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A B S T R A C T   

Traditional energy and demand savings metrics for distributed energy resources (DER) do not accurately describe the value of DERs to meet future energy needs, 
minimize grid investments, maintain reliability, and reduce greenhouse gasses. This problem is exacerbated in an increasingly renewable grid in which DER impact 
varies significantly with time and location. Moreover, different DERs are also valued using disparate metrics; this fragmented DER valuation and procurement creates 
process and economic inefficiencies. A new path forward is the Total System Benefits metric (TSB); the TSB aggregates all electric system benefits, and relevant 
environmental externalities that accrue to DERs. The TSB is the only metric that comprehensively values DER’s to meet future electric system needs and environ
mental policy goals. This common metric will enable electricity planners, regulators, utilities, and implementers to best deploy and track DER to meet electric grid 
and environmental policy needs. This paper explains why the TSB is the right metric to value all DER, data requirements to develop the TSB, how to express DER in 
terms of the TSB, and lessons learned so far from California’s implementation of the TSB.   

1. Traditional DER valuation metrics need to evolve 

Utility funded distributed energy resource (DER)1 programs are 
currently planned, implemented, and regulated separately on a per-DER 
basis. Moreover, the metric to value each DER is different and usually 
energy based. For example, state regulators have separate processes to 
set goals for acquiring cost-effective energy efficiency in annual energy 
savings (CPUC, 2021a; Puget Sound Energy, 2017); separate pro
ceedings to set goals for demand response programs in terms of coinci
dent demand reductions (CPUC, 2021b, 2021c); and separate goals for 
electrification programs in terms of budget spend or total equipment 
installed (CEC, 2022) or greenhouse gas (GHG) reductions (Wang and 
Menonna, 2020.). 

Economy-wide decarbonization relies on (1) producing electricity 
from renewable and zero-carbon resources, (2) electrification of fossil 
fuel end-uses, and (3) matching electric demand with renewable supply 
through storage and demand side-management solutions such as effi
ciency and demand response. Moreover, this needs to be accomplished 
through a mix of resources to minimize the total cost of building out this 
decarbonized grid and ensure electric service reliability. This presents 
many challenges for traditional means of valuing energy efficiency and 
demand response (Rosenow and Eyre, 2022.). 

There are two problems with the current paradigm. First, energy- 
only valuation metrics don’t capture the full suite of policy benefits 
that DERs provide to get to a decarbonized grid cost-effectively. Second, 
fragmented DER valuation and procurement creates inefficiencies by 

artificially siloing DERs, prohibiting optimal deployment, and creating 
unnecessary administrative burden. 

The holistic metric proposed in this paper solves the comprehensive 
valuation problem and makes significant headway toward solving the 
fragmentation problem. 

1.1. Existing energy based performance metrics don’t accurately describe 
DER contribution to least cost-decarbonization 

As renewable penetration on the grid increases, the value of DERs - to 
avoid energy, capacity, carbon, transmission & distribution investment 
deferrals - becomes increasingly time dependent. When low operating 
cost renewables are on the margin, wholesale energy prices are low and 
there are less carbon savings to be had; when traditional fossil-fired 
generation is on the margin, both wholesale energy prices and carbon 
savings are greater (CAISO, 2016). Moreover, as supply side means of 
integrating intermittent renewables, such as storage or peaker plants, 
are expensive, DERs can integrate renewables and avoid overbuild of 
capacity-only resources. This benefit of avoiding capacity is temporal as 
well. Finally, DERs can help defer transmission and distribution in
vestments if they reduce electricity demand at the right times and the 
right place. 

Traditional energy metrics, like annual energy savings for energy 
efficiency measures, don’t capture this temporal variation. The exam
ples in Appendix A illustrate that using energy as a performance metric 
for energy efficiency inaccurately describes the value energy efficiency 

1 In this paper, DERs refer to all load modifying (energy efficiency, demand response), distributed generation, and distributed storage resources. 
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provides to meeting energy system needs and carbon reduction policy 
goals. The two examples, one specific to California and one for the pa
cific northwest, illustrate that although the same set of cost-effective 
energy efficiency measures can be applied in varying configurations to 
meet annual energy savings targets, the total electric grid and carbon 
benefit from these differing implementation configurations could vary 
by a factor of three or more. This is because the value of energy savings 
in both California and the northwest varies significantly with time. 

Traditional energy savings metrics also cannot describe whether the 
net impact of electrification is beneficial. Electrification reduces carbon 
emissions by shifting load from carbon intensive fuels to an increasingly 
clean electricity grid. Energy efficiency and demand flexibility are 
valued because they reduce electricity generation and demand; building 
electrification on the other hand reduces fossil fuel use and increases 
electricity use. The net impact of building electrification is thus the 
difference between the value of gas savings and the increase in electric 
consumption.2 Some jurisdictions value this impact in terms of GHG 
savings, but that ignores the impact that changing electricity and gas 
demand due to electrification has on energy prices, capacity needs, and 
transmission and distribution infrastructure (NRDC, 2020.). 

