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Disclaimer

This presentation was prepared as an account of work sponsored by the United States Government. While this presentation is believed to
contain correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor
any of their employees, makes any warranty, express or implied, or assumes any legal responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof, or The
Regents of the University of California. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof, or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.

Copyright Notice

This presentation has been authored by an author at Lawrence Berkeley National Laboratory under Contract No. DE-AC02-05CH11231 with the
U.S. Department of Energy. The U.S. Government retains, and the publisher, by accepting the article for publication, acknowledges, that the
U.S. Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this
manuscript, or allow others to do so, for U.S. Government purposes.
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Introduction
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0 The State and Local Energy Efficiency (SEE) Action Network
offers resources, discussion forums, and technical assistance
to state and local decision makers as they provide low-cost,
reliable energy to their communities through energy
efficiency.

-1 SEE Action reports on Grid-interactive Efficient Buildings

o Introduction for State and Local Governments: Describes grid-interactive efficient
buildings in the context of state and local government interests and outlines actions that
state and local governments can take to advance demand flexibility.

o Determining Utility System Value of Demand Flexibility from Grid-Interactive Efficient
Buildings: Describes how current methods and practices that establish value to the
electric utility system of investments in energy efficiency and other distributed energy
resources (DERs) can be enhanced to determine the value of grid services provided by
demand flexibility — focus of this webinar

o Performance Assessments of Demand Flexibility from Grid-Interactive Efficient
Buildings: Issues and Considerations: Summarizes current practices and opportunities to
encourage robust and cost-effective assessments of demand flexibility performance and
improve planning and implementation based on verified performance

Thanks to SEE Action Network Executive Group members who
{ provided feedback on draft materials for these reports.
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https://www4.eere.energy.gov/seeaction/
https://emp.lbl.gov/publications/grid-interactive-efficient-buildings
https://emp.lbl.gov/publications/determining-utility-system-value
https://emp.lbl.gov/publications/performance-assessments-demand

Grid-interactive Efficient Buildings and Demand Flexibility
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https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings

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

O Load shed: Ability to reduce electricity use for a short time period and typically on
short notice.

O 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.

O 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

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

I
Efficiency Net Load Efficiency + Generate Efficiency + Generate +

- - Net Load Shed/Shift Net Load
: § g

] : .

a] al a]

b g - 5

z z =~ 7 E \/\_/_\
g g ‘\ / ¢ g

N~ /
Hour of the Day Hour of the Day Hour of the Day
— s Baselne === Efficiency = w w SglwrPY oo Geneydle e SheddShift

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION Source: Neukomm et al. 2019



Presenter
Presentation Notes
Shedding is typically dispatched during peak demand periods and during emergencies. 

Load shift in the context of GEBs focuses on intentional, planned shifting for reasons such as minimizing demand during peak periods, taking advantage of the cheapest electricity prices, or reducing the need for renewable curtailment. For some technologies, there are times when a load shed can lead to some level of load shifting.

Generate: Batteries are often included in this discussion, as they improve the process of dispatching such generated power. 



https://www1.eere.energy.gov/buildings/pdfs/75470.pdf

Report on Demand Flexibility Valuation

Focuses on methods and practices for
determining the economic value of demand
flexibility to electric utility systems

o This value provides the basic information
needed to design programs, market rules, and
rates that align the economic interest of utility
customers with building owners and occupants.

o Jurisdictions can use utility system benefits and m
costs as the foundation of their economic V)
analysis, but align their primary cost-
effectiveness metric with all applicable policy
objectives, which may include non-utility system
impacts.

Provides guidance to state and local policy
makers, public utility commissions, state

Determining Utility System Value of Demand
Flexibility from Grid-Interactive Efficient Buildings

April 2020

STATE & LOCAL ENERGY EFFICIENCY ACTION NETWORK

The Siaie and Local Energy EfMclency Action Network Is a

energy offices, utilities, state utility consumer o S e o
representatives, and other stakeholders on Ry e e o
how to improve consistency and robustness of
economic valuation of demand flexibility to Prepared by Tom Eckman, Lisa Schwartz and
electric utility systems Greg Leventis, Berkeley Lab

https://emp.lbl.gov/publications/dete

rmining-utility-system-value
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https://emp.lbl.gov/publications/determining-utility-system-value

Scope of Valuation = Electric Utility System
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Grid-interactive efficient buildings with demand flexibility can provide grid services that:
* reduce generation costs, and/or
* reduce delivery (transmission and distribution) costs

A Graphic: EPRI. 2015. The Integrated Grid: A Benefit-Cost Framework H ’\l
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generation costs reductions
offsetting generation capacity investments
avoiding power plant fuel costs and O&M costs, or
providing ancillary services such as frequency and voltage support and regulation and contingency reserves at lower cost
	delivery cost reductions
offsetting transmission and distribution (T&D) capacity investments
increasing T&D equipment life and reducing equipment maintenance, or 
supporting T&D ancillary services such as distribution-level voltage control at a lower cost


https://www.epri.com/#/pages/product/3002004878/?lang=en-US
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Demand Flexibility’s Value to Grid Depends on Controls

The list of DERs for which
economic value of demand
flexibility needs to be
established is limited to those
that rely on controls.

