


You can easily run a system with 100%
renewable electricity... if you are |Iceland




We can operate a power system with very high

levels of clean energy today

CAISO met 100% of load
with renewables in 2022

Kauai can operate at 100% renewables
for 8 hours

Total Supply.

N

Natural
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L. Sommer, NPR 2022; KIUC data 2021
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https://www.npr.org/2022/05/07/1097376890/for-a-brief-moment-calif-fully-powered-itself-with-renewable-energy
https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/iet-rpg.2020.0573

What do the studies tell us?

- If we keep doing what we’re doing, can we reach 100% clean electricity?

- In the US, our current strategy appears to be — Build as much wind, solar and
battery storage as you can, while retiring as much coal generation as you can.
Electrify and use the flexibility from those new loads, plus the existing gas system,
to help balance the system. That’ll get us to 90%. At that point, we hope to have
developed a cost-effective clean, firm resource that’ll get us to 100%.

- Does this strategy work?

How fast can we retire fossil plants, given the pace of load growth and the
difficulty interconnecting new resources?

What kind of new resource do we need to make this work? When do you need
it? What’s the capacity factor of that resource? How often does that resource
run and for how long?

Should we retire gas plants? Should we build new gas plants?
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Bottom line is reliable, affordable, clean energy




Resource portfolios show a need for some

amount of clean, firm resource
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Lots of options, but not sure which will be most cost-effectivel Hydrogen, advanced nuclear,
carbon capture & sequestration, direct air capture, bioenergy, geothermal, long-duration storage 5

E3, Long Run Resource Adequacy under Deep Decarbonization Pathways for California, 2019; Vibrant Clean Energy, ZeroByFifty; 2021



https://www.ethree.com/wp-content/uploads/2019/06/E3_Long_Run_Resource_Adequacy_CA_Deep-Decarbonization_Final.pdf
https://vibrantcleanenergy.com/wp-content/uploads/2021/03/VCE-ESIG-03022021.pdf

You don't need clean, firm resources equivalent

to peak demand
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HECO IGP, 2023; UK National Grid Future Energy Scenarios, 2022



https://hawaiipowered.com/igpreport/IGP-Report_Draft.pdf
https://www.nationalgrideso.com/document/263951/download

Many regions will become winter peaking.

Winter risk tends to be longer duration.

CAISO summer events in 2020 PJM Dec 23-25
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CAISO, Root Cause Analysis Mid-Aug 2020 Extreme Heat Wave, 2021; PJM, Winter Storm Elliott Event Analysis and Recommendations, 2023.



https://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/20230717-winter-storm-elliott-event-analysis-and-recommendation-report.ashx

What are the implications on resources?

New York example

New York Independent System Operator
zero emissions 2040

New York Targets
70% renewable energy by 2030 BTM solar
100% zero emissions by 2040 e Utility solar
Offshore wind
This scenario uses NYISO load
forecasts [ p— Land-based
: wind
High demand, 57 GW winter peak, build clean Hydro
208,679 GWh energy in 2040 firm, then this Nuclear
(compared to today which is about Asec;’;/\:)l\gggg Storage
30 GW, summer peak) by 30 GW
Optimal fossil-fueled generator offshore wind Clean firm
retirements J;’r?)?oc;\g resource (DEFR)
A 8

NYISO Outlook 2021-2040, 2022



https://www.nyiso.com/documents/20142/33384099/2021-2040-Outlook-Report.pdf

When do you need to build the clean, firm

resource??