1.2. Fragmented DER valuation and procurement creates inefficiencies 

Fragmented DER procurement, each with its own methods of mea
surement and valuation, causes at least three inefficiencies: it leads to 
incomplete valuation of DERs. It prevents multiple DERs from 
competing to provide value and thereby it also ignores the interactive 
effects between multiple DERs. DER fragmentation also causes unnec
essary administrative burden. 

The same distributed resource can achieve multiple ends and should 
be valued accordingly. For example, a heat pump water heater can be 
used to electrify gas end uses (decarbonization and energy efficiency), it 
can be applied as an upgrade to an inefficient electric water heater 
(energy efficiency), and it can also be applied to shift load by pre-heating 
water in line with electric grid needs (demand flexibility/load shifting). 
Similarly, a smart thermostat can reduce electric demand during times 
of supply constraint (demand response) and reduce annual energy 
consumption (energy efficiency.) Including these technologies into 

energy efficiency-only programs, for example, means that they will be 
valued by planners and implementers for their annual energy savings 
contribution only. 

Fragmented DER implementation also prevents multiple DERs that 
provide the same value from competing against each other (IPI, 2019 at 
25); by doing so it also fails to account for the interactive effects between 
DERs. This leads to missed opportunities and/ or unnecessary spending. 

For example, if the objective of a regulatory planner is to cost- 
effectively avoid the need for building new capacity and to reduce 
total energy use, then that planner could apply energy efficiency, 
distributed generation, and demand response in various combinations to 
meet that goal. Ideally a planner would define the total need and let 
providers of different DER compete to meet that system need in a least 
cost-manner. Moreover, the adoption of one type of DER impacts the 
incremental value of other DERs. For example, if energy efficiency does 
not fulfill its load management/ demand reduction obligations, the need 
for incremental demand response will increase. And conversely, if en
ergy efficiency over-achieves its load management obligations, incre
mental demand response isn’t needed to the same extent. 

Finally, implementing DER through separate and unrelated initia
tives leads to added administrative burden and inefficient imple
mentation. This is because there is a lot of overlap between the 
customers that each of these DER are separately marketed to and the 
energy and policy benefits these DER procurement programs target 
(ACEEE, 2020). Integrated deployment of DERs can also reduce soft 
costs by offering customers a one-stop shop for demand side manage
ment technologies and may also help customers identify the best com
bination of solutions given personal preferences and budgetary 
constraints. 

2. Utility avoided costs are the foundation for comprehensively 
valuing DERs 

Utility avoided costs are the bedrock for determining cost- 
effectiveness of DER. They represent estimates of costs avoided by the 
utility when a DER either generates or reduces demand for a marginal 
unit of energy. These should include all relevant utility system costs and 
utility system related policy compliance costs that would be incurred by 
the utility in the absence of demand side savings or generation. Avoided 
costs are also often referred to as the DER value stack or total value of 
DERs (Lazar and Colburn, 2013; New York State Public Service Com
mission (PSC), 2022). 

For example, in the absence of a distributed resource that produces 

Fig. 1. Monthly variation in levelized average avoided costs.  

2 Similarly transportation electrification impact can be described as the dif
ference of the impact between gasoline savings and increase in electricity 
consumption. 
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carbon free electricity at 6 PM on a September weekday, the utility 
would have to purchase additional electricity from the wholesale market 
to deliver to customers. The associated costs that the utility avoids 
because of that clean distributed resource include the short run costs of 
purchasing electricity through the wholesale market, the potential long- 
run costs of expanding grid capacity, and the cost marginal emissions. 
These avoided costs are dependent on when and where the distributed 
resource saves or produces electricity. 

Fig. 1 shows the average economic value of all the benefits of energy 
efficiency for each month of the year in California including the value of 
marginal GHG reductions. Fig. 2 shows the economic value of benefits 
from saving energy in each hour of the day in California as represented 
by California’s avoided costs. Each hour’s value is the average value for 
that hour across all days of the year. 

These avoided costs illustrate how the value of saving energy varies 
significantly with time, especially in an electric grid with high renew
able penetration. When renewable resources are at the margin, the value 
of avoided energy is low because of the minimal cost of renewable 
electricity generation and avoided emissions value is zero. 

As these figures show, traditional energy savings metrics are 
incomplete because resource planners solve for a wide range of energy 
system and policy needs (such as reduced carbon emissions, avoided 
capacity, etc); and because the total value of energy savings varies 
significantly by time of day and season and also with a DER’s lifetime. 

3. A new path forward: total systems benefits 

To resolve these shortcomings, a better DER valuation metric is the 
total system benefits (TSB) metric. The TSB is calculated by multiplying 
the DER load-shape by the hourly avoided costs through the DER’s 
effective life.3 To the extent that the avoided cost calculator accounts for 
the various benefits of energy savings and how they vary with time, 
illustrated via Figs. 1 and 2 above, the TSB will capture the complete 
value stack of DER. 