Mr. McGuire: | want to say
one word to you. Just one
word.

Benjamin: Yes, sir.

Mr. McGuire: Are you
listening?

Benjamin: Yes, | am.
Mr. McGuirM
N

Controls
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Presentation Notes
Because demand flexibility is dispatched in response to a signal (e.g., manual or automatic communication or price) from a utility or regional grid operator, the list of DERs for which economic values need to be established is limited to those that rely on controls.



Planning Challenges (1)

- O Declining costs and increasing levels of storage
Limited and other DERs provide opportunities for
analytical utilities to incorporate demand flexibility into
capacity grid planning, operations, and investment
decisions alongside other options for meeting
electricity system needs.

o To do so, utilities need to be able to evaluate
multiple resource portfolio options in an
organized, holistic, and technology-neutral
manner and normalize solution evaluation
across generation, distribution, and
transmission systems.

10



Planning Challenges (2)

Lack of parity
In cost-
effectiveness
analysis in
planning

O For most utilities, economic valuation of DERs
as utility system resources generally is not
equivalent to such valuation for utility-scale
generation resources and traditional
transmission and distribution system
solutions.

o This lack of parity in cost-effectiveness analysis
limits the selection of demand flexibility for
achieving state energy goals including
reliability, resilience, security, and
affordability.

11
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Current Methods and Gaps for
Resource Options Analysis
and Valuation
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Value = Avoided Cost

Traditionally, the economic value of energy efficiency,
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).

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



Primary Valuation Task

o 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.

1 Methods used to establish avoided cost vary widely across
the United States due to differences in:*

o electricity market structure
O available resource options and their costs
O state energy policies and regulatory context

*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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Presentation Notes
State policies directly or indirectly influence which of the utility system benefits of DERs to include in determinations of their economic value. For example, wind resource development to satisfy a state RPS might lower the avoided cost of energy (kWh), but have little impact on the avoided cost of new peaking capacity (kW), which depends on both the existing capacity mix and load characteristics in a region. In contrast, utility development of energy efficiency to satisfy a state’s energy efficiency resource standard might reduce the near-term need for new generation or transmission peaking capacity. Because load must be continuously balanced, dispatchable generating units with the capability to vary output to follow demand (including dispatchable demand flexibility technologies) generally have more value to a system than less flexible units (non-dispatchable technologies), such as wind plants and DERs that are not equipped with such controls. 
SEE Action Network. 2015. State Approaches to Demand Reduction Induced Price Effects: Examining How Energy Efficiency Can Lower Prices for All.





The Resource Options Analysis Problem

1 Don’t have too GO'd“OCkS
many resources Grcliihe

1 Don’t have too Three Bears
few resources G e TN

(L

"'-‘ -{ ._" 1 = ¥

. ..‘n ’II'; ‘

-1 Have “just the
right amount” of
resources™

*The “right amount” means not only the quantity developed, but the timing of their
development and the mix (type) of resources required to provide energy, capacity,
flexibility, and other ancillary services for system reliability, including risk management

and resilience.




Solving the “Goldilocks’ Problem” Requires Analysis
Comparing Cost and Risk of Alternative Resource Options
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Primary Methods of Resource Options Analysis for DERs

System capacity expansion and market models*

O 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)

O 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

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION
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Presentation Notes
System capacity expansion and market models
Most prevalent method assumes an a priori avoided cost to establish cost-effectiveness level and hence quantity of DERs used to reduce load forecast. That is, it assumes that the DERs deployment will not materially impact the dispatch of existing resources or the type, timing and schedule of development of new resources. The less prevalent method does not assume a priori that the deployment of DERs will or will not impact load growth and load shape sufficiently to alter the dispatch of existing resources and/or the type, amount and timing of conventional resource development, hence alter avoided cost. 
Competitive bidding processes/auctions -  Primarily used in organized markets, but also used by some vertically integrated utilities. 
Proxy resources: This method explicitly assumes that were it not for the investment in DERs, the proxy resource would be developed.
Administrative/public policy determinations: Jurisdictions may decide a preferred policy direction by determining administratively the type, amount and timing of new resource development. While there may be some analytical basis for the values selected, the approach relies on state regulatory or legislative action to establish these levels.


