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Agenda

► Methods to consider energy efficiency (EE) and demand response (DR) 
in long-term electricity planning

► Changes to load forecasting and resource potential assessments 
processes
◼ Energy efficiency and demand response supply curve examples

► Changes to capacity expansion modeling 
◼ Efficiency and demand response modeling results

► Valuing demand flexibility from distributed energy resources (DERs)
► Questions states can ask 
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Methods to incorporate EE and DR in 
electricity system planning and markets

► Electric utilities, independent 
system operators and 
regional transmission 
operators (ISO/RTOs) have 
acquired significant levels of 
EE and DR over several 
decades. 

► Increasing levels of wind 
and solar, growth in peak 
demand, and electrification 
of transportation and other 
loads have increased the 
need for time-sensitive 
evaluation of EE and a more 
flexible and resilient 
electricity system.
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Typically, EE and DR are load forecast 
adjustments in long-term electricity planning

Years

G
W

h

► Load forecasts project future 
electricity consumption and peak 
demand. 

► In vertically integrated states, 
utilities conduct resource planning 
to evaluate the timing and 
allocation of different types of 
supply and demand resources to 
reliably meet projected loads.

► In restructured states, ISOs and RTOs operate markets to determine 
which resources will be dispatched during each hour of the day.* 

► In both these approaches, the basic technique for incorporating 
efficiency into the planning process is to reduce the load forecast by an 
estimated quantity. 

*EE and DR can bid into forward capacity markets, where they exist, subject to eligibility rules.
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Why model efficiency, demand response and 
other DERs as selectable resources? 

5

► Integrated Resource Planning (IRP) is intended to evaluate multiple 
resource portfolio options in an organized, holistic, and technology-
neutral manner and normalize solution evaluation across generation, 
distribution, and transmission systems and demand-side resources.

► In this framework, DERs are a decision variable directly comparable to 
amounts and timing of generation options. This allows for consideration 
of relative cost and risk across the broadest array of potential solutions.

► Modeling energy efficiency and other DERs as resource options for bulk 
power systems can support many state objectives, including greater 
reliability and resilience, reduced electricity costs, achieving energy 
efficiency and renewable energy targets, and lower air pollutant 
emissions. 
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Typically, IRPs determine the amount and timing of 
EE and DR development in a 6-step process.

► Step 1 – Estimate technical potential on a per application basis (i.e., savings 
per unit)

► Step 2 – Estimate economic potential on a per application basis (i.e., 
levelized cost per unit) based on “avoided cost” of a “proxy” resource or 
capacity expansion model marginal resource analysis

► Step 3 – Estimate number of applicable units (account for physical limits, 
retirements, new construction, etc.)

► Step 4 – Estimate economic potential for all applicable units

► Step 5 – Estimate economically achievable potential for all realistically 
achievable units

► Step 6 – Reduce the load forecast provided to the capacity expansion 
model by the amount of economically achievable savings (determined in 
Step 5) before the model is used to “optimize” supply side resources

66
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The process and order are different when considering EE 
and DR as selectable resources in IRPs.

► Step 1 – Estimate technical potential on a per application basis (i.e., 
savings per unit)

► Step 2 – Estimate number of applicable units (account for physical limits, 
retirements, new construction, etc.)

► Step 3 – Estimate technical potential for all applicable units

► Step 4 – Estimate achievable potential for all realistically achievable units

► Step 5 – Estimate economic potential for all realistically achievable units 
by competing EE and DR against supply side resources in capacity 
expansion modeling*

*Any Energy Efficiency Resource Standard (EERS) requirements are 
typically modeled as “must build” resources. Only additional increments 
above EERS requirements compete against generating resources in 
capacity expansion modeling.
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Changes to long-term electricity planning 
may be needed to appropriately consider 
EE and DR

► Using EE or DR as a selectable resource 
requires a different process than using 
these resources as a decrement to the 
load forecast. 

► Allowing a capacity expansion model to 
select EE and DR resources permits 
optimization between all resources (e.g., 
supply and demand side). 

► Today, I will focus on changes that may be 
needed in load forecasting, resource 
potential assessments — including 
valuation of EE and DR, and capacity 
expansion modeling to select the optimal  
levels of EE and DR for resource 
portfolios. 