TSB =

∫t=n

t=0

(loadshape × avoidedcosts)dt 

This simple formula can be applied to all DER. For energy efficiency 

measures, this is the sum of the product of a measure’s load-shape and its 
time varying avoided costs through a measure’s lifetime. For a demand 
response event, the TSB is equal to the product of the load-shape of the 
event and the applicable avoided costs. The TSB for electrification 
measures is the sum of the gas TSB (due to decreased gas use and related 
emissions reductions) and the negative electric TSB (due to increased 
electric use and related emissions increase). This same formula can be 
applied to distributed generation, storage, and other DERs. 

Appendix B shows the TSB calculation for a hypothetical energy 
savings measure with and without load shaping capability and illus
trates how the TSB can quantify and explain the full suite of benefits of 
different types of DER through the above formula. 

The TSB can also be thought of as the numerator, or the lifetime 
benefits of DER, in traditional cost effectiveness tests (CPUC, 2001). The 
TSB is not completely novel. It is an aggregation of existing performance 
metrics; its application to set goals and track performance of DERs is 
novel. Inputs necessary to calculate the TSB exist in all jurisdictions 
where regulated utility demand side programs exist. 

The TSB represents the aggregate value a DER provides toward 
meeting energy system needs (energy, demand/ reliability, transmission 
& distribution capacity) and related energy sector policy goals such as 
GHG reductions. This holistic metric thereby describes the full value of a 
DER toward achieving a reliable, least-cost, and decarbonized grid. For 
example, the TSB represents the aggregate value a smart thermostat 
provides as a demand response and an energy efficiency measure; it also 
accurately describes the value heat pump water heaters can provide for 
electrification, demand response and energy efficiency. 

The TSB can be used to set goals for all DER and thus helps break 
down DER-specific silos. By setting one goal and by providing a common 
metric to value multiple DER, resource planners can now encourage 
competition between all DER to meet energy system and carbon 
reduction needs most cost-effectively and can account for the interactive 
impacts of different DER. As explained next, the TSB has been imple
mented on a limited basis in California to describe goals for energy ef
ficiency, some demand flexibility measures, and some electrification 
measures. Its broader application is yet to be tested. 

Moving to the TSB to describe DERs has many other practical 
advantages. 

Setting goals and valuing measures in terms of a TSB helps develop a 

Fig. 2. Hourly variation in annual average avoided costs.  

3 For dispatchable demand response initiatives the lifetime is equal to the 
number of demand response events being analyzed. 
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technology neutral priority order for DER procurement to meet grid 
needs and carbon reduction goals.4 

DERs can now be combined and compared to offer more expansive 
programs as they now have a common unit of valuation. It also makes 
cost-effectiveness determinations easier and more intuitive. If the TSB 
for a DER measure, program, or portfolio is greater than the costs to 
acquire it, then that DER measure, program, or portfolio is cost-effective 
from a utility’s perspective. 

3.1. Developing DER goals in TSB 

There are two general methods for setting goals for DER through the 
TSB that are within scope of existing regulatory and utility planning 
processes. Most planning processes determine goals in two ways: (1) 
through an integrated resource plan, a co-optimization model of all re
sources a utility should acquire to meet future energy needs and policy 
goals, or (2) through a potential model, which forecasts DER adoption to 
determine feasible programmatic goals for cost-effective DER 
procurement. 

If an IRP process is being used to set DER adoption goals then the TSB 
can be calculated by taking the difference between total utility spending 
in a no DER scenario and total utility spending in which DER are co- 
optimized with supply side resources. This difference between the two 
values will provide the marginal value of future DER adoption value in 
dollars. 

If a potential model is being applied then, the TSB can be estimated 
by multiplying (1) the utility avoided costs with (2) each DER load- 
shape being analyzed and with (3) the quantity of cost-effective DER 
selected by the model. (DOE, 2020). 

3.1.1. Data necessary to develop TSB goals 
The TSB is an aggregation of various inputs and its usefulness and 

accuracy is a function of the veracity of its inputs. No new data incre
mental to those already applied to determine DER procurement goals, 
evaluate their impact and cost-effectiveness are necessary to develop the 
TSB. Moving to the TSB, however, does underscore the importance of 
two categories of inputs that may be overlooked due to focus on annual 
energy savings in existing processes. The first category are DER measure 
characteristics and the second are utility avoided costs. 

The DER measure characteristics that are necessary to fully realize 
the potential of the TSB are primarily the DER impact load-shape and 
how long a DER is expected to be active (e.g., the effective useful life 
(EUL) for energy efficiency and distributed generation or the number of 
events for demand response initiatives). 