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:

O Locational value of avoided/deferred T&D capacity

o Value of distribution system losses

O Value of resilience

“Long-term” resource value is not recognized in some
markets.

o For example, PJIM 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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B Gaps and Limitations of Current Methods:
Utilities in Vertically Integrated States

Not all utilities (or state requirements) include all system benefits of
DERs.

o 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.

O 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).

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION
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Presentation Notes
Note – Most of these limitations also apply in restructured markets. However they have less direct implications for generating and transmission resource development than in vertically integrated (non-restructured) states.


Example Gaps and Limitations

Not accounting for all substantial utility system impacts

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

Failing to quantify risk mitigation and resilience value of
DERs
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Presentation Notes
These examples are intended to illustrate limitations and gaps in current resource options analysis specifically as it relates to valuation of these resources. There are also other limitations and gaps (e.g., transparency of analysis and assumptions) of utility planning/IRP methods and processes less directly related to resource option evaluation.


Not all states require utilities to account for all
electricity system benefits of DERs,

State

Value Category Value Stream AZ AK CA CO HI ME MD MA MI MN MS MT NC NJ NY NV PA SC TN TX UT VT
Avoided Energy

Avoided Fuel Hedge

Avoided Capacity & Reserves
Avoided Ancillary Services

Generation

Avoided Renewable Procurement

Market Price Reduction

Avoided or Deferred Transmission Investment
Transmission Avoided Transmission Losses

Avoided Transmission 0&M

Avoided or Deferred Distribution Investment

Avoided Distribution Losses

Distribution Avoided Distribution O&M
Avoided or Net Avoided Reliability Costs
Avioded or Net Avoided Resiliency Costs
Monetized Environmental/Health | | | | |
Social Environmental ‘ ‘

Environmental/Society ’— | — —

Security Enhancement/Risk

Societal (Economy/Jobs) | ‘

Locational value of DER studies from states, utilities, consultancies, and stakeholders

Source: Adapted by Natalie Mims Frick from Shenot et al. 2019 and DOE 2018.
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https://www.raponline.org/wp-content/uploads/2019/08/rap_shenot_linvill_dupuy_combinations_pv_other_ders_2019_august.pdf
https://static1.squarespace.com/static/5b736be575f9eeb993c4d5f1/t/5b8f4055032be49d0ccfd2bf/1536114780361/ICF+DOE+Utility+IDP+FINAL+July+2018+(003).pdf

@Not accounting for all substantial utility system impacts
undervalues demand flexibility.

Resource Value (20165/MWHh)

Utility System Value of Residential Air Conditioning Efficiency Savings

S400 o )
Distribution
$350 ..
Transmission
$300 . .
Generating Capacity
$250
= DRIPE
$200
m Avoided RPS
S150
M Carbon Dioxide Emissions
$100
m Risk
S50 - —
M Reserves/Ancillary Services
SO - "
Northwest California  Massachusetts Georgia W Energy

* In Georgia, where publicly available data did not include avoided transmission and distribution system values, the time-varying
value of efficiency appears much lower for all measures evaluated. Avoided transmission and distribution costs are included in
Georgia Power’s energy efficiency evaluations, but are not a part of the publicly available PURPA avoided cost filing.
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Presentation Notes
Even accounting for the fact that GP states that they include the benefits of T&D deferral in their own cost-effectiveness evaluation, this chart shows that they also do not include values for risk mitigation value, reserves, or CO2 emissions.


Using inaccurate load shapes impacts evaluation of DERs as resource
options — both energy and peak impacts.
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When inaccurate load shapes are used they misrepresent both the peak (kW) and energy (kWh) impacts of DERs. This impacts the determination of their locational value, their generation capacity value and their transmission capacity value.

DSMore (Demand Side Management Option Risk Evaluator) is a commercially available software tool that is used to evaluate the cost-effectiveness of energy efficiency and demand response programs. Users can use the default data for load shapes or input their own end use load shape data. See Integral Analytics Inc. (http://www.integralanalytics.com/products-and-services/dsm-planning-and-evaluation/dsmore.aspx)



Failing to analyze the potential interactions between DERs
may result in selection of higher cost resource strategies.
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Interaction of Demand Response and Energy Efficiency

Development

e Acquire EE <= Short Run Market Price - EE MW
e Acquire EE up to Long Run Avoided Cost - EE MW
e «= Acquire EE <= Short Run Market Price - DR MW
e «» Acquire EE up to Long Run Avoided Cost - DR MW

2016

2031

2034

2019 2022 2025 2028

Source: Northwest Power and Conservation Council, 7t" Power Plan

24



https://www.nwcouncil.org/reports/seventh-power-plan

Failing to analyze the potential interaction between DERs and the existing and
future utility system may result in less than optimal resource strategies.