Load 
forecasting

Resource 
potential 

assessments

Capacity 
expansion 
modeling

Risk and 
uncertainty 

analysis
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Internal consistency between load forecasting 
and EE and DR assessments

► Whether a load decrement or direct competition approach is used, 
internal consistency between the load forecast and EE and DR potential 
assessments is necessary to avoid the potential for over or under
estimating remaining EE and DR potential.
 Baseline use and efficiency assumptions should be equivalent.
 “Units” (e.g., houses, commercial floor space, appliance counts) should be 

identical.
► Internal consistency is most readily achieved when end-use and 

statistically adjusted engineering (SAE) load forecasting models are 
used.
 When econometric load forecasting models are used, “calibration” between 

the load forecast and EE potential assessments is typically at the sector 
(i.e., residential, commercial) level.

 The typical method is translating measure-level EE savings (in kWh) derived 
from the potential assessment to percent improvements from a baseline and 
reducing the load forecast by these percentages.  

9
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Load forecasting considerations for direct competition 
method 

► Load forecast is not decremented with an assumed level of EE and DR
 Known codes and standards and “must-run” resources such as EERS 

requirements are included in the load forecast.
► Baseline load forecast used in capacity expansion/resource optimization model 

assumes “frozen efficiency” (i.e., no price-responsive improvements occur) —
only efficiency improvements from stock turnover and known codes and 
standards

► EE and DR costs should reflect all utility system impacts not accounted for in 
capacity expansion resource optimization process — for example:
 The capacity expansion model does not estimate the value of deferred 

transmission and distribution, therefore EE and DR levelized cost inputs for 
model should be “net” of deferred T&D.

 If non-energy benefits, such as the value of water savings, are to be included 
in EE valuation, the levelized cost input for the model should be “net” of the 
value of such benefits.
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Improvements for resource potential 
assessments

► The objective of EE and DR potential assessments is to 
provide accurate and reliable information on:
 Quantity of EE and DR available 
 Timing of availability (e.g., new construction, stock turnover)
 EE and DR measure cost 
 Load or savings shape 

► EE/DR resource potential assessment improvements: 
 Resource quantity is not constrained by assumed levels of required consumer 

cost-sharing (i.e., achievable potential is only assumed to be constrained by 
non-financial market barriers (e.g., product availability, delivery infrastructure 
limits, split-incentives for renters versus owners).

 Data is available to represent the quantity of EE and DR that can be reliably 
obtained at a range of costs, in the form of measures or groups of measures 
with similar characteristics (e.g., load shapes, levelized cost, and deployment 
constraints). 
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What is an efficiency supply curve? 

► EE potential is comprised of 
hundreds of measures.

► IRP models cannot simulate 
individual efficiency 
measures, so they are 
grouped together.

► Supply curves for EE (and 
other DERs) are usually 
represented as the amount of 
resource potential available 
in discrete “bundles” or 
“bins.”

► The next slides discuss some
data inputs used to develop 
supply curves, but there is 
much more information 
available in our report. 

Source: NWPC Draft 8th Plan 

Methods to Incorporate Energy Efficiency 
in Electricity System Planning and Markets

https://www.nwcouncil.org/2021powerplan_conservationpotential
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California EE bundling approaches 

Source: Navigant

https://pda.energydataweb.com/api/downloads/2083/Navigant%20IRP%20Technical%20Analysis%20Report-FINAL(clean).pdf
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Georgia Power EE bundling approaches 

Source: Georgia Power

https://psc.ga.gov/search/facts-document/?documentId=185485
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Indiana utilities EE bundling approaches 

NIPSCO 2018

IPL/AES  2019

Vectren 2019
Duke 2020

“Bundles segmented by time periods:
• 2021-2023 representing the current portfolio plus 

potential study and low income
• 2024-2026 to align with next portfolio (all Residential 

and Non-Residential except Low Income)
• 2027-2034 (8 years)
• 2035-2042 (8 years)
Bundle levelized cost per MWh calculated using cots and 
energy savings impact for the full life of each measures.”

https://www.in.gov/iurc/files/2018-NIPSCO-IRP.pdf
https://www.in.gov/iurc/files/2019-IPL-IRP-Public-Volume-1_121619.pdf
https://www.in.gov/iurc/files/2019-2020-Vectren-IRP-Volume-1-of-2.pdf
https://www.in.gov/iurc/files/IURC-CTIC-DEI-EE-Bundles-07152021.pdf
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I&M 2018-2019 IRP EE bundles
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https://www.in.gov/iurc/energy-division/electricity-industry/integrated-resource-plans/
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Xcel 2019-2020 IRP EE and DR bundles