As the TSB intends to capture time varying impacts of DER, it is 
important that time-varying DER load-shapes are as accurate as possible. 
Similarly, because the TSB aggregates the impact of a DER through a 
DER’s lifetime, an accurate estimate of EUL of energy efficiency and 
distributed generation measures is necessary. Although both of these 
inputs are necessary to estimate DER cost-effectiveness, due to the pri
mary focus on annual energy and demand savings targets not much 
resources are spent researching and updating load shapes and EULs. Any 
errors and uncertainties that exist within these inputs flow through to 
cost-effectiveness estimates as well. Moving to the TSB highlights the 
importance of and encourages research on these inputs. This will also 
reduce any inaccuracies that exist in cost-effectiveness analysis. 

Avoided costs are the backbone of any DER cost-effectiveness eval
uation and also the backbone of the TSB metric. It is essential for any 
DER planning process, whether it is based on the TSB or not, to start with 
comprehensive and time varying avoided costs. This is especially 
important in regions with clean energy policy and high renewable 

penetration where the value of avoided energy, capacity, and carbon 
emissions vary significantly with time (per Figs. 1 and 2 above.). 

Avoided costs should describe the incremental short and long-run 
impacts of marginal change in energy consumption. These should 
include all relevant energy system costs and energy system related 
environmental and other policy compliance costs that would be incurred 
by the utility (and borne by its customers through their utility bills) in 
the absence of a demand side initiative.5 These avoided costs are 
dependent on when and where the distributed resource saves or pro
duces electricity. 

Avoided costs should be time varying and, to the extent feasible, 
account for geographic variation of the energy system. These avoided 
costs should include a valuation of environmental externalities that a 
utility is legally obligated to account for.6 In California, for example, 
hourly avoided costs include a monetary value of greenhouse gas 
emissions aligned with the costs of complying with California’s energy 
sector greenhouse gas reduction goals. 

3.2. Implementing the TSB metric in California 

In March 2020 the California Public Utilities Commission (CPUC) 
solicited stakeholder feedback on what metric or valuation framework 
should be used to value energy efficiency and electrification in Cali
fornia considering the multiple objectives of these measures including 
greenhouse gas reduction, energy conservation, and grid benefits 
(CPUC, 2020). 

After reviewing party comments, the CPUC adopted the TSB metric 
to value energy efficiency as a resource through a subsequent decision 
based primarily on comments filed by the Natural Resources Defense 
Council (NRDC) (CPUC, 2021d). 

The CPUC Decision required that the TSB metric be phased in over a 
three year period; and they required the California investor owned 
utilities (IOU) to start tracking the TSB metric parallel to energy savings 
goals in the meantime and to apply it for developing their portfolios. The 
CPUC developed a TSB target through their most recent potential study; 
this target is inclusive of energy efficiency, electrification, and some 
demand response measures. The TSB has already led to planning 
improvements. 

The CPUC has also started using TSB to track goals and IOU ac
complishments toward this goal. This provides the IOU program ad
ministrators freedom to trade off different measures to best achieve 
these goals (CPUC, 2021f) and enables initiating building electrification 
efforts through the energy efficiency portfolio. The IOUs have reported 
in their recent energy efficiency program filings that the TSB metric has 
made planning for multiple resource procurement goals - energy, de
mand, and carbon savings - more efficient (e.g., PG&E, 2022). Marin 
Clean Energy (MCE) has applied the TSB to develop innovative pay for 
performance programs that incentivize customers to adopt DERs that 
help meet California’s carbon reduction and reliability needs (in addi
tion to all other services that DER provide) (St. John, 2021). 

The TSB has also helped program administrators evolve program 
offerings to changing grid needs. For example, the CPUC released a 
ruling soliciting requests for special demand side management programs 

4 Two measures with the same annual energy savings contributions can have 
very different energy and carbon reduction benefits based on each measure’s 
location and loadshape/ time varying impact as illustrated in Appendix B. 

5 For example, in the absence of a distributed resource that produces carbon 
free electricity at 6 PM on a September weekday, the utility would have to 
purchase additional units of electricity from the wholesale market to deliver to 
customers. The associated costs that the utility avoids through that distributed 
resource include, at minimum, the cost of purchasing electricity, the cost of any 
additional strain on the transmission and distribution grid, the cost of pro
curement of clean supply side resources to meet state carbon reduction goals, 
and the costs with resource adequacy contracts.  

6 The TSB can also be modified to develop a societal metric instead of a utility 
system metric by including a broader set of costs and benefits alongside utility 
avoided costs. 
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to meet California’s summer evening capacity shortage needs. However, 
no special carve-out was needed to focus energy efficiency programs to 
meet this goal (CPUC, 2021e). This is because capacity shortfalls lead to 
higher avoided energy and capacity procurement costs that is reflected 
in CPUC’s regularly updated avoided costs; as the TSB is an aggregation 
of these avoided costs values, program administrators are naturally 
incentivized to target energy conservation in capacity shortfall hours 
because the TSB goal incentivizes them to target hours with highest 
utility avoided costs. Energy savings in these hours provides much 
greater TSB than in other hours. Thus focusing effort toward the most 
beneficial conservation measures. 

