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Demand-side operational changes
to provide a grid service/better
align electricity load with supply.

=

=
wn

Energy Service Availability (GW)
-

=
o

Perhaps enabled via
retail programs or tariffs
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Demand response is more valuable in systems with

Source: Stoll (2017)

higher levels of variable generation
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DR Scenarios

— Low DR
-- High DR

DR End Use

— Commercial cooling

— Commercial heating
Commercial lighting

— Commercial ventilation

— Industrial agriculture

— Industrial datacenters

— Industrial manufacturing
Industrial refrigerated warehouses
Municipal outdoor lighting

— Municipal wastewater pumping

— Municipal water pumping

— Residential cooling

— Residential heating

— Residential hotwater

Why?
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In a least-cost framework, additional resources can

only reduce operational costs
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With higher levels of PV there are more net-load

balancing opportunities
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Many jurisdictions have ambitious goals

Cities and states with 100% goals.

State goals are a mix of renewable / clean /
carbon-neutral, are mostly about electricity,

some economy-wide provisions
Source: Sierra Club (2019)

Clean Energy Standards &
Renewable Portfolio Standards

THE

State climate mandates
B Cleon Energy Standard in
place

B Renewable Porfolo Standand

in ploce

[l Cleon Encrgy Stondord undier
consideration (RPS in place]

(updated 16 April 2019) BREA k'l' H Ro U G H—-

Source: McBride (2019)
Data sources: Center for Climate and Energy Solutions and
National Council of State Legislatures
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https://www.c2es.org/document/renewable-and-alternate-energy-portfolio-standards/
http://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx

Demand response is one potential source of flexibility that can

increase the economic carrying capacity (ECC) of (e.g.) PV
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Total Emissions
(Million Metric Tons CO2)

The relationship between demand response and

emissions is contingent on the overall system
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What might a more-electrified future look like?

Electricity Consumption (TWh)
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Triei Mai, Paige Radun, Jeffrey Legan, Colin MoMillan,

Mattoo Musatoel Danlel Steinbeng, Laura Vimmerstods,
Ry Jorves, Benjarin Haley, and Brent Nelson

nrel.gov/docs/fy18osti/71500.pdf
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https://www.nrel.gov/analysis/electrification-futures.html; POC: Trieu Mai (NREL)
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https://www.nrel.gov/docs/fy18osti/71500.pdf
https://www.nrel.gov/analysis/electrification-futures.html

Electric vehicle charging may be a first-order driver

: o 159 BEV owners and 156 PHEV owners responded to
National Plug-in Electric Vehicle . . .
Infrastructure Analysis Chall . 5 the 2016 California Vehicle Survey about
allenging to serve: vhen they charged their vehicles on a
Opportunity to shift? [day
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Source: Wood et al. 2017; Model: NREL’s EVI-Pro; POC: Eric Wood (NREL) Source: Muratori 2018
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https://www.nrel.gov/transportation/secure-transportation-data.html

NREL is actively working to incorporate demand-

side understanding into grid models ...

The demand-side grid (dsgrid)
model provides bottom-up @ ComStock IGATE-E  %QARIDGE B EVI-PRO
modeling of buildings, industry, ZINREL FINREL EPRI| “ LINREL
and electric vehicles to enable:
e Future projections and what-
if scenarios for load shape in
addition to magnitude demand-side
* Realistic estimates of grid (dsgrid)
potential load flexibility
(i.e., demand response)
e Understand interactions
between energy efficiency
and demand response

potential (also renewables
https://www.nrel.gov/analysis/dsgrid.html; POC: Elaine Hale (NREL)
and DERS) NREL | 11
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https://www.nrel.gov/analysis/dsgrid.html

... and grid understanding into

demand-side models

Cambium is a new data product that will provide
hourly data that describe future grid conditions
modeled in NRELs Standard Scenarios

* Marginal costs (separated into energy, capacity, ancillary
services, etc.)

* Emission rates (marginal and average)
* Load and net load
e Dispatch stacks

An interface for users to query the data

e Users specify region and timeframe (e.g. Colorado for
2020-2050), Cambium returns year-over-year, present-
values, and annualized values.