2019 2025 2030 2035
Nuclear 5,400 3,346 3,364 3,364
Fossil 26,262 | 21,310 | 21,232 | 21,234
DEFR - Hclo : : : :
DEFR - McMo - - - -
DEFR - LcHo - - 420 7,053
Hydro 6,331 6,302 Tidse 7,540 7,540
LBW 1,985 3,335 9,086 | 12,612 19,087
osw - 1,826 5,036 9,000 9,000
UPv 32 4,676 4,676 4,676 4,676
BTM-PV 2,116 6,834 | 10,055 | 10,828 11,198
Storage 1,405 2,910 4,410 5,793 11,450
Total 43,838 | 50,763 | 66,460 | 89,376 | 111,066
» dOE
Mostly deployed in NYC
and Long Island for load 140

and reserve margin

NYISO Outlook 2021-2040 Appendix F, 2022

Need a little in 2030 and
2035 and a lot in 2040

2019 2025 2030 2035 2040
Nuclear 45429 | 28338| 27,444| 28338| 27,092
|Fossil 50520 w 1 w7 14 516 -
DEFR - Helo - - 33,482
DEFR - McMo - - -
DEFR - LcHo - - - - 523
Hydro 40,034 | 36,418 | 46,342 46,392 46,391
LBW 4,416 8,189 | 26,971| 38297 | 59,362
OSW . 7,331 | 20,186 | 35460| 35,647
UPv 51| 8817 8816 | 8817 8,819
BTM-PV 2,761 7,483 | 11,068 | 11,983| 12454
Storage 612 4,347 7,004 | 10,084 | 21,339
Total Generation 146,262 | 157,088 | 169,810 | 195,879 | 245,109
RE Generation 47,261 | 68,238 | 113,383 | 140,949 | 162,672
ZE Generation 93,301 | 100,922 | 147,831 | 179,371 | 245,109
Load 151,386 | 152,336 | 162,122 | 184,836 | 221,828
Load+Charge 151,773 | 157,089 | 169,811 | 195879 | 245,109
% RE [RE/Load] 31% 45% 70% 76% 73%
% ZE [ZE/(Load+Charge)] 61% 64% 87% 92% 100%



https://www.nyiso.com/documents/20142/33395392/2021-2040-Outlook-Appendix-F.pdf/fb5e1352-7104-dfd4-65a6-c582f1653a58

How does this change with clean, firm

resource type~

Defines 3 clean, firm resource types:

Low capital, high operating cost:
Needs a little in 2030, grows to 41
GW by 2040; hardly ever runs; rare
capacity events; runtime 3-10 hours

High capital, low operating cost:
Doesn’t need until 2040 and then
only 4 GW, operates baseloaded in
summer and winter with near 100%
capacity factor; overall runtime
averages ~ 50 hours

Medium capital, medium operating
cost: Does not need at all

NYISO Outlook 2021-2040 Appendix F, 2022
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41 GW acts
like a peaker
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Builds a lot of this to sit
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Candidate Proxy Generator Expansion Total Costs ® c2didate Generators
300 @ Proposed DEFR Proxy Generator
:BE ‘Grid in Evolution (RNG) ® Other Studies
=
& 250 .
Lo capital
[u]
c 200 H H
‘% HI Operatlng vays Analysis
z
_‘-‘é 150 <O
© . [ »
% Med capital Hi capital
; 100 Combustion turbine Internal combustio Med Operat|ng L t.
bi
g ® tur‘lne Combined Cycle with 90% O Ope ra I n U
o S0 @Combined Cycle cs
=]
£ Utility PV ‘
g 4-hour battery s orage‘_ Land based wind .Offshore wind @ Nuclear (SMR) @ Nuclear (LWR)
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
Capital Costs ($/kW)

Builds a little of
this as
baseload for
winter/summer



https://www.nyiso.com/documents/20142/33395392/2021-2040-Outlook-Appendix-F.pdf/fb5e1352-7104-dfd4-65a6-c582f1653a58

Clean, firmm resource vs batteries

New England example

High electrification Scenario; 92% and 100% emissions reductions for 2050

. ' .
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E3, New England Reliability under Deep Decarbonization, 2020



https://www.ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-Decarbonization_Full-Report_November_2020.pdf

You can do it without clean, firm resources but

It'll cost you
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existing gas plants (and perhaps build
more) but rarely run them?

If we can’t develop clean, firm

resources is it worth it to go to zero
emissions in the electricity sector?