► Xcel created three EE and DR bundles 
► Efficiency 

◼ Developed by Xcel based on optimal demand reduction 
◼ Program and Maximum are based on the EE potential study

► Demand response
◼ Existing DR included in load forecast
◼ DR bundles sized based on “supply curve thresholds”
◼ First bundle forced into model because of Commission directive to 

procure 400 MW of DR

EE Bundle 
Name

2020 
MWh Price ($000)

Program 621 100,989

Optimal 43 12,598

Maximum 231 148,331

DR Bundle 
#

2020 – 2034 
MW Price ($000)

1 270-542 14,380 – 38,224

2 107-242 7,659 – 22,911

3 89 – 112 11,311 – 18,984
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TVA EE, DR and beneficial electrification 
(BE) tiers
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Tennessee Valley Authority (TVA) 2019 IRP 

https://tva-azr-eastus-cdn-ep-tvawcm-prd.azureedge.net/cdn-tvawcma/docs/default-source/default-document-library/site-content/environment/environmental-stewardship/irp/2019-documents/tva-2019-integrated-resource-plan-volume-i-final-resource-plan.pdf?sfvrsn=44251e0a_4
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Northwest Power and Conservation Council DR supply 
curve

Source: NWPCC

Bin 2
Bin 1

Bin 4

Bin Construction Costs 
($/kW-yr)

Fixed O&M 
Costs ($/kW-yr)

Variable O&M 
($/kW-yr)

Total Levelized 
Cost ($/kW-yr)

Total Potential 
(MW)

Bin 1 4.08 (1.98) 150.00 2.13 1937

Bin 2 12.32 0.69 150.00 13.09 554

Bin 3 22.59 18.69 150.00 41.30 1571

Bin 4 66.80 28.90 150.00 95.87 295

Bin 3

https://www.nwcouncil.org/2021-power-plan-technical-information-and-data
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PacifiCorp EE bundling approaches 

PacifiCorp October 2020
PacifiCorp January 2021

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/PacifiCorp_2021_IRP_PIM_October_22_2020.pdf
https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/PacifiCorp%202021%20IRP_PIM_January%2029%202021.pdf
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Capacity expansion models

► Capacity expansion models test alternative resource mixes and development 
timing (e.g., resource strategies) against a range of future conditions (e.g., load 
growth, natural gas prices, emissions costs or limits, or both).

► These models identify the “least cost” resource strategy and may or may not
account for “risk.”

► Capacity expansion models do NOT determine:
◼ Acceptable level of “cost” 
◼ Acceptable level of “risk”
◼ Which resource strategy is “preferred”
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Considerations for using direct competition of EE and DR

► Capacity expansion 
models require decision 
rules that determine when 
a resource is acquired.
◼ Resources are always 

“developed” to meet 
reliability standards.

◼ Resources are 
considered for 
development if they 
meet specified 
economic conditions.

◼ The conditions that 
determine if EE or DR 
are selected should 
be comparable to 
generating resources.

2222

Tennessee Valley Authority (TVA) 2019 IRP 

https://tva-azr-eastus-cdn-ep-tvawcm-prd.azureedge.net/cdn-tvawcma/docs/default-source/default-document-library/site-content/environment/environmental-stewardship/irp/2019-documents/tva-2019-integrated-resource-plan-volume-i-final-resource-plan.pdf?sfvrsn=44251e0a_4
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Potential modifications to acquisition logic in capacity 
expansion planning models (1)

► Unlike supply side resources, EE and DR can be acquired across a 
wide range of costs (i.e., EE has a nearly continuous supply curve).

2323Source: PacifiCorp Conservation Potential Assessment 

PacifiCorp 2021 IRP efficiency supply curve

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/PacifiCorp_2021_IRP_PIM_October_22_2020.pdf
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Potential modifications to acquisition logic in capacity 
expansion planning models (2)

• Maximum Retrofit Pace 
Constraint

– Resource optimization 
models will “build” all 
retrofit EE and other DERs 
with a cost below the 
marginal dispatch cost of 
existing generating 
resources at first 
opportunity – unless 
constrained.

