i iNREL

Transforming ENERGY

2020 Standard Scenarios
Report: A U.S. Electric
Sector Outlook

Wesley Cole and Pieter Gagnon

Project Team: Sean Corcoran, Paritosh Das,
Will Frazier, Nathaniel Gates, Elaine Hale,
and Trieu Mai

December 17, 2020



Electricity Demand Growth = BT R Combination Scenarios
Technology Costs

+ Reference Demand Growth * Mid Technology Cost * Low Natural Gas Prices &
Low RE Cost

S b ? ’) « Low Demand Growth + Low RE Cost
C e n a rl O S H + High Demand Growth + High RE Cost ' E;%:‘RN?;’:'SF“ FlTezts
+ High Electrification with * Low Onshore Wind Cost

Demand Flexibility

What are the “Standard

* Low Natural Gas Prices &

« High Onshore Wind Cost High RE Cost
’ IEIZEI;(;;;Q ith Demand + LowPVCost + High Natural Gas Prices &
« High PV Cost High RE Cost

+ High Electric Vehicle Adoption . Low RE Cost & Low

e Suite of forward-looking

« High Geothermal Cost

Low CSP Cost * LowRE Cost & High

. . . * Low oS Battery Cost
Scenarlos (prOJECtlonS) Of m + High CSPCost + Low NG Prices & Low RE
+ Reference Natural Gas Prices @ el Cost& Low Batery Cost

t h e U . S . p Owe r S e Cto r + Low Natural Gas Prices + High Hydro Cost
+ High Natural Gas Prices + Low Offshore Wind Cost
. - High Offshore Wind Cost Conditions
® CO m p a n I O n p ro d u Ct Of t h e * Low Battery Cost + Default Resource Constraints

Financing Assumptions + High Battery Cost + ReducedRE Resource

Annual Technology Baseline e T

« Mid Finance Projections

+ Carbon Capture * No Interstate
h . b | * Shortened Cost Recovery and Storage Transmission
- tt pS . at . n re . gOV + Extended CostRecovery BRI + Cooling Water
« 2019ATB Mid Constraints
Technology Cost

* Market for Curtailed

Electricity
Existing Fleet Retirements
Model Foresight
« Reference Retirement

+ Accelerated Retirements
« Extended Lifetimes

+ No Foresight

+ PerfectForesight

» No Economic Retirements
NREL | 2


https://atb.nrel.gov/

Why do we do the Standard Scenarios?
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Scenarios Definitions
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dGen ReEDS PLEXOS*
Rooftop PV adoption Capacity expansion Production cost
Bass diffusion Minimize total system cost Minimize production cost

\ L L

| | *Only a subset of
dGen: 1 scenarios were run

https://www.nrel.gov/analysis/

dgen/model-access.html
ReEDS:

https://www.nrel.gov/analysis/

reeds/request-access.html

Cambium
Output Processing

|

in PLEXOS

Standard Scenario Results

NREL | 5


https://www.nrel.gov/analysis/dgen/model-access.html
https://www.nrel.gov/analysis/reeds/request-access.html

What is Different this Year?

Model Updates Output Updates Report Updates

* New hourly module « Updated scenario * Shorter

* Multiple years of viewer * Less analysis but
weather data * Hourly outputs from more results

* Policy updates Cambium * Follow-on analysis

* Endogenous e Generation paper forthcoming
Retirements * Emissions

* Electrification * Marginal costs

... (see Table A-6) * More...
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Report Summary




The Mid-case Scenario

Fuel prices: EIA Annual Energy Outlook (AEO) 2020

Demand growth: AEO 2020

Technology cost and performance: 2020 Annual Technology Baseline (ATB)
Current policies as of June 2020

Current fleet characteristics: EIA NEMS Plant Database
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U.S. Power Sector Evolution Over Time
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System Evolution by State in the Mid-case
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How the
Mid-case

Compares

Comparisons:

* Bloomberg
New Energy
Finance (BNEF)

* Energy
Information
Administration
(EIA)

* International
Energy Agency
(IEA)
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Electricity Demand Growth = BT R Combination Scenarios
Technology Costs

Sensitivity Scenarios
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Generation by Fuel Type Across the Scenarios
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Other Outputs
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Extending the Standard Scenarios to include hourly emission, cost,
and operational metrics
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Cambium

A public database of hourly emission, cost, and operational metrics for the U.S. electric
sector through 2050

What'’s the point?
1) The grid is changing

2) Some metrics useful for planning are forward-looking

3) Useful for comparison
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The models

ReEDS

Projects the evolution of the
electric grid through 2050

3
PLEXOS

Simulates the hourly
operation of future grids

A 4

Cambium

Calculates new metrics;
builds the database

!

Cambium database
Hourly through 2050

Operational metrics
Cost metrics
Emission metrics
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Busbar load

Busbar load for end-use
End-use load

Load from storage charging
Transmission losses

Net load

Transmission

Costs (busbar and end-use)

Imports
Exports

Energy cost

Capacity cost

Portfolio cost
Operating reserve cost

Metrics

Operations

Average distribution loss rate
Marginal distribution loss rate
Operating reserve demand
Operating reserve shadow price
Planning reserve margin
Planning capacity

Capacity shadow price
Marginal generator technology
Marginal energy source technology
Solar curtailment

Wind curtailment

CO2 Emissions

*  Average from in-region generation
*  Average induced by in-region load
e Short-run marginal emission rate
*  Long-run marginal emission rate

*  Total CO2 emissions

Generation
* Hourly generation by technology

Capacity
* Nameplate capacity by technology
* MWh of storage

Portfolio

*  RPS and CES shadow prices
*  RPS and CES fractions

For metric definitions and methods,
see Cambium Documentation

Cambium Documentation: Version 2020
Pauter Gagrion, Wil Frauzier, Dlaing Halo. and Wosiey Colo

Patorm! Fiwatty ey Latsstery
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Example
Marginal
Cost

Trends

Mid-case, 2050
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Geographic Resolution

134 regions covering contiguous United States

ReEDS Reliability Assessment Zones
2020 Update

e
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The Scenarios

5 scenarios with hourly Cambium metrics:

Mid-case
Low Renewable Energy Cost
High Renewable Energy Cost
Low Battery Cost
Low Wind Cost
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Scenario Viewer and Data Downloader
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Marginal CO:Emission Metrics

Short-run marginal emission rate

Emission rate of the generation that would serve a change in electrical load
keeping the capital assets of the grid fixed.

Long-run marginal emission rate

Emission rate of the generation that would serve a change in electrical load
considering the structural changes to the grid that would be induced by a
persistent change in load.
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Long-run Marginal CO2 Rate (kg/MWh)
30 Year Levelized Values, National
Standard Scenarios 2020, Mid-case
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Short-run is ~“twice as large as long-run

Long-run vs short-run marginal emission rates
National averages, Mid-case
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This is simulated data

The models that underlie this data are necessarily simplifications of reality, and
can not capture every relevant detail

See section 2 of the Cambium documentation for a discussion of the limitations
of the data
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Questions or Comments?

wesley.cole@nrel.gov
pieter.gagnon@nrel.gov

www.nrel.gov
NREL/PR-6A20-78689

Full Report: https://www.nrel.gov/docs/fy200sti/74110.pdf

Results Viewer: https://cambium.nrel.gov/

Cambium Documentation: https://www.nrel.gov/docs/fy210sti/78239.pdf

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, » =3
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S. ({ ‘Il
Department of Energy Office of Energy Efficiency and Renewable Energy Office of Strategic Programs. The views &_,‘

expressed in the presentation 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. Transforming ENERGY
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.
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