaluations of the Focus 

on Energy program currently rely on a modified total resource cost (TRC) test. The 

Wisconsin test varies from a standard TRC test in that an assumed benefit is attributed to 

 
20 For example, in 2018, ICF prepared a meta-analysis for the U.S. Department of Energy of recent cost-benefit evaluations for distributed 

solar resources. ICF reviewed evaluations from 15 states that focused on the value of distributed solar resources and whether net metering 

tariffs are cost-effective or create a cost shift to customers without solar. ICF. (2018). Review of recent cost-benefit studies related to net 

metering and distributed solar. U.S. Department of Energy. 

https://www.energy.gov/sites/default/files/2020/06/f75/ICF%20NEM%20Meta%20Analysis_Formatted%20FINAL_Revised%208-27-18.pdf. 

21 National Energy Screening Project. (2020). National standard practice manual for benefit-cost analysis of distributed energy resources,  

p. E-2. https://www.nationalenergyscreeningproject.org/wp-content/uploads/2020/08/NSPM-DERs_08-24-2020.pdf. For more on cost-benefit 

tests, refer to the National Energy Screening Project website (https://www.nationalenergyscreeningproject.org/). 

https://www.energy.gov/sites/default/files/2020/06/f75/ICF%20NEM%20Meta%20Analysis_Formatted%20FINAL_Revised%208-27-18.pdf
https://www.nationalenergyscreeningproject.org/wp-content/uploads/2020/08/NSPM-DERs_08-24-2020.pdf
https://www.nationalenergyscreeningproject.org/
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avoided greenhouse gas emissions, even though that is a societal benefit rather than a 

utility system or participant benefit. The question of which cost -effectiveness test(s)  

to use normally arises as part of the quadrennial planning process mandated under  

Wis. Stat. § 196.374(3)(b)1. 

Cost of Service Frameworks 

Cost allocation is the method regulators use to determine how to equitably divide a set 

amount of costs among several broadly defined classes of ratepayers.22 In most situations, 

cost allocation is a zero-sum process where lower costs for any one group of customers 

lead to higher costs for another group. However, the techniques used in cost allocation 

have been designed to mediate these disputes between competing sets of interests. In 

addition, the data and analysis produced for the cost allocation process can also provide 

meaningful information to assist in rate design, such as the seasons and hours when costs 

are highest and lowest, categorized by system component as well as by customer class. At 

the highest level, there are two partly overlapping principles to help guide the task of 

allocating costs efficiently and equitably:  

1. Cost causation. 

2. Costs follow benefits. 

Two major quantitative frameworks are used around the United States for cost allocation: 

embedded cost of service studies and marginal cost of service studies. Embedded cost 

studies use analytical methods, including historic load research data, to divide up existing 

costs making up the existing revenue requirement. Marginal cost studies look at changes 

in cost that will be driven by changes in customer requirements over a reasonable 

planning period of perhaps five to 20 years and typically involve more substantial forward -

looking analysis than embedded cost techniques. 

Embedded cost of service studies, sometimes termed ñfully allocated cost of service 

studies,ò are the most common form of utility cost allocation study. Most state regulators 

require them, and nearly all self-regulated utilities rely on e mbedded cost of service 

studies. The distinctive feature of these studies is that they are focused on the cost of 

service and usage patterns in a test year, typically either immediately before the filing of 

the rate case or the future year that begins when new rates are scheduled to take effect. 

This means there is very little that accounts for changes over time, so it is primarily a static 

snapshot approach. 

 
22 For more information, see Lazar, J., Chernick, P., Marcus, B., & LeBel, M. (Ed.). (2019). Electric cost allocation for a new era: A manual. 