4. Conclusion 

In an increasingly renewable grid, the value of DER varies with time. 
DERs are more valuable when thermal generation is on the margin and 
when the grid is capacity constrained. The value of these resources is 
also dependent on its location. 

The TSB is the only metric that comprehensively values all demand 
side management measures’ ability to meet future energy system needs 
(energy, capacity, transmission & distribution, etc.), environmental 
policy goals,such as greenhouse gas reduction goals, and environmental 
externalities (such as air pollution reduction). The TSB is thus necessary 
for states with climate goals that require inclusion of environmental 
impacts in energy planning and procurement.7 

All DER can be expressed and valued through the TSB, which helps to 
break silos between energy efficiency, demand flexibility, distributed 
generation, storage, and electrification. Setting and tracking goals 
through the TSB provides demand side program planners and imple
menters the information necessary to optimize deployment of distrib
uted resources. TSB is flexible and it represents the evolving need of the 

grid; e.g., in a high renewable grid the TSB will help focus demand side 
measures on those hours where polluting resources are on the margin 
and to integrate intermittent renewables. 

The TSB has been implemented in California primarily for energy 
efficiency and electrification measures. Lessons learned in California 
will help further inform the development and implementation of the TSB 
metric. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Appendix A 

Existing Energy Based Performance Metrics Are Incomplete: An Illustration 
through Energy Efficiency Measures 

Energy savings goals for demand side programs are typically set in 
terms of annual energy savings. To ensure that these savings are bene
ficial to the grid, regulators require savings from utility funded programs 
to be cost-effective. The problem with setting goals in terms of cost- 
effective annual energy savings is illustrated here with the help of two 
theoretical examples, first using energy efficiency data for California 
and then for the Pacific Northwest. 

These two examples, each from a different region, illustrate that this 
issue isn’t specific to any one region; the findings and recommendations 
of this paper are germane to regulators of energy efficiency programs 
across the country. 

Fig. 3 presents a list of twelve cost-effective measures currently 
offered in California, their cost-effectiveness ratios calculated through 
the Total Resource Cost (TRC) test, and three scenarios through which 
these measures can be implemented, in differing quantities, to reach a 
hypothetical annual energy savings goal of 100,000 kWh. Also presented 
in Fig. 3 are the total benefits accrued through each measures’ lifetime. 
This value of total benefits is the economic value of the energy system 
needs met by energy efficiency and the monetary value of the policy 

Fig. 3. California example: three feasible paths to meeting a cost-effective annual energy savings target. each scenario results in very different total benefits.  

7 For example, the draft scoping plan in NY to meet the Climate Leadership 
and Community Protection Act (CLCPA) includes a benefit-cost analysis that 
recognizes that improvements in air quality, increased active transportation, 
and energy efficiency interventions generates health benefits ranging from 
approximately $165 billion to $170 billion. Reduced GHG emissions avoids the 
economic impacts of damages caused by climate change equaling approxi
mately $235 billion to $250 billion. The combined benefits range from 
approximately $400 billion to $420 billion. Moving to the TSB will help ac
count for these benefits of DERs. 
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goals met by energy efficiency such as reducing carbon emissions. 
Each of these three scenarios are feasible ways to get to an annual 

energy savings goal of 100,000 kWh cost-effectively. However, each 
scenario results in a different total system and climate benefit from 
energy efficiency. Scenario 1, which gets to the annual savings goal 
through an even distribution of energy savings among the measures, 
results in benefits of $41,224 to California’s energy customers. Scenario 
2, which focuses on measures that have lower relative benefits, gets to 
the goal of 100,000 kWh while resulting in benefits worth $24,841. 
Scenario 3, which focuses on measures with higher relative benefits 
results in getting to the annual energy savings goals and benefits worth 
$79,191. So, although each scenario represents a feasible way for pro
grams to meet their goals, the resulting benefits that accrue to Cali
fornians from these three scenarios vary significantly: approximately by 
a factor of three. 

Fig. 4 applies six common cost-effective measures, developed by the 
Regional Technical Forum, to construct a similar example for the Pacific 
Northwest. Each scenario presented in Fig. 4 shows a cost-effective way 
to get to an annual energy savings goal of 100,000 kWh. But the total 
benefits associated with each scenario varies significantly. Scenario 1 
gets to the annual energy savings goal through equal savings contribu
tion from each measure, Scenario 2 focuses on measures with lower 
relative benefits, and Scenario 3 focuses on measures with higher rela
tive benefits. 

The result is similar to the result of the California example. Energy 
efficiency goals can be met cost-effectively, but the total amount of 
benefits that Pacific Northwesterners get from energy efficiency could 
vary by a factor of three. This shows that if energy efficiency measures 
are correctly prioritized by program administrators and implementers, 
Pacific Northwesterners can get three times the amount of benefits from 
energy efficiency in the form of lower electric rates and less carbon 
emissions than a scenario in which these measures aren’t correctly 
prioritized. 