Impact on Amount and Timing of CCCT Development of
Alternative Levels of DER Development

8’000 e/ cquire EE<= No Demand Response, Acquire EE @ <= Long Run Avoided
Cost
7,000 - Acquire EE @ <= Short Run Market Price w/Demand Response

6,000 - e==Acquire EE @ <= Long Run Avoided Cost w/Demand Response -

,000

5
=,000
=
S

2016 2019 2022 2025 2028 2031 2034

Cumulative CCCT Peak Capacity Developed

Source: Northwest Power and Conservation Council, 7th Power Plan )5



Most capacity expansion models are not designed to conduct risk analysis.

Market equilibrium models
generally optimize capacity

expansion for a single future. |'M SORRY,

o They assume control of not only

all “known knowns,” but also DAVE.

the “known unknowns” and the I'M AERAID |

“unknown unknowns.” CANIT

Sensitivity studies are often
used to inform risk analysis, DO THAT
but only compare
optimizations created for
single futures.

These models systematically
understate risk, and
therefore the value of risk
mitigation and resilience.




Treating DERs as Resource Options in
Capacity Expansion Modeling

1 Most commercially available capacity
expansion models can model DERs as
resource options.

It can be
done, but
It IS non-
trivial.

1 These models require users to define the
specific resource characteristics such as
cost, quantity, lead times, and load shapes.

1 Modeling of DERs as resource options
requires many user-defined inputs, an
experienced modeler, potentially multiple
model runs, and post-processing of model
output.

27
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Ways to Improve Valuation of
Demand Flexibility That Enhance
Its Consideration in Resource
Options Analysis and
Decision-making

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



Primary Factors Impacting Value of Demand Flexibility

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:
o the timing of the impact (temporal load profile),

o the location in the interconnected grid,

o the grid services provided,

O the expected service life (persistence) of the impact, and

O the avoided cost of the least-expensive resource alternative
providing comparable grid service.

Demand flexibility valuation methods and practices
should account for these variations.




'S
Enhanced Valuation Methods - Seven Considerations*

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

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

*See summary implementation guidance and resources in Extra Slides.
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Presentation Notes
Account for all electric utility system economic impacts resulting from demand flexibility . For utility system valuation purposes, demand flexibility should be treated on a par with supply-side options so that all grid impacts, costs, and benefits to the utility system can be quantified and monetized. This requires that its economic value reflect its impacts across all asset types (generation, T&D), including the value of risk reduction and improved reliability and resilience.�
Account for variations in value based on when demand flexibility occurs. The impact of demand flexibility must be addressed on a more granular time scale because economic value of grid services provided by demand flexibility varies from sub-hourly to daily, monthly, and seasonally as well as across future years. The value of DERs that can adjust load is fundamentally dependent on the timing of their impacts.
 
Account for the impact of distribution system savings on transmission and generation system value. Demand flexibility that avoids distribution system losses when they are highest also results in reduced transmission system losses and generator capacity needs (including planning reserve margins). Distribution system-level impacts (locational impacts and their associated economic value) should be modeled and calculated first so the results can be used to adjust inputs to analysis of bulk transmission and generation system values.
 
Account for variations in value at specific locations on the grid. The economic value of demand flexibility that can provide grid services is highly dependent on where these impacts occur on T&D systems. Particular attention must be given to this issue in regions with centrally-organized wholesale electricity markets, where market prices for capacity do not reflect distribution system locational benefits. 
 
Account for variations in value due to interactions between DERs providing demand flexibility. Higher levels of DERs increase the need to address interactions of DERs with one another and with the electric grid. DERs providing demand flexibility can interact with one another in material ways. It is unlikely that their collective and cumulative impacts are simply additive. Moreover, widespread deployment of demand flexibility for grid services will change grid operations and infrastructure development, altering avoided resource costs. These interactions will need to be accounted for to align impacts, such as amount, timing and expected useful lives (EULs), estimated during planning for valuation and cost-effectiveness screening with those obtained through ex post assessments that estimate actual impacts.
 