– Real-world infrastructure 
limits for maximum annual 
retrofit development 
constraints on the annual 
acquisition of retrofit EE 
and DERs must be set in 
the model. Limits may be 
grow through time or be 
fixed for 20 years (i.e., 
assumes delivery 
infrastructure never 
expands).
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PacifiCorp DR bundling results
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Idaho Power EE bundling results

Source: Idaho Power 2019 IRP 

https://docs.idahopower.com/pdfs/AboutUs/PlanningForFuture/irp/2019/SecondAmended2019IRP.pdf
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Ameren Missouri DSM bundling results 

Source: Ameren IRP

MAP = maximum 
achievable potential
RAP = realistic 
achievable potential 
DOPE = dynamically 
optimized portfolio 
efficiency

DSM includes EE, DR, 
combined heat and 
power and distributed 
generation.

https://www.ameren.com/-/media/missouri-site/files/environment/irp/2020/ch8-demand-side-resources.pdf?la=en-us-mo&hash=672DDBD28E1AD2765175E76B280CC32F284290B0
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Demand flexibility: Primary factors affecting 
the value of integrated DERs 

► Demand flexibility, for the residential and commercial sectors, is the 
capability of DERs to adjust building load profiles across different 
timescales. 

► There is no single economic value of demand flexibility for utility systems.
► The value of a single “unit” (e.g., kW, kWh) of grid service provided by 

demand flexibility is a function of: 
◼ the timing of the impact (temporal load profile),
◼ the location in the interconnected grid,
◼ the grid services provided,
◼ the expected service life (persistence) of the impact, and 
◼ the avoided cost of the least-expensive resource alternative providing 

comparable grid service.
► Demand flexibility valuation methods and practices should account for 

these variations. 
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Demand flexibility value = avoided cost

► The primary task required to determine the value of demand flexibility 
based on avoided cost is to identify the alternative (i.e., “avoided”) 
resource and establish its cost. 

► Methods used to establish avoided cost vary widely across the United 
States due to differences in:
◼ electricity market structure
◼ available resource options and their costs
◼ state energy policies and regulatory context

► Traditionally, the economic value of energy efficiency and demand 
response (and other DERs) has been determined using the “avoided cost” 
of conventional resources that provide the identical utility system service.

► The underlying economic principle of this approach is that the value of a 
resource can be estimated using the cost of acquiring the next least 
expensive alternative resource that provides comparable services (i.e., 
the avoided cost of that resource). 
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Primary valuation task

► The primary task 
required to determine 
the value of demand 
flexibility based on 
avoided cost is to 
identify the alternative 
(i.e., “avoided”) 
resource and establish 
its cost. 

*See “Market Structure Influences Value of Demand Flexibility,” “Resource Availability and Cost 
Vary Across U.S.,” and “State Energy Policies and Regulatory Context” in Extra Slides.
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Primary methods for valuing energy 
efficiency and other DERs*

► System capacity expansion and market models
◼ Most prevalent practice – Reducing the growth rate of energy and/or peak demand in 

load forecasts input into the model, then let it optimize the type, amount, and schedule 
of new conventional resources (generation, transmission or distribution)

◼ Less prevalent practice - Directly competing DERs with conventional resources in the 
model to determine DERs’ impact on existing system loads, load growth, and load 
shape—and thus dispatch of existing resources—and the type, amount, and timing of 
conventional resource development

► Competitive bidding processes/auctions: Use “market mechanisms” to select new 
DERs, currently limited to energy efficiency (EE) and demand response (DR)

► Proxy resources: Use the cost of a resource that provides grid services (e.g., a new 
natural gas-fired simple-cycle combustion turbine to provide peaking capacity) to 
establish the cost-effectiveness of DERs (i.e., determine the amount to develop) that 
provide these same grid services

► Administrative/public policy determinations: Use legislative or regulatory 
processes to establish development goals (e.g., Renewable Portfolio Standards and 
Energy Efficiency Resource Standards)

*Also used for utility-scale resource options analysis
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Some example of current gaps 
and limitations

 Not using accurate load shapes to determine time-varying value
 Not accounting for distribution and transmission system capacity impacts 
 Not accounting for variations in interactions between DERs
 Not accounting for variations in interactions between DERs and existing 

and future utility system resources
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Using inaccurate load shapes impacts 
evaluation of DERs as resource options —
both energy and peak impacts.
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Measure shape: Residential and Commercial End-Use 
Load Profiles
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Source: Elaina Present IEPEC

New load shapes available THIS MONTH
Register for the webinar here

https://www.nrel.gov/buildings/end-use-load-profiles.html
https://lbnl.zoom.us/webinar/register/WN_VuD66o-8QCOse5jieAD8pw.
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Treating EE and DR as selectable resources in a capacity 
expansion model permits optimization between these 
resources
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Interaction of Demand Response and Energy Efficiency Development