Regulatory Assistance Project. https://www.raponline.org/knowledge-center/electric-cost-allocation-new-era/  

https://www.raponline.org/knowledge-center/electric-cost-allocation-new-era/
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Figure 5. Traditional embedded cost allocation approach 

 
 

As shown in Figure 5, embedded cost 

allocation techniques follow three 

typical steps of functionalization, 

classification and allocation. There can 

also be more than one way across the 

three steps to achieve a similar result in 

this framework. But as a general matter, 

in this framework a cost allocation 

analyst is forced to choose which of the 

three classifications (demand-related, 

energy-related or customer-related) fits 

best for each category of costs.  

Seeing the weaknesses in the historical 

embedded cost techniques, many 

regulators across the United States 

reformed cost allocation techniques in 

the 1970s and 1980s by adopting 

marginal cost of service techniques instead. In contrast to the static snapshot that is 

typical of embedded cost approaches, marginal cost of service studies account for how 

 
23 Bonbright, 1961, pp. 348-349.  

ñBut if the hypothetical cost of a minimum-sized 

distribution system is properly excluded from the 

demand-related costs for the reason just given, 

while it is also denied a place among the 

customer costs for the reason stated previously, 

to which cost function does it then belong? The 

only defensible answer, in my opinion is that it 

belongs to none of themé. But the fully 

distributed cost analyst dare not avail himself of 

this solution, since he is the prisoner of his own 

assumption that óthe sum of the parts equals the 

whole.ô He is therefore under impelling pressure 

to ófudgeô his cost apportionments by using the 

category of customer costs as a dumping ground 

for costs that he cannot plausibly impute to any of 

his other categories.ò 

J. C. Bonbright, Principles of Public Utility Rates23 

https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/
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costs change over time and which rate class characteristics are responsible for driving 

changes in cost. The fundamental principle of marginal cost pricing is that economic 

efficiency is served when prices reflect current or future costs ð that is, the true value 

today of the resources that are being used to serve demand ð rather than historical 

embedded costs. Importantly, marginal costs can be measured in the short run or long 

run. A true short -run marginal cost study will measure only a fraction of the cost of 

service: the portion that varies from hour to hour with usage , assuming no changes in the 

capital stock. By contrast, a total service long-run marginal cost study  measures the cost of 

replacing todayôs power system with a new, optimally designed and sized system that uses 

the newest technology. More typically, marginal cost of service studies used a variety of 

medium - to long-term values for different elements of t he electric system, and regulators 

used these results to inform both cost allocation and pricing. Despite the theoretical 

appeal of these marginal cost methods, the complexity of these estimates proved daunting 

over the past several decades and has led to numerous stakeholder disputes. Many 

jurisdictions have migrated back to the simplicity of embedded cost allocation techniques.  

However, one key insight of marginal cost allocation techniques is the idea that marginal 

cost pricing will almost never approximate the revenue requirement determined in a rate 

case using the embedded cost of service. In some historical circumstances (e.g., high 

marginal fuel prices in the 1970s) marginal cost pricing may have collected more than the 

revenue requirement, but in most prevailing conditions it is thought that marginal cost 

pricing for electric utilities will collect less than the embedded cost of service. 24 The 

additional costs that need to be collected to meet the full revenue requirement are called 

residual costs. There is no generally accepted way to allocate and price these costs, 

although jurisdictions have used both the equal percentage of marginal cost technique and 

the inverse-elasticity technique to allocate these costs.25 

For the most part, the presence of customers with distributed energy resources has not 

drastically changed cost allocation techniques, at least at this point. After utility costs are 

functionalized and classified, each type of cost is then allocated to customer classes based 

on the relevant allocators. For allocators based on energy and demand metrics, customers 

with DERs are not treated any differently. If a utility still uses load sampling, DER 

customers may or may not be a significant part of the sample. For utilities with advanced 

metering infrastructure (and thus full load data for all customers), DER customers are 

typically aggregated with the rest of their customer class. To the extent that a jurisdiction 

has a special cost recovery mechanism for either lost revenue from DER customers or the 

cost of net metering credits, these are typically allocated and priced in a simple manner 