Account for benefits across the full expected useful lives (EULs) of the resources. This enhancement addresses potential variation in measure/resource impacts of DERs for demand flexibility over their lifetimes when they provide grid services. First, their “dispatch,” while controlled by a grid operator, also will be dictated by the response of building owners and occupants. Second, by design, the technology they employ may adjust impacts through time (e.g., learning thermostats and similar Artificial Intelligence learning controls). This implies that demand flexibility that defers or avoids capital expenditures, ongoing fuel costs, or O&M costs throughout their EULs need to be valued differently than resources that only reduce near-term fuel costs or O&M costs. The same rule applies to demand flexibility that is forecast to have variable and uncertain impacts through time.
 
Account for variations in value due to interactions between DERs and other system resources. The potential impact of demand flexibility on the dispatch of existing resources and the amount, type, and schedule of future development of conventional generation and T&D need to be accounted for in system expansion models or market price forecasts used to estimate avoided costs.  This enhancement is needed to accurately estimate the long-run economic value of these resources. Implementation of this enhancement will likely require the most significant changes in methods used to value DERs for demand flexibility. Integrated analysis that accounts for interactive impacts between all types of resources requires that system expansion models used to estimate avoided costs include all resources that provide demand flexibility as resource options so the model can select them for development. Given data requirements and limitations of existing system expansion models, this enhancement is nascent. The report provides guidance on how such modeling might be accomplished. 


Account for all electric utility system economic impacts
resulting from demand flexibility.
The goal is to treat demand flexibility on a par with
supply-side options so that all grid impacts, costs, and
benefits to the utility system can be quantified and
monetized.

The objective of this enhancement is to include all
substantive and reasonably quantifiable generation and
T&D system impacts.
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4 Not all utility system benefits provided by demand flexibility
are of equal value,

T&D Capacity

Resilience
Reserves

Ancillary Services
Losses

Generating Capacity
Energy Risk

DRIPE
RPS Compliance

Reliability

Environmental Compliance

lSo, start with the “Big Ones”



Presenter
Presentation Notes
Examples of primary electricity system benefits:
Avoided hourly and sub-hourly costs of electricity generation or wholesale electricity purchases
Deferred or avoided costs of power plant capacity
Avoided T&D energy losses 
Deferred or avoided costs for T&D capacity�
Examples of secondary electricity system benefits:
Avoided ancillary services costs
Reduced wholesale market clearing prices
Increased reliability and power quality
Avoided risks associated with long lead-time investments
Reduced environmental cost risk from deferring investment in traditional resources 
Improved fuel diversity and energy security�


Account for variations in value based on when
demand flexibility occurs,
The value of DERs that can adjust load is fundamentally
dependent on the timing of their impacts.

The impact of demand flexibility must be addressed on a

more granular time scale.
o The economic value of grid services that demand flexibility
provides varies from sub-hourly to daily, monthly, and

seasonally as well as across future years and across utility
systems.

See “Example: Time-Sensitive Value of Energy Efficiency Measures” in Extra Slides.
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®)

Account for the impact of distribution system savings on

transmission and generation system value,

- Demand flexibility can be used to o Locational impacts on the
avoid distribution system losses distribution system and their
when they are highest, resulting associated economic value should
in reduced transmission system be modeled and calculated first.
losses and avoided generator Results can be used to adjust
capacity needs (including the inputs to the analysis of
planning reserve margin). transmission and generation

system values.

Ohm’s Law:

Volts = | (Amps) x (R)esistance (Ohms)
Power Law:

Watts = Volts x Amps

Therefore:

Watts = Amps x Ohms x Ohms or (I?R)

- nl A
i rf’[}l “"|
W
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Value streams have ripple effects.

If you avoid X distribution losses

Then you avoid Y transmission Locational Value of DERs
losses associated with X

Energy

Value of Solar/Distributé Capacity

A generator avoids Energy Ancillary Services
prOdUC|ng X+Y - Capacity

Capacity Expansion

Ancillary Services _ Planned
Distribution

AssetReplacement

Energy : : p Upgrade :
‘ ﬁ Grid Services Replacement |m§:.',',i?,.t.’r.s
Capacity R
- T&D Losses Power Quality
. Improvement

Ancillary Services

Risk Hedge == Grid and Distribution Services

.
[l Revenue Generating Value = IM: Location-Based T&D Losses

B cost Mitigation Value Environmental Benefits

Risk Hedge

Possibly less capacity Possibly even less capacity due
is needed to serve X+Y to reserve planning margin

Economic Development

Soft Benefits

Ben Kellison, “Unlocking the Locational Value of DER 2016: Technology Strategies, Opportunities, and Markets,” January 2016,

Calculate the localized impacts first

l i See “Three Enhancements to Distribution System Planning” in Extra Slides.
-bN ‘F:ar s
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Account for variations in value at specific grid locations.