Acquire EE <= Short Run Market Price - EE MW
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Acquire EE <= Short Run Market Price - DR MW

Acquire EE up to Long Run Avoided Cost - DR MW

Source: Northwest Power and Conservation Council, 7th Power Plan

https://www.nwcouncil.org/reports/seventh-power-plan
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Treating EE and DR as selectable resource options in a capacity 
expansion model permits optimization across supply side and 
demand side resources
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Source: Northwest Power and Conservation Council, 7th Power Plan

https://www.nwcouncil.org/reports/seventh-power-plan
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Enhanced Valuation Methods: 
Seven Considerations

1. Account for all electric utility system economic impacts resulting from 
energy efficiency and other DERs

2. Account for variations in value based on when savings from energy 
efficiency and other DERs occurs

3. Account for the impact of distribution system savings on transmission and 
generation system value

4. Account for variations in value specific locations on the grid
5. Account for variations in value due to interactions between DERs 

providing demand flexibility
6. Account for benefits across the full expected useful lives (EULs) of the 

resources 
7. Account for variations in value due to interactions between DERs and 

other system resources
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Conclusions
► Modeling EE, DR and other DERs as selectable resources allows 

for consideration of relative cost and risk across the broadest array of 
potential solutions.

► Changes in long term electricity system planning may be needed to 
model EE, DR and other DERs as selectable resources.
◼ Remove EE from the load forecast, except for stock turnover, known codes 

and standards and efficiency procurement requirements.
◼ Use resource potential assessments to identify the technical achievable 

potential and inform development of EE, DR and other DER supply curves.
◼ Appropriately value DERs when developing supply curves for capacity 

expansion models.
◼ Create EE and DR bundles that have smaller cost ranges around the inflexion 

point for the electricity system cost. 
◼ Allow the capacity expansion model to compete all resources together to 

identify the timing and quantity of cost-effective DERs.
◼ Modify the capacity expansion acquisition logic to enable the development of 

demand side resources.  
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Questions states can ask

► How are utilities in your state modeling EE, DR and other DERs today?
► What state policy or regulatory changes are needed to facilitate 

consideration of EE, DR and other DERs as selectable resources in 
electricity planning? 

► What gaps can be filled to advance demand flexibility? 
◼ Can state programs (e.g., lead by example, energy-saving performance 

contracting) be modified to include demand flexibility? 
◼ Are utilities considering demand flexibility in their demand-side management 

portfolios? 
◼ How are utilities valuing demand flexibility? 
◼ What performance metrics are utilities using to measure demand flexibility?
◼ Are existing utility incentive programs sufficient to advance demand flexibility? 
◼ Do current rate designs encourage consumers to align their consumption with 

electricity grid needs? 
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NASEO-NARUC Grid-Interactive Efficient 
Buildings Working Group

► Supported by U.S. DOE Building Technologies Office 
► Inform states about GEB technologies and applications
► Identify opportunities and impediments
► Identify and express state priorities, concerns, interests
► Recognize temporal and locational value of EE and other DERs 
► Enhance energy system reliability, resilience, and affordability 

Inform state planning, policy, regulations, and programs

More information here. Additional states (public utility commissions and 
state energy offices) are welcome to join.

40

https://www.naseo.org/issues/buildings/naseo-naruc-geb-working-group
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Resources for more information

U.S. Department of Energy. 2021. A Roadmap for Grid-interactive Efficient Buildings. Prepared by Andrew 
Satchwell, Ryan Hledik, Mary Ann Piette, Aditya Khandekar, Jessica Granderson, Natalie Mims Frick, Ahmad 
Faruqui, Long Lam, Stephanie Ross, Jesse Cohen, Kitty Wang, Daniela Urigwe, Dan Delurey, Monica 
Neukomm and David Nemtzow

Natalie Mims Frick, Tom Eckman, Greg Leventis, and Alan Sanstad. Methods to Incorporate Energy Efficiency 
in Electricity System Planning and Markets. January 2021

State and Local Energy Efficiency Action Network. 2020. Determining Utility System Value of Demand 
Flexibility from Grid-Interactive Efficient Buildings. Prepared by: Tom Eckman, Lisa Schwartz, and Greg 
Leventis, Lawrence Berkeley National Laboratory. https://emp.lbl.gov/publications/determining-utility-system-
value

