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TWIN CHALLENGES: ZERO CARBON, DOUBLE DEMAND
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Data source: lyer etal. 2017, GGCAMUSA Analysis of U.S. Electric Power Sector Transitiongperformed for the United States Mid-Century Strategy for
Deep Decarbonization), Pacific Northwest National Laboratory; 2020 zera carbon electricity supply from EIA Annual Energy Outlook 2019. 2



THE RAPID SWITCH: NEW ZERO CARBON ELECTRICITY NEEDE
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Data source: Difference between projected electricity demand in lyer et al. 2017 and 2020 zero-carbon electricity supply from EIA Annual Energy Outlook
2019. Assumes all 2020 generation can be sustained through 2050. Retirements of existing capacity would increase new zero-carbon generation needed. 3



HISTORICAL PRECEDENTS (SCALED TO U.S. POPULATION)
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Data source: Historical per capita deployment rates from MIT 2018, The Future of Nuclear in a Carbon Constrained World, scaledto based on projected
2035 U.S. population of 364 million from U.S. Census Bureau. 4

Average GW additions per year




JOUIe Login  Register Subscribe Claim Q =
ARTICLE | ONLINE NOW v B E & B ©

Purchase  Subscribe  Sawe  Share  Reprints  Request

The Role of Firm Low-Carbon Electricity Resources in
Deep Decarbonization of Power Generation

Nestor A. Sepulveda 2 * =+ Jesse D. Jenkins * Fernando J. de Sisternes « Richard K. Lester 2 &

Show footnotes

Published: September 06, 2018 + DOI: hitps://doi_org/10.1016/] joule.2018.08_006

http://bit.ly/FirmLowCarbon _+ PlumX Metrics

Highlights H | g h I | g h ts Recommend Joule

to Your Librarian

Summary . . )
: « Firm low-carbon resources consistently lower decarbonized

Graphical Abstract electricity system costs

Keywords » Availability of firm low-carbon resources reduces costs 10%-—
62% in zero-CO 5 cases

References
« Without these resources, electricity costs rise rapidly as CO 2

Article Info .
' ' limits near zero




Solar PV Demand response
(price responsive
curtailment)

Solar thermal

Wind energy =T S e
Savi c bur st Flexible demand
Run-of-river variable balancing (rescheduling)

hydro renewables resources

Solar thermal
with storage

Battery storage

AFi r mécarbomw Long-duration

Reservoir hydro
y resources storage

Geothermal Biogas

Nuclear Biomass
Gas or coal

AnFl exi bl e basgOCS AFiI rm c:yclersc‘)6



Average cost of electricity ($/MWh)
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Average cost of electricity ($/MWh)
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NATURAL GAS WITH CCS MAY PLAY SIGNIFICANT ROLE
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NATURAL GAS WITH CCS IS OPERATED FLEXIBLY

No CCS, Costly Nuclear NGCC+PCC (90%), Mid Nucla AllamCycle (100%), Low Nucleal
Northern System Southern System | Northern System Southern System | Northermn System Southern System
87 100%
g \ & Conservative
'.(7) m,". A . : \ 8|0FU‘."Ud
go] \ ) Generation
% 0% \
L 100% -
D>: '\'——- e Mid-Range
— 50% makp [ BioFuseled
o () = '\\
O\ g \ ; Generation
— © % :
q) _é 100% : vy
Pl = 1 b ST ’
= S G Very-Low
CG 0% \ i €2 BioFueled
%) Generation
0%
> 100% ‘
E) g’ . \\ ke Conservative
q) E 50% “ ‘\ BioFueled
& S \ '\ >.| Generation
0 0%
LLI 'g 100%
© S ——— Mid-Range
& 50% \\ g= "“\——- BioFueled
> . o ;i Generation
= 0%
o 100%
> ! &
Z O ——— 1 Very-Low
g §0% ~ b ———— BioFueled
i Generation
0%
10 § 1 |10 'S 1 0|10 5§ 1 0 10 5§ 1 010 5 1 0 10 5§ 1 0

Firm Technologles
W CCGT with CCS Capacity Factor

10



AN EXAMPLE OF FLEXIBLE CCS IN A ZERO CARBON ELECTRIC

Detailed case results falorthernsystem, very loncost scenario for all resources
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ANNUAL GENERATION DURATION CURVE

Average Fleewvide NG+CCS Capacity Factor: 66%
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UNIT COMMITMENT DISTRIBUTION

4500 Average Fleewide NG+CCS Commitment Factor: 80%
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HOURLY DISPATCH DURING PEAK DEMAND WEEK (JULY)
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AN EXAMPLE OF FLEXIBLE CCS IN A ZERO CARBON ELECTRIC

Detailed case results for Southern system, very loast scenario for all resources

Installed Capacity (GW) Annual Generation (%)
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ANNUAIGENERATION DURATION CURVE

Average Fleewide NG+CCS Capacity Factor: 46%
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UNIT COMMITMENT DISTRIBUTION

Average Fleewvide NG+CCS Commitment Factor: 46%
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