These examples illustrate that expressing energy efficiency goals in 
terms of annual energy savings with a cost-effectiveness requirement 
does not provide the right signal for program administrators and im
plementers to get the most out of energy efficiency. The effects of this 
issue have been felt by some resource planners and stakeholders who 
note that energy efficiency procurement does not have enough mean
ingful measures that save energy at the right time and for many years. 

Fig. 4. Pacific Northwest example: three feasible paths to meeting a cost-effective annual energy savings target. Each scenario results in very different total benefits.  

Fig. 5. Measures M1 and M2 have the same annual energy savings, 
different loadshapes. 
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Appendix B 

Detailed TSB Calculation Example 

Fig. 5 presents the average hourly impact for two measures that have 
the same annual energy savings (240 kWh.) Measure M1 is an energy 
efficiency measure that saves a constant amount of energy in each hour 
of the year. Measure M2 adds smart controls to M2 to shift load in line 
with grid needs. Both measures have a one year measure-life. 

Fig. 6 presents the levelized average hourly avoided costs ($/MWh). 
The TSB for both measures can be determined by multiplying hourly 

savings by hourly avoided costs. These are presented in Figs. 7 and 8. 
The TSB for M1 is $15, the TSB for M2 is $30. 

The TSB for M2 is $15, that for M2 is $30 even though they save the 
same amount of annual energy. This example illustrates the following:  

• The TSB values those measures that save energy when it is most 
valuable to the grid  

• The energy savings value of both measures is 240 kWh; the demand 
value of M2 is intuitively greater than M1, the TSB explains exactly 
how much.  

• The TSB is capable of describing the combined energy and load- 
shifting value of each measure. So, for example, the TSB will cap
ture the total value realized by a heat pump water heater with load 
shifting capability.  

• The TSB also explains the relative value of each measure’s stream of 
benefits. 

References 

ACEEE, 2020, February. Integrating Energy Efficiency, Solar, and Battery Storage in 
Utility Programs, American Council for an Energy-Efficient Economy, Report B2001. 
〈https://www.aceee.org/research-report/b2001〉. 

CAISO, 2016. CAISO: what the duck curve tells us about managing a green grid. 
California ISO. 〈https://www.caiso.com/documents/flexibleresourceshelprenewab 
les_fastfacts.pdf〉. (Accessed 9 June 2022). 

CEC, 2022. Building Initiative for Low-Emissions Development Program, California 
Energy Commission, California Energy Commission. 〈https://www.energy.ca.go 
v/programs-and-topics/programs/building-initiative-low-emissions-development- 
program〉. (Accessed 9 June 2022). 

CPUC, 2001. California standard practice manual economic analysis of demand-side 
programs and projects. Regulatory Assistance Project. 〈https://www.cpuc.ca. 
gov/-/media/cpuc-website/files/uploadedfiles/cpuc_public_website/content/utilitie 
s_and_industries/energy_-_electricity_and_natural_gas/cpuc-standard-practice-man 
ual.pdf〉. (Accessed 9 June 2022). 

CPUC, 2020. Administrative Law Judge’s Ruling Inviting Responses to Potential Policy 
Goals and Questions. - 1 - ALJ/VUK/kz1 3/12/2020 Order Instituting Rulemaking 
Concerning Energy Efficiency Rolling Portfolios, Policies, Programs, E. 〈https://docs. 
cpuc.ca.gov/PublishedDocs/Efile/G000/M329/K232/329232450.PDF〉. (Accessed 9 
June 2022). 

CPUC, 2021a. Decision Adopting Energy Efficiency Goals for 2022–2032. California 
Public Utilities Commission. 〈https://docs.cpuc.ca.gov/PublishedDocs/Publish 
ed/G000/M411/K177/411177185.PDF〉. 

CPUC, 2021b. Energy Efficiency. California Public Utilities Commission. 〈https://www. 
cpuc.ca.gov/energyefficiency/〉. (Accessed 9 June 2022). 

CPUC, 2021c. Demand Response (DR). California Public Utilities Commission. 〈http 
s://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/de 
mand-response-dr〉. (Accessed 9 June 2022). 

CPUC, 2021d, October 29). Public Utilities Commission October 29, 2021 Agenda ID 
#20024 Ratesetting to Parties of Record in Rulemaking 13-11-005. 〈https://docs. 
cpuc.ca.gov/PublishedDocs/Efile/G000/M418/K717/418717731.PDF〉. (Accessed 9 
June 2022). 

CPUC, 2021e. Assessment of Energy Efficiency Potential and Goals and Modification of 
Portfolio Oversight Process. 〈https://docs.cpuc.ca.gov/PublishedDocs/Publish 
ed/G000/M385/K864/385864616.PDF〉. 