(e.g., on a cents-per-kWh basis over all usage).26  

 
24 This particular circumstance typically excludes externalities from the definition of marginal cost. 

25 For more information, see Lazar et al., 2019, section 27.3. 

26 As a part of the implementation of the value of distributed energy resources tariff in New York, a more refined approach has been taken, 

attempting to follow the ñcosts follow benefitsò principle. For example, the cost recovery for credits valued for energy and capacity should be 

recovered from the same customers that benefit from reduced utility purchases of energy and capacity. See New York Public Service 

Commission, Case 15-E-0751, Order on March 9, 2017, on net energy metering transition, Phase One of value of distributed energy 

resources, and related matters, p. 52. https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7b5B69628E-2928-44A9-

B83E-65CEA7326428%7d  

https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7b5B69628E-2928-44A9-B83E-65CEA7326428%7d
https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7b5B69628E-2928-44A9-B83E-65CEA7326428%7d
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What is a cost shift? 

There can be numerous different definitions of cost shift, and different stakeholders may use the term 

differently. Clarifying precisely the potential issue could be helpful to solving any problem, although 

the different definitions are partially overlapping.  

The first set of possibilities can be referred to as embedded cost definitions of cost shifts. 

> Embedded cost definition across customer classes at the cost allocation stage. In 

between rate cases, a customer class that reduces its cost allocation determinants 

disproportionately compared to the other classes will reduce its revenue allocation in the next 

rate case, leading to higher revenue allocations to other customer classes. 

> Embedded cost definition within a customer class at the rate design stage. In a rate case, 

if a given set of customers has reduced its billing determinants significantly, then a given rate 

must be higher to collect the same amount of revenue from that class. 

Mechanically, these embedded cost definitions of a cost shift are straightforward, but whether they 

describe a problem that affirmatively needs to be solved can still be disputed. Possible 

disagreements are the reasonableness of current cost allocation and rate design techniques, as well 

as the lag between current day rates and the time frame where long-run cost savings can be 

achieved. However, some parties may instead point to the ratepayer and societal benefits that are 

not explicitly considered in either cost allocation or rate design. Many of these benefits are typically 

considered more explicitly in the cost-benefit tests described above. This leads to a different marginal 

cost definition of a cost shift.  

> A marginal cost definition of a cost shift asks whether the value of the resource falls short of 

its compensation. For example, if a solar PV customer is effectively compensated at a retail rate 

of 12 cents per kWh but provides a value of 14 cents per kWh, then there is no cost shift under 

this marginal cost definition. However, if that solar PV customer provides a value of only 10 

cents per kWh, then that would represent a cost shift under this definition. 

Again, this is conceptually straightforward but subject to numerous potential disputes. Parties may 

disagree about many different aspects of value, such as how to calculate long-run electric system 

values and whether to include societal benefits. Picking the relevant benefits to include in this 

analysis, as well as consideration of any relevant costs, strongly overlaps with the choice of a 

benefit-cost analysis framework. Some stakeholders may also disagree with this framework, arguing 

instead that the way to maximize ratepayer benefits is to procure resources at least cost. 

The last potential definition of a cost shift revolves around the issue of residual costs. This topic can 

be considered under either the embedded cost framework or the marginal cost framework, although 

marginal cost techniques wrestle with it more explicitly. 

> A residual cost definition of a cost shift asks whether a group of customers contributes the 

same margin toward the utilityôs embedded cost of service, such that other customers are not 

asked to contribute more than they had previously.  