Natalie Mims Frick, Snuller Price, Lisa Schwartz, Nichole Hanus, and Ben Shapiro. Locational Value of 
Distributed Energy Resources

Natalie Mims Frick, Juan Pablo Carvallo and Lisa Schwartz. Quantifying reliability and resilience impacts of 
energy efficiency: Examples and opportunities (forthcoming)

Natalie Mims Frick, Juan Pablo Carvallo and Margaret Pigman. Time-sensitive Value of Efficiency Calculator
(forthcoming)

Berkeley Lab’s research on time- and locational-sensitive value of DERs

Fredrich Kahrl, Andrew D Mills, Luke Lavin, Nancy Ryan, Arne Olsen, and Lisa Schwartz (ed.). The Future of 
Electricity Resource Planning. 2016. Berkeley Lab’s Future Electric Utility Regulation report series.

Berkeley Lab and NREL’s End Use Load Profiles for the U.S. Building Stock project

https://gebroadmap.lbl.gov/
https://emp.lbl.gov/publications/methods-incorporate-energy-efficiency
https://emp.lbl.gov/publications/determining-utility-system-value
https://emp.lbl.gov/publications/locational-value-distributed-energy
https://emp.lbl.gov/publications/quantifying-reliability-and
https://emp.lbl.gov/publications/time-sensitive-value-efficiency
https://emp.lbl.gov/projects/time-value-efficiency
https://emp.lbl.gov/projects/feur/
https://emp.lbl.gov/publications/end-use-load-profiles-us-building-0
https://www.nrel.gov/buildings/end-use-load-profiles.html
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Natalie Mims Frick 

nfrick@lbl.gov

503-803-5047

https://emp.lbl.gov/

Follow us on Twitter @BerkeleyLabEMP
Sign up for our mailing list to stay up-to-date on our

publications, webinars and other events

Contact

https://emp.lbl.gov/
https://emp.lbl.gov/mailing-list
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Applicability of Enhanced Valuation Methods to Distribution, 
Generation, and Transmission Planning Analyses 
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Grid-interactive Efficient Buildings and Demand Flexibility

Grid-
interactive 
Efficient 
Building

An energy-efficient building that 
uses smart technologies and on-
site DERs to provide demand 
flexibility while co-optimizing for 
energy cost, grid services, and 
occupant needs and preferences 
in a continuous and integrated 
way

Demand 
Flexibility*

Capability of DERs 
to adjust a 
building’s load 
profile across 
different 
timescales

DERs – Resources sited close to customers that can provide all or some of their immediate 
power needs and/or can be used by the utility system to either reduce demand or provide 
supply to satisfy the energy, capacity, or ancillary service needs of the grid

Smart technologies for energy management - Advanced controls, sensors, models, and 
analytics used to manage DERs. Grid-interactive efficient buildings are characterized by 
their use of these technologies.

*Also called “energy flexibility” or “load flexibility”
Source: Neukomm et al. 2019. Grid-interactive Efficient Buildings Technical Report Series: Overview of 
Research Challenges and Gaps. Also see example building in Extra Slides. More information here. 

https://www1.eere.energy.gov/buildings/pdfs/75470.pdf
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings


October 20, 2021 46October 20, 2021 46

Demand-side Management Strategies to 
Manage Building Loads

► Energy efficiency: Ongoing reduction in energy use while providing the same or 
improved level of building function

► Demand flexibility:
◼ Load shed: Ability to reduce electricity use for a short time period and typically 

on short notice.
◼ Load shift: Ability to change the timing of electricity use. In some situations, a 

shift may lead to changing the amount of electricity that is consumed.
◼ Modulate: Ability to balance power supply/demand or reactive power 

draw/supply autonomously (within seconds to subseconds) in response to a 
signal from the grid operator during the dispatch period

◼ Generate: Ability to generate electricity for onsite consumption and even 
dispatch electricity to the grid in response to a signal from the grid

Source: Neukomm et al. 2019
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Gaps and Limitations of Current Methods: 
Restructured Markets

► Not all DERs are eligible to participate in markets.
► Not all utility system DER benefits are reflected in the bulk power system. 