CPUC, 2021f, April 16. Public utilities commission April 16, 2021 Agenda ID #19409 
Ratesetting to parties of record in rulemaking 13-11-005. 〈https://docs.cpuc.ca.go 
v/PublishedDocs/Efile/G000/M378/K256/378256443.PDF〉. (Accessed 9 June 
2022). 

Department of Energy (DOE), 2020. Energy Efficiency Potential Studies Catalog, 
Department of Energy. 〈https://www.energy.gov/eere/slsc/energy-efficiency-potent 
ial-studies-catalog〉. (Accessed 9 June 2022). 

Institute of Policy Integrity (IPI), 2019, December. Getting the Value of Distributed 
Energy Resources Right. Institute for Policy Integrity. 〈https://policyintegrity.org/fi 
les/publications/Getting_the_Value_of_Distributed_Energy_Resources_Right.pdf〉. 
(Accessed 9 June 2022). 

Lazar, J., Colburn, K. , 2013, October 9. A layer cake of benefits: recognizing the full 
value of energy efficiency (webinar). Regulatory Assistance Project. 〈https://www. 
raponline.org/event/a-layer-cake-of-benefits-recognizing-the-full-value-of-energy-e 
fficiency/〉. (Accessed 9 June 2022). 

New York State Public Service Commission (PSC), (2022). the Value Stack - Value of 
Distributed Energy Resources - NYSERDA. NYSERDA. 〈https://www.nyserda.ny.go 
v/All-Programs/ny-sun/contractors/value-of-distributed-energy-resources〉. 
(Accessed 9 June 2022). 

NRDC, 2020. Natural Resources Defense Council (NRDC) Comments on Administrative 
Law Judge’s Ruling Inviting Responses to Potential and Goals Policy Questions 
(CPUC Regulatory Comments). 〈https://docs.cpuc.ca.gov/SearchRes.aspx?Doc 
Format=ALL&DocID=338277271〉. 

Pacific Gas & Electric (PG&E), 2022. Pacific Gas and Electric Company Energy Efficiency 
2024 Business Portfolio Plan; PG&E Energy Efficiency 2024–2031 Strategic Plan 
Prepared Testimony Exhibit 1. 〈https://www.caeecc.org/_files/ugd/849f65_3c74e70 
e20ae4c7d8e09edfbb402eb27.pdf〉. 

Puget Sound Energy, 2017. 2017 PSE Integrated Resource Plan Appendix J. Puget Sound 
Energy Integrated Resource Plan. 〈https://www.pse.com/-/media/PDFs/001-Ener 
gy-Supply/001-Resource-Planning/IRP17_AppJ.pdf〉. 

Fig. 6. California levelized hourly average avoided costs ($/MWh).81  

Fig. 7. M1 Hourly TSB (Total = $15).  

Fig. 8. M2 Hourly TSB (Total = $30).  

M. Chhabra                                                                                                                                                                                                                                      

https://www.aceee.org/research-report/b2001
https://www.caiso.com/documents/flexibleresourceshelprenewables_fastfacts.pdf
https://www.caiso.com/documents/flexibleresourceshelprenewables_fastfacts.pdf
https://www.energy.ca.gov/programs-and-topics/programs/building-initiative-low-emissions-development-program
https://www.energy.ca.gov/programs-and-topics/programs/building-initiative-low-emissions-development-program
https://www.energy.ca.gov/programs-and-topics/programs/building-initiative-low-emissions-development-program
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpuc_public_website/content/utilities_and_industries/energy_-_electricity_and_natural_gas/cpuc-standard-practice-manual.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpuc_public_website/content/utilities_and_industries/energy_-_electricity_and_natural_gas/cpuc-standard-practice-manual.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpuc_public_website/content/utilities_and_industries/energy_-_electricity_and_natural_gas/cpuc-standard-practice-manual.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpuc_public_website/content/utilities_and_industries/energy_-_electricity_and_natural_gas/cpuc-standard-practice-manual.pdf
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M329/K232/329232450.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M329/K232/329232450.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M411/K177/411177185.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M411/K177/411177185.PDF
https://www.cpuc.ca.gov/energyefficiency/
https://www.cpuc.ca.gov/energyefficiency/
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M418/K717/418717731.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M418/K717/418717731.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M385/K864/385864616.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M385/K864/385864616.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M378/K256/378256443.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M378/K256/378256443.PDF
https://www.energy.gov/eere/slsc/energy-efficiency-potential-studies-catalog
https://www.energy.gov/eere/slsc/energy-efficiency-potential-studies-catalog
https://policyintegrity.org/files/publications/Getting_the_Value_of_Distributed_Energy_Resources_Right.pdf
https://policyintegrity.org/files/publications/Getting_the_Value_of_Distributed_Energy_Resources_Right.pdf
https://www.raponline.org/event/a-layer-cake-of-benefits-recognizing-the-full-value-of-energy-efficiency/
https://www.raponline.org/event/a-layer-cake-of-benefits-recognizing-the-full-value-of-energy-efficiency/
https://www.raponline.org/event/a-layer-cake-of-benefits-recognizing-the-full-value-of-energy-efficiency/
https://www.nyserda.ny.gov/All-Programs/ny-sun/contractors/value-of-distributed-energy-resources
https://www.nyserda.ny.gov/All-Programs/ny-sun/contractors/value-of-distributed-energy-resources
https://docs.cpuc.ca.gov/SearchRes.aspx?DocFormat=ALL&amp;DocID=338277271
https://docs.cpuc.ca.gov/SearchRes.aspx?DocFormat=ALL&amp;DocID=338277271
https://www.caeecc.org/_files/ugd/849f65_3c74e70e20ae4c7d8e09edfbb402eb27.pdf
https://www.caeecc.org/_files/ugd/849f65_3c74e70e20ae4c7d8e09edfbb402eb27.pdf
https://www.pse.com/-/media/PDFs/001-Energy-Supply/001-Resource-Planning/IRP17_AppJ.pdf
https://www.pse.com/-/media/PDFs/001-Energy-Supply/001-Resource-Planning/IRP17_AppJ.pdf