Under the embedded cost framework, this question is similar to those that can be asked about the 

cost causation basis of embedded cost allocation and pricing techniques. This question is different 

from the marginal cost definition of cost shifting mentioned above, because residual costs are in 

addition to marginal electric system costs that utilities had expected to collect from the relevant group 

of customers. However, calculated residual costs are likely to be much lower if societal benefits are 

included in the marginal cost calculation. 
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Section II: Applying Rate-Making 
Principles and Goals to Net Metering  
and Alternative Rate Design Options 
Although many characteristics of the evolving electric grid argue for modernizing retail 

rate designs, the growth of DERs is unquestionably a key driver. The connections between 

DERs and rate design are dynamic and are increasingly significant as deployment levels 

grow. Stated simply: DER deployment affects utility sales and costs, utility sales and costs 

affect retail rates, and retail rates affect DER deployment. In this section we explain how 

different aspects of DER rate design conform to the rate-making principles and goals 

articulated in Section I. We pay particular attention to NEM tariff designs. 27 And, because 

97% of the distributed generation on a net metering tariff uses solar PV technology, we will 

concentrate mostly on implications for solar PV. 28 

Traditional Net Metering 

Utilities in the United States first began offering NEM tariffs in the early 19 80s. In 

Wisconsin, the PSC issued an order in 1982 requiring all regulated utilities to file NEM 

tariffs  available to customers with DG systems up to 20 kW in capacity.  

In those early days, digital smart meters were not available. There were only two practical 

possibilities for metering DG installations for residential or small commercial customers:  

¶ A second meter could be installed to monitor production from the DG system separate 

from the measurement of the customerôs electricity consumption. 

¶ Net energy consumption could be measured by a single analog meter that was capable 

of spinning forward (when consumption exceeded generation) or backward (when 

generation exceeded consumption). 

Limitations in metering capabilities, paired with billing system challen ges and the desire 

to keep tariffs simple enough for customers to easily understand, led to the design of what 

we will call traditional NEM tariffs. The key features of a traditional NEM tariff are as 

follows:  

¶ Net energy consumption (in kWh) is measured for the entire billing period as a whole.  

¶ If net energy consumption for the billing period is a positive number, the customerôs 

net energy usage is billed at the otherwise applicable retail energy rate for that 

customer class. 

 
27 This paper uses ñnet energy meteringò or ñNEMò to refer to any tariff where a customer with a DER capable of injecting energy into the 

distribution system (i.e., a distributed generation or energy storage resource) is billed or receives bill credits based on the customerôs net 

consumption of energy or net excess generation over defined netting periods. In Wisconsin, these kinds of tariffs are variously labeled net 

metering, NEM or net billing. Some parties make a distinction by using the term ñnet energy meteringò to describe tariffs where credits for net 

excess generation are volumetric (kWh credits) and ñnet energy billingò for tariffs where credits are monetary (in the form of a fixed price in 

cents per kWh). We feel such distinctions are unnecessary and instead use ñNEMò to describe both kinds of crediting mechanisms.  

28 Congressional Research Service (2019). Net metering: In brief. https://crsreports.congress.gov/product/pdf/R/R46010  

https://crsreports.congress.gov/product/pdf/R/R46010
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¶ If net energy consumption for t he billing period is a negative number, meaning that 

generation exceeded consumption, the customer receives a credit toward other charges 

on the bill or future bills at the full retail energy rate. 29 

Many U.S. utilities still offer traditional NEM tariffs today. However, smart meters are 

now widely available that are capable of monitoring net exports and net imports of energy 

in small time intervals for use in a variety of DG tariff designs, including those relying on 

time-varying rates. A growing number of  utilities (and the public utility commissions and 

legislatures that regulate them) are considering alternatives to traditional NEM.  

Why Distributed Generation Tariff Design Matters 

As explained above, the value of DG can be looked at from different perspectives. From 

any perspective chosen, we find that tariff design strongly influences DG value. We 

examine the question first from the perspective of customers with DG, then from the 

utility system perspective and finally from the societal perspective. Decision-makers who 

examine DG value from all three perspectives will be better positioned to make smart 

choices about rate designs. 