The locational value of demand flexibility is highly
dependent on where grid services resulting from
demand flexibility occur on the interconnected grid (i.e.,
T&D systems).

Particular attention must be given to this issue in regions

with centrally-organized organized wholesale markets,

where prices for capacity do not reflect distribution

system locational benefits.

o Using only wholesale energy or capacity market prices to
represent the value of demand flexibility undervalues it. These

methods do not account for other utility system benefits,
particularly those that rely on locational value.

See “Locational value of demand flexibility may account for significant economic value” and “Account
for variations in value due to interactions between DERs providing demand flexibility” in Extra Slides.
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Account for variations in value due to interactions between

DER ding d  flexibili

Analysis should first capture major interactions between

pairs of DERs

O Interactions can be estimated assuming that deployment of
DERs does not impact the existing or future electric grid
sufficiently to alter avoided cost.

Higher levels of DERs increases the need to address

interactions of DERs with one another and with the

electric grid. It is unlikely that their collective and

cumulative impacts are simply additive, and they may

alter avoided cost.

o Widespread deployment of demand flexibility for grid services
will change grid operations and infrastructure development,

altering avoided resource costs.
BERI:ELEY LAB
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Account for benefits across full expected useful resources lives.

Expected useful lives (EULs), determined independently
of policy or program decisions regarding the length of
time compensation is offered for the grid services they
provide, should be used in calculating the economic
value of DERs providing demand flexibility.

Demand flexibility that defers or avoids capital
expenditures, ongoing fuel costs, or O&M costs
throughout their EULs need to be valued (and perhaps
compensated) differently than resources that only
reduce near-term fuel costs or O&M costs, as well as
demand flexibility that is forecast to have variable and
uncertain impacts through time.
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Program Implications

Some DERs with demand flexibility will likely exhibit
variation in measure/resource grid impacts over their

lifetimes because:

o their “dispatch,” while controlled by a grid operator, also will be
dictated by the response of building owners and occupants, or

o by design, the technology they employ is intended to adjust
impacts through time (e.g., learning thermostats and similar

Artificial Intelligence learning controls)
Uncertainty regarding EULs for demand flexibility may be
best addressed through program designs that rely more
on “pay for performance” mechanisms rather than one-

time, upfront payments.



Presenter
Presentation Notes
Fortunately, since DERs providing demand flexibility must inherently be under control, their actual impacts should be much easier to validate than historical energy efficiency programs. Verification of impacts of these resources in near real time will be possible because actual responses to dispatch signals (e.g., price, electronic, time clocks) can be tracked or directly measured via sensors and metering. This enhanced ability to verify impacts, coupled with greater uncertainty surrounding the accuracy of planning estimates for savings, may lead to program designs that rely more on “pay for performance” mechanisms rather than one-time, upfront payments.



Account for variations in value due to interactions between
— DERsandothersystemresources,

System expansion models used to estimate avoided

costs should include all resources so the model can

select them for development when determining impact

of widespread deployment of demand flexibility.

Significant scale is typically necessary to alter the
dispatch of existing resources and/or the type, timing,
and amount of conventional generating resources
sufficiently to materially affect avoided costs.

N
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& Applicability of Enhanced Valuation Methods to Distribution,

L] L] e e
Distribution System Planning Generation Planning Transmission Planning
Hosting Capacity Energy Analysis Thermal Capacity Market-Based Capacity Congestion
(for distributed (loss estimation) Capacity Expansion Mechanisms Expansion Pricing
generation (peak Modeling Modeling Analysis
capacit capacit
Enhanced valuation methods to account for: pacity) pacity)
1. Allelectric utility system economic impacts ® ® ® ® ® ® ®
resulting from demand flexibility
2. Variations in value based on when demand ® ® ® ® ® ® ®
flexibility occurs
3. Impact of distribution system savingson n o € ) € ) g ) D D
transmission and generation systemvalue
4. Variations in value at specific locations on the grid o Y ™ L) L) o )
5. Variations in value due to interactions between . ; - )
. o [ 9 o 9 9 9 9
DERs providing demand flexibility
6. Benefits across the full expected useful lives of the > D ® g D ® ®
resources ' ' '
7. Variations in value due to interactions between d D o o o Y o