The Electricity Journal 35 (2022) 107192

8

Rosenow, J., Eyre, N. , 2022. Reinventing energy efficiency for net zero. Energy Research 
& Social Science, 90. 〈https://www.sciencedirect.com/science/article/abs/pii 
/S2214629622001062?via%3Dihub〉. 

St. John, J. , 2021, April 19. Can a new way to pay for behind-the-meter flexibility help 
prevent…. Canary Media. 〈https://www.canarymedia.com/articles/grid-ed 
ge/can-a-new-approach-to-demand-flexibility-help-save-california-from-rolling-blac 
kouts〉. 

Wang, F., Menonna, F., 2020, October 1. This California Utility Is Now Measuring 
Building Electrification in “Avoided Carbon”. Greentech Media. 〈https://www.gree 
ntechmedia.com/articles/read/this-california-utility-is-now-measuring-building-ele 
ctrification-in-avoided-carbon〉. 

Mohit Chhabra focuses on affecting policy to accelerate the transition to a sustainable and 
clean energy future. He provides analysis and strategic guidance to policymakers and other 
stakeholders at the state, regional, and national levels. Mohit is currently working on 
developing cost-efficient pathways to reduce greenhouse gas emissions from California’s 
rapidly transforming electric grid. Mohit has an extensive background in energy conser
vation analysis. He is a voting member of the Regional Technical Forum of the Pacific 
Northwest and is also a part of the Conservation Resources Advisory Committee of the 
Pacific Northwest. He holds a master’s in civil environmental and architectural engi
neering from the University of Colorado, Boulder and a bachelor’s in mechanical engi
neering from the University of Pune in India. He is based in NRDC’s San Francisco office. 

8 CPUC avoided costs available here: https://www.cpuc.ca.gov/industries- 
and-topics/electrical-energy/demand-side-management/energy-efficiency/ 
idsm 

M. Chhabra                                                                                                                                                                                                                                      

https://www.sciencedirect.com/science/article/abs/pii/S2214629622001062?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2214629622001062?via%3Dihub
https://www.canarymedia.com/articles/grid-edge/can-a-new-approach-to-demand-flexibility-help-save-california-from-rolling-blackouts
https://www.canarymedia.com/articles/grid-edge/can-a-new-approach-to-demand-flexibility-help-save-california-from-rolling-blackouts
https://www.canarymedia.com/articles/grid-edge/can-a-new-approach-to-demand-flexibility-help-save-california-from-rolling-blackouts
https://www.greentechmedia.com/articles/read/this-california-utility-is-now-measuring-building-electrification-in-avoided-carbon
https://www.greentechmedia.com/articles/read/this-california-utility-is-now-measuring-building-electrification-in-avoided-carbon
https://www.greentechmedia.com/articles/read/this-california-utility-is-now-measuring-building-electrification-in-avoided-carbon

	One metric to rule them all: A common metric to comprehensively value all distributed energy resources
	1 Traditional DER valuation metrics need to evolve
	1.1 Existing energy based performance metrics don’t accurately describe DER contribution to least cost-decarbonization
	1.2 Fragmented DER valuation and procurement creates inefficiencies

	2 Utility avoided costs are the foundation for comprehensively valuing DERs
	3 A new path forward: total systems benefits
	3.1 Developing DER goals in TSB
	3.1.1 Data necessary to develop TSB goals

	3.2 Implementing the TSB metric in California

	4 Conclusion
	Declaration of Competing Interest
	Data availability
	Appendix A
	Existing Energy Based Performance Metrics Are Incomplete: An Illustration through Energy Efficiency Measures

	Appendix B
	Detailed TSB Calculation Example

	References


