iiNREL

NATIOMAL RENEWABLE ENERGY LABORATORY

High Renewable Electricity
Scenarios

Trieu Mai and Doug Arent

EPRI & IEA Workshop: Renewables and Clean Energy for Industries
Washington DC; November 29-30, 2016

NREL is a national laboratory of the U.5. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



NREL/DOE Renewable Energy Vision & Integration Studies
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Current VRE Penetrations vs. System.Size
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Current Power System Model.Map
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Things we think we know about
integrating high RE shares
(and some things we don’t know)




RE shares will likely grow over time, particularly under

decarbonizedfutures

Lo
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Plentiful resources (in the U.S.).& benefits > costs

$259 billion

-value benefits of

5167 billion

t-walue health and

218 billion
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Equivalest to:
~2¢ kWh-solar
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On the Path to SunShot
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Wind Vision
(35% wind by 2050)

fallin 35
ansurmption

The Study Scenario results in cumulative savings, benefits, and an array of
additional impacts by 2050,
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Integrating <35% wind and solar is doable with existing and

known.best.practices

* “Integration costs” are small s sy _aiENCE (St 5- 7 May 1999
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Fewer studies of large systems with >35% variable RE

oeneration, but-these studies suggest it can be done
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Engineering challenges: power system stability with high shares of

non-synchronous.generation

Ireland Currently Limiting Grid to
* 23% Wind on Annual Energy Basis (2015) 55% instantaneous
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Economic challenges: RE curtailment at very high penetrations

and more(-expensive

sources of flexibilit

may be needed

At high penetrations,

curtailment can cause

significant declining value

(and effectively increase

RE costs)
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Annual Solar Energy Penetration

Source: On the Path to SunShot

How actively will the demand-
side participate in future
power systems operations?

Can new loads help facilitate
RE integration?
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www.nrel.gov/analysis/re_futures

Biopower Geothermal Hydropower CSP PV Wind Fossil & Nuclear
- . v ®

Hmare Feseshls Ferincly Febres S0

A future U.S. electricity system that is largely powered by

renewable sources is possible, and further work is warranted to
investigate this clean generation pathway.
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Future Work




Potential for Widespread Electrification to Reduce Unwanted

Pollution (POWER-UP) Study — www.nrel.gov/analysis/power-up.html

Clean Electricity to

Power the U.S. Economy
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ELECTRIFICATION

P ok S

(OMMERCIAL RESIDENTIAL INDLISTRY TRANSPORTATION

What end-use services are the best candidates for electrification and how might adoption barriers be overcome?
How might mass electrification impact national and regional electricity consumption and consumption patterns?

How would the U.S. electricity system transform to meet the growing consumption needs from mass
electrification and, at the same time, decarbonize?

4. How would a decarbonized grid operate to serve an electrified economy and what role might demand-side
flexibility play to support reliable operations?

5. What impacts would this pathway have for GHG emissions, consumer costs, and other environmental, public
health, and social implications?
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Trieu.mai@nrel.gov
Doug.arent@nrel.gov
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Consumption [TWh]

Electrification Technical Potential Analysis:

Electricity.Consumption
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Electrification Technical Potential Analysis:

GHG Emissions
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The U.S. electricity system is undergoing a transformation

2000

Since 2005:
Coal generation WV 40%
1500 |- Gas generation A\ 80%
Non-H,0 RE generation A\ 293%
CO, emissions WV 25%

Coal

1000

Terawatt-hours

Muclear

e Non-Hydro

Renewables

1250 1955 1960 1965 18970 1975 1930 1985 159%0 1995 2000 2005 2010 2015

e Currently, U.S. RE electricity comprises about 14% of total generation with about
5% from wind and solar

e Basic questions: How much RE can be integrated in the U.S. power system? What

are the impacts to power system reliability, consumer costs, and to the
environment?
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