DERs and other system resources

e most applicable, ® least applicable
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Presentation Notes
Timing of distribution peaks may differ from G&T peaks, which reflect aggregated distribution systems loads. Different load shape data may be required.
Distribution system loss data is an input into G&T planning and analysis. 
The locational value of deferred capacity should be derived for both distribution and transmission systems.
Accurate representation of the net impacts of interactions between DERs providing demand flexibility primarily affects distribution system hosting and peak capacity analysis.
Persistence is of greater importance when planning assets have long lead times, or that have construction schedules that cannot be delayed or accelerated or that cannot be altered without significant cost. While transmission infrastructure is the least flexible, local distribution system upgrades also may have these same constraints. Therefore, distribution system thermal analysis should account for demand flexibility as a source of additional capacity. 
Integrated analysis of DERs is applicable to distribution hosting and peak capacity analysis because DERs have short lead times for development. Medium-term integrated analysis also should include representation of DERs in transmission expansion and capacity expansion modeling.
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Summary of Valuation Enhancements and

— lmplementation Guidance (1)

Valuation Enhancement Guidance
1. Account for all electric
utility system economic

impacts resulting from Prioritize enhancements for analyses used to derive

demand flexibility the value of primary utility system benefits.
Develop and use hourly forecasts of avoided energy

2. Account for variations in [and capacity costs in combination with publicly

value based on when available load shape data for DERs to value demand
demand flexibility occurs flexibility.

Model and calculate distribution system-level impacts

3. Account for the impact of ((i.e., locational impacts and associated economic
distribution system savings (value) first so that results can be used to adjust inputs
on transmission and to analysis of bulk transmission and generation

generation system value system values.

A
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Summary of Valuation Enhancements and

— lmplementation Guidance (2)

Valuation Enhancement

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

Guidance
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

Valuation Enhancement

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

Guidance
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 e National Efficiency Screening Project, National Standard Practice
economic impacts resulting from demand Manual
flexibility e EPRI, The Integrated Grid - A Benefit-Cost Framework

e EPA, Assessing the Multiple Benefits of Clean Enerqgy — Resources
for States (particularly Section 3.2.4)

2. Account for the time-sensitive e  Berkeley Lab reports discuss data and methods required to
economic value of demand flexibility capture temporal value of energy efficiency including Time-
Varying Value of Electric Enerqy Efficiency and Time-Varying

Value of Enerqy Efficiency in Michigan. More resources at

https://emp.lbl.gov/projects/time-value-efficiency.

e  Smart Electric Power Alliance, Beyond the Meter: Addressing the

Locational Valuation Challenge for Distributed Enerqgy Resources

3. Account for the impact of distribution | e  PNNL, Electric Distribution System Planning with DERs — Tools and
system-level savings on transmission and Methods (forthcoming)
generation system value e Smart Electric Power Alliance, Beyond the Meter: Addressing the

Locational Valuation Challenge for Distributed Energy Resources
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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/

Implementation Resources (2)

Valuation Enhancement Implementation Resources
4. Account for the locational economic e  Smart Electric Power Alliance, Beyond the Meter: Addressing the
value of demand flexibility Locational Valuation Challenge for Distributed Energy Resources

) Benefit-Cost Analysis Handbook developed for New York’s REV

process
e California’s Locational Net Benefits Analysis Tool (and user’s guide)

e  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 e  Frick et al., Berkeley Lab, A Framework for Inteqrated Analysis of

providing demand flexibility Distributed Enerqgy Resources: Guide for States
EPRI, The Integrated Grid - A Benefit-Cost Framework
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

7. Account for interactions between DERs Berkeley Lab, A Framework for Integrated Analysis of Distributed

providing demand flexibility and existing Energy Resources: Guide for States
and potential conventional grid resources EPRI, The Integrated Grid - A Benefit-Cost Framework
supplying comparable services
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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

Market Structure Influences Value of Demand Flexibility

Organized Markets
o Value established by market

o Only values “products”
traded in market:

Capacity
Energy

Reserves (spinning and
balancing)

Volt/Var support

o Gaps/Challenges

Locational value of
avoided/deferred T&D
capacity not captured

Value of resilience

Value of increased hosting
capacity

Recognition of “long-term”
resource value in some
markets

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

“Dis-organized” Markets

o Value established through
regulatory/planning processes
(e.g., PURPA filings, IRPs)

o Value depends on scope of
state “cost-effectiveness” test

o Gaps/Challenges

Not all states include all utility
system benefits of demand
flexibility or quantify them in a
consistent manner (e.g., not all
states use time-dependent
valuation).

Methods to quantify and
monetize the locational value of
demand flexibility are “under
construction.”