Customer Perspective 

Customers install DG for multiple reasons, but numerous surveys indicate that the most 

common or important reason for a majority of customers is the opportunity to save 

money. For example, Figure 6 on the next page shows results from a recent survey by Pew 

Research Center30 that is largely consistent with similar surveys of American public 

opinion.  

 
29 For this reason, traditional NEM is sometimes referrred to as ñfull retail rate NEM.ò 

30 ñMore U.S. Homeowners Say They Are Considering Home Solar Panels.ò Pew Research Center, Washington, D.C. (2019, December 17). 

https://www.pewresearch.org/fact-tank/2019/12/17/more-u-s-homeowners-say-they-are-considering-home-solar-panels/. See also Solar 

Simplified. (2020, December 29). Consumer perceptions of the solar industry (2020). https://www.solarsimplified.com/media/consumer-

perceptions-report-2020  

https://www.pewresearch.org/fact-tank/2019/12/17/more-u-s-homeowners-say-they-are-considering-home-solar-panels/
https://www.solarsimplified.com/media/consumer-perceptions-report-2020
https://www.solarsimplified.com/media/consumer-perceptions-report-2020
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Figure 6. Factors influencing potential solar adoption 

  
Source: ñMore U.S. Homeowners Say They Are Considering Home Solar 

Panels.ò Pew Research Center, Washington, D.C. (2019, December 17). 

The desire of customers to save money is central to explaining why DG tariff design 

matters. The various components of a DG tariff design will determine which utility  costs 

the customer can and cannot avoid, and this, combined with the prices in the tariff, will 

determine the customerôs payback period (i.e., how long it will take before the bill savings 

from installing DG pay for the initial investment and any ongoing costs).  

A 2015 report from t he Lawrence Berkeley National Laboratory explored the impacts  

of net metering and retail rate designs on customer adoption of distributed solar PV. 31  

The authors reached several conclusions, including :  

¶ ñ[R]etail rate design and PV compensation mechanisms can have a dramatic impact on 

the projected level of PV deployment. For example, wider adoption of time-varying 

rates is found to increase PV deployment in the medium term but reduce deployment 

in the longer term, relative to the reference scenario based on current rate offerings.ò  

¶ ñ[W]e estimate that cumulative national PV deployment in 2050 could be ~14% lower 

with a $10/month residential fixed charge, ~61% lower with a $50/month residential 

fixed charge and ~31% lower with ópartialô net metering.ò 

 
31 Darghouth, N., Wiser, R., Barbose, G., & Mills, A. (2015, July). Net metering and market feedback loops: Exploring the impact of retail rate 

design on distributed PV deployment (LBNL-183185). Lawrence Berkeley National Laboratory. https://emp.lbl.gov/publications/net-metering-

and-market-feedback 

https://emp.lbl.gov/publications/net-metering-and-market-feedback
https://emp.lbl.gov/publications/net-metering-and-market-feedback
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In early 2021, the North Carolina  Clean Energy Technology Center at North Carolina State 

University  prepared a study for three California utilities that reviewed net metering 

reforms from across the country.32 One aspect of the study looked at the impacts of 

reforms on solar adoption rates. In some cases, adoption rates were cut in half, while in 

others they increased or stayed roughly steady (see Table 2 for the results). 33 Details of the 

reforms adopted in each case are available in the study and offer insights as to why each 

case did or did not affect adoption rates, but the fact that some reforms had profound 

effects is sufficient to make the point that rate design affects customer decisions about 

solar adoption. 

Table 2. Solar adoption rates before and after net metering reforms 

 
Source: North Carolina Clean Energy Technology Center. (2021, February). A Review of Net Metering Reforms  

Across Select U.S. Jurisdictions 

More recently, researchers at The Brattle Group studied the effects of different rate 

designs on payback periods and distributed solar deployment using econometric demand 

models and data from 27 states. They concluded, ñIn terms of payback, we find that a one-

year increase in the payback period drops solar installations by 6 per cent.ò34, 35  

 
32 North Carolina Clean Energy Technology Center. (2021-a, February). A review of net metering reforms across select U.S. jurisdictions. 

https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M371/K711/371711892.PDF. The study was attached as Appendix 1 to a joint proposal of 

Pacific Gas and Electric Co., San Diego Gas & Electric Co. and Southern California Edison Co. filed March 15, 2021, in California Public 

Utilities Commission Docket R.20-08-020.  