E3, New England Reliability under Deep Decarbonization, 2020



https://www.ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-Decarbonization_Full-Report_November_2020.pdf

Should we be focusing on retiring fossil plants as

soon as possible?
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We install huge
amounts of
wind/solar for the
next decade to
provide energy to
offset fossil
generation. In the
2030's we focus on
resources that
contribute to
resource adequacy
to shut down (or
refuel) fossil
generators.
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Denholm et al, “Examining Supply-Side Options to Achieve 100% Clean Electricity by 2035”, 2022



https://www.nrel.gov/docs/fy22osti/81644.pdf

Low amounts of negative emissions resources

can offset much larger gas capacity

14 GW of
Bioenergy/CCS 7 GW of
1000 offsets 375 GW Bioenergy/
of natural gas CCS offsets
capacity 250 GW of
. natural gas

capacity

B Natural Gas ccs
| B

. Coal

5001

Installed capacity in 2035 [GW]

2501

Denholm et al, “Examining
Supply-Side Options to Achieve
100% Clean Electricity by 2035,
2022
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https://www.nrel.gov/docs/fy22osti/81644.pdf
https://www.nrel.gov/docs/fy22osti/81644.pdf
https://www.nrel.gov/docs/fy22osti/81644.pdf

How firm are gas plants and gas supply?

The 90,500 MW of coincident unplanned
outages during Elliott = 13% of US
anficipated resources in the El

Daily Natural Gas Production (October-December 2022)
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“5th eventin 11 years in which unplanned

cold weather-related generation outages
leopardized bulk power system reliability” 15

NERC/FERC Cold Weather Report Nov 2021; NERC/FERC, Dec 2022 Winter Storm Elliott Grid Operations Key Findings and Recommendations, 9/21/23



https://www.ferc.gov/media/february-2021-cold-weather-outages-texas-and-south-central-united-states-ferc-nerc-and
https://www.ferc.gov/news-events/news/presentation-ferc-nerc-regional-entity-joint-inquiry-winter-storm-elliott
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©2022 ESIG. All rights Reserved.

D. Stenclik, Telos Energy, Hawaii Pathways to 100%, July 2022



Forecast errors may drive the need to dispatch ‘firm’

resources. Can gas respond?

Electricity Demands Exceeded Grid Operators’ Forecasts

* The majority of the BAs’ short-

Peak Load Forecasts for Peak Load Forecasts for

range forecasts of peak electricity Friday, December 23 | Saturday, December 24
FOreCOST errorS O |SO demands underestimated load on Underestimation Underestimation
Con_l_ribu_l_ed _I_O 20 -| -| 20 -| 8 202 -| December 23 and Decem ber 24_* Forecasts Produced ->|2 Days-Ahead |Day-Ahead*|2 Days-Ahead |Day-Ahead*
4 ’ . .
. n BA’ n I imation w. Total Load Forecast
COld WeO‘I'h er eve n‘l‘s O © su de eSt at. 0,, 8888 Underestimation (MW) for 23.047 17773 13316 10.033
much as 11.6% for their “Day- Grid Entities' Footprints g ’ : :
4 Combined
Ahead f'orecast fo.r Det.:em ber 23. Trame Peeveliforati
* Two BAs’ underestimations were Underestimation for Core 8.8% 6.8% 5.1% 3.9%
as much as 5.0% for their “Day- Entity Footprints Combined
. o . . . . Ahead” forecasts for the
Coordination issues begin with mismatched scheduling days December 24.
Gas Day vs. Electric Day
Electric Day =
Calendar Day l
I Gas volumes are scheduled ratably afross the dayl
| Gas Day #1 |
[ 1000am | — 100Av |
S
Calendar Day # 1 Calendar Day # 2 Calendar Day #3

Nom

Nom Nom Nom Nom

Pipeline Nominations Cycle #1 |Cycle #2 Cycle #3 Cycle #4 Cycle #5
2:00PM 7:00PM 11:00 AM 3:30PM 8:00PM
Timely Evening D1 ID 2 D3 For 14 hours of the day
Hour of Flow n Gas Day #1  [{600AMI10004M 3000m oM 1wooom (8pm-10am) there is NERC/FERC, Dec 2022 Winter Storm Elliott Grid Operations Key
no direct way to