Integrated analysis of the
impacts of demand flexibility is
complex, and thus rarely done.
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Presenter
Presentation Notes
In organized markets like PJM and ISO-NE, the value of demand flexibility that provides peaking capacity will likely be established by the market clearing prices of the most expensive resources (whether demand side or supply side) selected in an auction. In contrast, ERCOT uses energy-only market price mechanisms for development of new resources. 
In mixed markets, (i.e., those with both wholesale competition and vertically integrated utilities) the economic value of demand flexibility providing grid services might be based on the lesser of the future market cost of new capacity from MISO or a new generation resource option being considered in a utility’s integrated resource plan (IRP). T
The value of demand flexibility for grid services in vertically integrated states is based on the benefits of avoiding more expensive generation, transmission and/or distribution as well as benefits based on state energy policies and regulations. 



Resource Availability and Cost Vary Across U.S.

510

W
o

Levelized Cost (2018

Conventional Advanced Wind (Onshore) Solar PV
Combustion Combustion
Turbine Turbine

M Minimum @ Simple Average M Capacity Weighted Average ® Maximum

Regional variation in levelized avoided cost of electricity for
new generation resources entering service in 2021.

Source: U.S. Energy Information Administration, Annual Energy Outlook 2019
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State Energy Policies and Regulatory Context

State policies directly or State resource standards also
indirectly influence which of directly impact avoided

the utility system benefits of costs—for example:

demand flexibility to include o Wind resource development to
in determinations of its satisfy a state renewable energy
economic value by: standard might lower the avoided

cost of energy (kWh), but have
little impact on the avoided cost
of new peaking capacity (KW).

o Establishing costs and benefits
to be included in a utility’s (or
third-party program
administrator’s) cost-
effectiveness tests

o Energy efficiency development to
satisfy a state’s energy efficiency
resource standard might lower
the avoided cost of energy (kWh)
as well as peaking capacity (kW)
by reducing the near-term need
for new generation or
transmission peaking capacity.
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o Prescribing a specific
methodology for determining
avoided cost
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Presenter
Presentation Notes
Twenty-seven states are currently implementing long-term (three-plus years) binding energy savings targets (EERS), and 29 states, District of Columbia, and three territories have adopted renewable portfolio standards (RPS). These standards typically mandate a minimum level of development of these resources. 


Example: Time-Sensitive Value of Energy Efficiency Measures

for Residential Air-Conditioning by Region/S

" S400

= Distribution

@ S350 -

nqn) Transmission

c S300 S

U . .
.i § $250 Generating Capacity
(Vs

Z % $200 DRIPE

; § $150 B ____ mAvoided RPS

;" S100 m Carbon Dioxide Emissions
=

§ $50 M Risk

E $0

M Reserves/Ancillary Services

& W Energy

Source: Mims et al. 2017. Time-varying value of electric enerqgy efficiency
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https://emp.lbl.gov/publications/time-varying-value-electric-energy

Three Enhancements to Distribution System Planning

Hosting capacity analysis — Estimates maximum
generating capacity of DERs that can be accommodated
on individual feeders without adversely impacting power
quality or reliability or requiring significant distribution
system upgrades

Energy analysis - Quantifies the magnitude of marginal
distribution system losses (i.e., I°R)

Thermal capacity (limit) analysis - Identifies potential
locational value from deferral of distribution asset
investments from demand flexibility deployment
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L) Locational value of demand flexibility may account for

M Energy
M Carbon Dioxide
Emissions

m Avoided RPS

W Generating Capacity

14% I Transmission

= Distribution

Example - Relative Contribution to Total Utility System Value for Energy and
Capacity Savings From Residential Air-Conditioning Efficiency Measures in
California

Source: Mims et al. 2017. Time-varying value of electric enerqy efficiency
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Presenter
Presentation Notes
Nearly one third of the total value of peak savings comes from avoided distribution system capacity and nearly half from distribution and transmission capacity deferral


https://emp.lbl.gov/sites/default/files/time-varying-value-of-ee-june2017.pdf

Framework for Addressing Interactions Between DERs

LEU’EI Three * Allows all electric system

resources, both utility-scale and

Ml.lltiple DERS + distributed, to be optimized for

stated purpose of analysis (e.g.,

electric utility system  least-cost system)

* Allows for multiple DERs to be

l.eVEI Two optimized for stated purpose of

analysis (e.g., least-cost system),

Multiple DERs using the electric utility system as

a fixed input

Level One s Allows for single DER analysis,

using the electric utility system as

Single DER a fixed input

All levels incorporate temporal analysis and can incorporate locational values.

Source: Mims Frick et al. 2018. A Framework for Integrated Analysis of Distributed Enerqy Resources: Guide for
States
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http://eta-publications.lbl.gov/sites/default/files/lbnl_integrated_der_report_20181127.pdf
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