33 North Carolina Clean Energy Technology Center, 2021-a, p. 4. 

34 Faruqui, A., Ros, A. J., & Kaiser, G. (2021, July). The battles over net energy metering. Energy Regulation Quarterly, 9(2). 

https://energyregulationquarterly.ca/articles/the-battles-over-net-energy-metering#sthash.X4Nbws5t.dpbs. A footnote in the article notes, ñThe 

results we cite in this sections is [sic] from consulting work performed to date as well as a working paper entitled, óResidential Rooftop Solar 

Demand and the Impact of NEM Compensation and Residential Electricity Prices.ô Please contact the author for a copy of the paper.ò  

35 Much of the cited article references the estimated impacts of NEM reforms proposed by California utilities on payback periods and solar 

adoption rates in that state, but the econometric analysis and the conclusions cited here are not specific to California. 

https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M371/K711/371711892.PDF
https://energyregulationquarterly.ca/articles/the-battles-over-net-energy-metering#sthash.X4Nbws5t.dpbs
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The importance of rate design to DG customers has also been demonstrated in cases where 

utilities (or regulators) reduced the compensation rate in tariffs for customers who had 

already installed and interconnected a PV system. These actions, especially if they are not 

phased in over a long period of time, can reduce the economic value of existing 

investments and generate strong opposition. For example, when Nevada regulators 

reduced net metering compensation in 2015, an outcry by customers and solar installers 

eventually led to a reversal of the policy.  

Utility Perspective 

When customers generate electricity behind the meter, they reduce their utili tyôs costs of 

service but also reduce the revenues the utility collects. No tariff design will perfectly 

balance reduced utility costs and reduced utility revenues in all circumstances and at all 

times. One of the arguments for traditional net metering , in addition to its simplicity,  has 

historically  been that crediting net generation at the full retail energy rate achieves ñrough 

justiceò in  th is difficult balancing act and avoids the need to precisely evaluate the impacts 

of DG on utility costs and revenues. So long as DG deployment is ñlow,ò any small 

imbalance created by the tariff will  have minimal impact on utility cost recovery . But in 

many parts of the country, DG deployment is no longer considered ñlowò and utilities are 

increasingly concerned about cost recovery implications.  

Customers on a net metering tariff can avoid the full r etail energy rate for every kWh they 

self-supply (i.e., generate and consume instantaneously on site). They can also receive a 

bill credit from the utility for any net excess generation that they export to the grid. This 

has implications for utility cost r ecovery in the short term for at least two reasons. First, 

retail energy rates are established in rate cases based on average utility costs . The variable 

energy costs that a utility actually  avoids when a customer with DG generates electricity 

can, depending on timing and location and other variables, be more than or less than the 

average energy cost reflected in retail rates. Second, rates are designed to recover some of 

the utilityôs short-run fixed costs through energy charges, but many of the utilityôs short-

run  fixed costs do not diminish when customers self-supply. This can lead to what is 

sometimes referred to as a lost contribution to fixed costs (LCFC).36 The design details of a 

net metering tariff and the prices within the tariff will play a large role in determining the 

magnitude of any LCFC. If relatively few customers take service on the tariff, the LCFC  

(if it exists) will be relatively small and may have no noticeable impact on utility cost 

recovery. But if a significant amount of generation is covered by a net metering tariff and 

the LCFC grows big enough, it will eventually create pressure to increase prices. This leads 

to the frequently expressed concern that traditional NEM tariffs unjustly shift costs from 

customers with DG to all the other customers.37 

The general concern about cost shifting is compounded by concerns about inequity. 