Not captured:
◼ Locational value of avoided/deferred T&D capacity 
◼ Value of distribution system losses
◼ Value of resilience

► “Long-term” resource value is not recognized in some markets. 
◼ For example, PJM limits compensation for EE and DR to four years, 

regardless of measure life, assuming that the impact of these resources will 
be embedded in its econometric forecast after that period.
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Gaps and Limitations of Current Methods:  
Utilities in Vertically Integrated States

► Not all utilities (or state requirements) include all system benefits of DERs. 
◼ e.g., some include time-varying, locational, risk mitigation, and resilience value, while 

others do not

► Not all utilities (or state requirements) consistently quantify system benefits of DERs.
◼ e.g., some use marginal distribution system losses to “gross up” impacts to generation 

and transmission system, while others use average system losses, and the accuracy of 
load shape data (if used) varies widely

► Resource options analysis often fails to account for the potential interaction between DERs 
(e.g., impact of EE on DR potential, impact of storage on distributed generation).

► Typical resource optimization modeling embeds DER impacts in the load forecast, so it fails 
to capture potential DER interactions with existing and future resources.

► Commercially available capacity expansion models have limited capability to model DERs 
as resource options (except perhaps DR and battery storage).
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Summary of Valuation Enhancements and 
Implementation Guidance (1)

Valuation Enhancement Guidance
1. Account for all electric 
utility system economic 
impacts resulting from 
demand flexibility

Prioritize enhancements for analyses used to derive 
the value of primary utility system benefits. 

2. Account for variations 
in value based on when 
demand flexibility occurs

Develop and use hourly forecasts of avoided 
energy and capacity costs in combination with 
publicly available load shape data for DERs to 
value demand flexibility. 

3. Account for the impact 
of distribution system 
savings on transmission 
and generation system 
value 

Model and calculate distribution system-level 
impacts (i.e., locational impacts and associated 
economic value) first so that results can be used to 
adjust inputs to analysis of bulk transmission and 
generation system values.

Source: State and Local Energy Efficiency Action Network. 2020. Determining Utility System Value of Demand Flexibility from Grid-Interactive Efficient Buildings. 
Prepared by: Tom Eckman, Lisa Schwartz, and Greg Leventis, Lawrence Berkeley National Laboratory. 

https://emp.lbl.gov/publications/determining-utility-system-value
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Summary of Valuation Enhancements and 
Implementation Guidance (2)

Valuation Enhancement Guidance

4. Account for variations in 
value at specific locations 
on the grid

Initiate a distribution system planning process that 
includes: (1) hosting capacity analysis to estimate 
generating DER capacity limits and identifies demand 
flexibility that can mitigate limits, (2) thermal limit 
analysis to estimate locational value of non-wires 
solutions, (3) energy analysis to quantify marginal 
distribution system losses, and (4) systemwide analysis 
of the avoided cost of deferred distribution capacity 
expansion.

5. Account for variations in 
value due to interactions 
between DERs providing 
demand flexibility 

Start accounting for interactions between DERs. Basic 
analysis can assume that deployment of multiple types 
of DERs does not impact the existing or future electric 
grid in a way that alters avoided costs. Such basic 
analysis does not require the use of system capacity 
expansion models.
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Summary of Valuation Enhancements and 
Implementation Guidance (3)

Valuation Enhancement Guidance

6. Account for benefits 
across the full expected 
lives of the resources

As a first step, use the EUL of DERs providing demand flexibility to 
calculate their economic value. However, because demand 
flexibility is largely based on controls, the dispatch of which is 
determined by the combined impact of grid operators and 
owner/occupant responses, EULs may be more a function of rate 
and program design, compared to EULs for traditional energy 
efficiency measures. Uncertainty regarding EULs for demand 
flexibility may be best addressed through program design.

7. Account for variations 
in value due to 
interactions between 
DERs and other system 
resources 

Use distribution, transmission and generation capacity expansion 
modeling, supplemented as necessary with other methods 
described in section 4 of this report, to determine the impact of 
widespread deployment of demand flexibility for grid services. 
Implementing this enhancement will require customization of 
commercially available capacity expansion models. 
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Implementation Resources (1)

Valuation Enhancement` Implementation Resources
1. Account for all electric utility system 
economic impacts resulting from demand 
flexibility 

• National Efficiency Screening Project, National Standard Practice 
Manual

• EPRI, The Integrated Grid - A Benefit-Cost Framework
• EPA, Assessing the Multiple Benefits of Clean Energy – Resources for 

States (particularly Section 3.2.4)

2. Account for the time-sensitive economic 
value of demand flexibility 

• Berkeley Lab reports discuss data and methods required to capture 
temporal value of energy efficiency including Time-Varying Value of 
Electric Energy Efficiency and Time-Varying Value of Energy 
Efficiency in Michigan. More resources at 
https://emp.lbl.gov/projects/time-value-efficiency.