Load and Net Load, by Year
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https://www.nrel.gov/analysis/standard-scenarios.html

Current projects aim to increase

modeling accuracy and close gaps

 LA100 Study
— Bottom-up load modeling

— Demand response modeling

* Physical accuracy of aggregate energy-shifting (e.g., non-
100% roundtrip efficiencies for thermal storage)

* Impact of dispatch mechanisms and aggregation level
* Interaction between energy efficiency and demand response
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https://www.ladwp.com/ladwp/faces/ladwp/aboutus/a-power/a-p-cleanenergyfuture/a-p-renewableenergystudy;jsessionid=gnYvdk4QDQV6jp4JCvNLr1wzpB4xNPHF5DLTmN57R1H60thd99Lr!-1842184738?_afrLoop=1094694555822017&_afrWindowMode=0&_afrWindowId=null#%40%3F_afrWindowId%3Dnull%26_afrLoop%3D1094694555822017%26_afrWindowMode%3D0%26_adf.ctrl-state%3D2y5k8h5m4_4

References

CEC. 2017. “2016 California Vehicle Survey.” California Energy Commisssion (CEC).
https://www.nrel.gov/transportation/secure-transportation-data.html.

Hale, Elaine, Lori Bird, Rajaraman Padmanabhan, and Christina Volpi. 2018. “Potential Roles for Demand Response in
High-Growth Electric Systems with Increasing Shares of Renewable Generation.” Technical Report NREL/TP-6A20-
70630. Golden, CO (United States): National Renewable Energy Laboratory (NREL).
https://www.nrel.gov/docs/fy190sti/70630.pdf.

Hale, Elaine T., Brady L. Stoll, and Joshua E. Novacheck. 2018. “Integrating Solar into Florida’s Power System: Potential
Roles for Flexibility.” Solar Energy 170 (August): 741-51. https://doi.org/10.1016/].solener.2018.05.045.

Mai, Trieu. 2018. “The Electrification Futures Study: Demand-Side Scenarios.” Webinar, NREL/PR-6A20-72096, July 26.
https://www.nrel.gov/docs/fy180sti/72096.pdf.

McBride, Jameson. 2019. “How to Raise the Ambition of State Climate Policy: Just Add Nuclear.” The Breakthrough
Institute (blog). April 16, 2019. https://thebreakthrough.org/issues/energy/state-climate-policy.

Muratori, Matteo. 2018. “Electrification Opportunities in the Transportation Sector and Impact of Residential
Charging.” presented at the Energy and Environment Program Advisory Meeting, Electric Power Research Institute,
March.

Sierra Club. 2019. “The 100% Clean Energy Movement Keeps Moving Forward.” Sierra Club (blog by Kass Rohrbach).
August 2, 2019. https://www.sierraclub.org/articles/2019/08/100-clean-energy-movement-keeps-moving-forward.

Stoll, Brady. 2017. “Demand Response Potential from the Bulk Grid Perspective.” presented at the 36th PLMA
Conference, Cambridge, Massachusetts, November 15.
https://www.peakload.org/assets/36thConf/A4.4.Stoll NREL PLMA 2017.pdf.

Wood, Eric W., Clement L. Rames, Matteo Muratori, Seshadri Srinivasa Raghavan, and Marc W. Melaina. 2017.
“National Plug-In Electric Vehicle Infrastructure Analysis.” Technical Report. U.S. DOE Office of Energy Efficiency and
Renewable Energy. https://www.nrel.gov/docs/fy170sti/69031.pdf. NREL | 14



https://www.nrel.gov/transportation/secure-transportation-data.html
https://www.nrel.gov/docs/fy19osti/70630.pdf
https://doi.org/10.1016/j.solener.2018.05.045
https://www.nrel.gov/docs/fy18osti/72096.pdf
https://thebreakthrough.org/issues/energy/state-climate-policy
https://www.sierraclub.org/articles/2019/08/100-clean-energy-movement-keeps-moving-forward
https://www.peakload.org/assets/36thConf/A4.4.Stoll_NREL_PLMA_2017.pdf
https://www.nrel.gov/docs/fy17osti/69031.pdf

Q&A

www.nrel.gov

NREL/PR-6A20-75195

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S.
Department of Energy Office of Energy Efficiency and Renewable Energy Office of Strategic Programs. The views
expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S.
Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published
form of this work, or allow others to do so, for U.S. Government purposes.

M=

N
"4

]
%

NREL

Transforming ENERGY