Researchers at Lawrence Berkeley National Laboratory found that customers who 

installed solar in 2018 spanned all income ranges, but only 30% had incomes below  

 
36 If the variable energy costs that a utility avoids because of customer generation exceed the average energy costs reflected in retail rates, 

this can partially or even fully offset any LCFC arising from the tariff. 

37 Net billing tariffs, where the credit for net excess generation is different from the full retail rate, can increase or decrease the concerns 

about cost shifting depending on whether generation is credited at a rate greater than or less than the retail energy rate. 
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120% of area median income. However, several states have adopted policies to make DG 

deployment more equitable, and the same report noted that there were three states where 

half the customers installing solar in 2018 had incomes below the area median for owner-

occupied homes.38 

Cost-shift concerns have been one motivator for efforts to redesign NEM tariffs or replace 

them with alternatives . Other revisions stem from a desire to compensate DG adopters 

fairl y for the value they provide to the electric system, compensate the utility fairly for the 

grid services customers provide, and charge nonparticipating consumers fairly for the 

value of the services they receive.39 In many cases, these efforts have been supported or 

opposed with benefit-cost analyses that seek to quantify the extent to which cost shifting is 

occurring or will occur. ICF, for its 2018 review of studies related to the costs and benefits 

of NEM and other distributed solar  rate designs,40 ident ified  more than 40 relevant studies 

but selected a subset for review based on these criteria: 

¶ The study identifies a set of value categories that can be applied to distributed PV. 

¶ The study was released in 2014 or later and was not included in earlier meta-analyses. 

¶ The selection includes studies from different regions of the country.  

¶ The selection includes studies from jurisdictions with different amounts of PV 

adoption.  

¶ The selection includes studies prepared by different research firms or utilities.  

¶ The selection includes studies that were sponsored or commissioned by different 

organizations (e.g., state utility commissions, utility companies, consumer advocates, 

environmental groups).  

The studies that ICF reviewed varied widely in the conclusions they drew about avoided 

costs, value and cost shifting associated with DG tariffs, as indicated in Table 3 on the  

next page. 

 
38 Barbose, G., Forrester, S., Darghouth, N., & Hoen, B. (2020, February). Income trends among U.S. residential rooftop solar adopters. 

Lawrence Berkeley National Laboratory. https://emp.lbl.gov/publications/income-trends-among-us-residential  

39 Linvill, C., Shenot, J., & Lazar, J. (2013). Designing distributed generation tariffs well: Fair compensation in a time of transition. Regulatory 

Assistance Project. https://www.raponline.org/wp-content/uploads/2016/05/rap-linvillshenotlazar-faircompensation-2013-nov-27.pdf  

40 ICF, 2018.  

https://emp.lbl.gov/publications/income-trends-among-us-residential
https://www.raponline.org/wp-content/uploads/2016/05/rap-linvillshenotlazar-faircompensation-2013-nov-27.pdf
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Table 3. Principal findings of studies on distributed solar rate designs 

 
Source: ICF. (2018). Review of Recent Cost-Benefit Studies Related to Net Metering and Distributed Solar  

ICF attempts to make sense of these widely varying findings by offering some key 

observations, excerpted here: 

¶ Overall value depends substantially on which costs and benefits are included and 

monetized in a study. é Three value categories, all on the wholesale power system, are 

included in all studies: avoided energy generation, avoided generation capacity, and 

avoided transmission capacity. 

¶ Approaches to defining the value categories and methods for quantifying them vary 

across studies and affect the results. 

¶ The perspective from which value is assessed affects which value categories are 

included and how they are quantified.  

¶ Studies use a range of input assumptions for factors that influence results, such as 

marginal unit displacement, solar penetration, integration costs, externalities, and 

discount rates. 