• Smart Electric Power Alliance, Beyond the Meter: Addressing the 
Locational Valuation Challenge for Distributed Energy Resources

3. Account for the impact of distribution 
system-level savings on transmission and 
generation system value 

• PNNL, Electric Distribution System Planning with DERs – Tools and 
Methods (forthcoming)

• Smart Electric Power Alliance, Beyond the Meter: Addressing the 
Locational Valuation Challenge for Distributed Energy Resources

Source: State and Local Energy Efficiency Action Network. 2020. Determining Utility System Value of Demand Flexibility from Grid-Interactive Efficient Buildings. 
Prepared by: Tom Eckman, Lisa Schwartz, and Greg Leventis, Lawrence Berkeley National Laboratory. 

https://nationalefficiencyscreening.org/
https://www.ftc.gov/system/files/documents/public_comments/2016/06/00151-128392.pdf
https://www.epa.gov/statelocalenergy/quantifying-multiple-benefits-energy-efficiency-and-renewable-energy-full-report
https://emp.lbl.gov/publications/time-varying-value-electric-energy/
http://eta-publications.lbl.gov/sites/default/files/lbnl_tve_michigan_20180402_final.pdf
https://emp.lbl.gov/projects/time-value-efficiency
https://sepapower.org/resource/beyond-the-meter-addressing-the-locational-valuation-challenge-for-distributed-energy-resources/
https://sepapower.org/resource/beyond-the-meter-addressing-the-locational-valuation-challenge-for-distributed-energy-resources/
https://emp.lbl.gov/publications/determining-utility-system-value
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Implementation Resources (2)

Valuation Enhancement Implementation Resources
4. Account for the locational economic 
value of demand flexibility 

• Smart Electric Power Alliance, Beyond the Meter: Addressing the 
Locational Valuation Challenge for Distributed Energy Resources

• Benefit-Cost Analysis Handbook developed for New York’s REV process
• California’s Locational Net Benefits Analysis Tool (and user’s guide)
• ConEd’s Benefit Cost Analysis Handbook recognizes DER benefits for 

avoided distribution capacity infrastructure and provides methods to 
quantify location-specific marginal costs that the system defers or avoids 
by opting for non-wires solutions.

5. Account for interactions between DERs 
providing demand flexibility 

• Frick et al., Berkeley Lab, A Framework for Integrated Analysis of 
Distributed Energy Resources: Guide for States

EPRI, The Integrated Grid - A Benefit-Cost Framework

6. Account for potential variations in the 
timing and/or amount of the electric grid 
service provided by demand flexibility over 
the expected lives of the DERs

• EPRI, The Integrated Grid - A Benefit-Cost Framework

7. Account for interactions between DERs 
providing demand flexibility and existing 
and potential conventional grid resources 
supplying comparable services 

• Berkeley Lab, A Framework for Integrated Analysis of Distributed Energy 
Resources: Guide for States

• EPRI, The Integrated Grid - A Benefit-Cost Framework
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https://sepapower.org/resource/beyond-the-meter-addressing-the-locational-valuation-challenge-for-distributed-energy-resources/
http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7bF0CC59D0-4E2F-4440-8E14-1DC07566BB94%7d
https://urldefense.proofpoint.com/v2/url?u=https-3A__e3.sharefile.com_d-2Dsf3b5f091144489ca&d=DwMFAg&c=zJTPELHN9m06lkJo8AwFVluD1VXOIffYvkz692hAL2E&r=-6CcyYTlX0eolYvG7O8ZJlX26Qf7QDC_oj4QUqEM5Jc&m=4yQ1TQJkJN8-cvfKd7IBWkIfFMXASGyYnpBNXfr5iYE&s=XEuFqZwujlPDZKNAaySXhRCGHahl6hjY83UIXTOaSks&e=
https://www.coned.com/-/media/files/coned/documents/our-energy-future/our-energy-projects/coned-bcah.pdf?la=en
http://eta-publications.lbl.gov/sites/default/files/lbnl_integrated_der_report_20181127.pdf
https://www.ftc.gov/system/files/documents/public_comments/2016/06/00151-128392.pdf
https://www.ftc.gov/system/files/documents/public_comments/2016/06/00151-128392.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl_integrated_der_report_20181127.pdf
https://www.ftc.gov/system/files/documents/public_comments/2016/06/00151-128392.pdf
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