Findings and Recommendations, 9/21/23; Dominion Energy, PJM
Gas Electric Coordination Task Force, 11/5/21

schedule unplanned
gas to a power plant



https://www.ferc.gov/news-events/news/presentation-ferc-nerc-regional-entity-joint-inquiry-winter-storm-elliott
https://www.ferc.gov/news-events/news/presentation-ferc-nerc-regional-entity-joint-inquiry-winter-storm-elliott
https://www.pjm.com/-/media/committees-groups/task-forces/egcstf/2021/20211105/20211105-item-02-dominion-energy-presentation.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/egcstf/2021/20211105/20211105-item-02-dominion-energy-presentation.ashx

Transmission Is a key part of the solution

Transmission capacity [TW-mi]
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Power prices soar past $1,000/MWh as extreme cold strains grid
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Denholm et al, “Examining Supply-Side Options to Achieve 100% Clean Electricity by
20357, 2022 B. Bartholomew, ESIG Resilience and Transmission Task Force, Jan 2023



https://www.nrel.gov/docs/fy22osti/81644.pdf
https://www.nrel.gov/docs/fy22osti/81644.pdf

ISONE may need to look beyond immediate

neighbors

Correlation Visualizations: Used to inform the correlation between regional periods of high stress (low margin)

across many years of timeseries data and can be used to focus on low margin periods (encapsulates load,
resource, and weather diversity)

Bottom 1400 Margin Hours Correlation by FERC

1000 Region (Lowest 2.2% of Margin Hours) For fransmission fo prowde

resilience in a weather dependent
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Achieving zero emissions from electricity may

not be the cheapest way to reduce carbon

Marginal cost of carbon reductions $/tCO,

~$165 ~$260 ~$1,200 Limited options case:
2050 Net-Zero no CCS/DAC; limited bioenergy
All Higher Fuel Limited .
Options Cost Options Marginal cost of

° Reductions from | 1 carbon is 7x higher

. 2005 levels | in this case
(positive emissions)

4 R
£ E33
O = 5
3 @ + &
8 5
~ = 3
8 2 e
5]
]
0 , . 9 5 ° .
Natural Climate Solutions . 9 This case has zero
s Biofuels with Ccs\\\ Direct Air 3'/0(;>CPS°WQF emissions from electricity

Capture 20

2 EPRI LCRI Net Zero 2050, Mar. 9, 2023



https://lcri-netzero.epri.com/

Installed capacity is 2-5x higher

2050 Net-Zero
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This gas is mostly renewable 2!
EPRI LCRI Net Zero 2050, Mar. 9, 2023 and synthetic natural gas ©2022 ESIG. Al rights Reserved



https://lcri-netzero.epri.com/

Cost of electricity, gas, liquids, hydrogen are

highest when you Iimit your options

ENERGY PRICES AND EXPENDITURES
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Figure 18. U.S. Average Delivered Fuel Prices (inclusive of implicit carbon penalty) EPRI LCRI Net Zero 2050, Mar. 9, 2023



https://lcri-netzero.epri.com/

Parting thoughts

- The more you constrain the solution, the more expensive it becomes.
- Is 100% clean electricity the right question or should we focus more broadly on decarbonizing energy?

- If you don’t have a broader and longer-term perspective, you may make decisions today that reduce your
options tomorrow.

- We need transmission that is bigger than weather systems.

- This clean, firm resource:

- Needs much longer duration than a lithium-ion battery, likely multiple days.

- Needs high availability of resources/fuel during stressful periods potentially on short notice

- Needs to be capable of being rarely used but when it is run, it's run a lot and for days.

- Do we need to adjust market design to keep a ‘firm’ resource sitting around for resource adequacy
but hardly ever run it? Note potentially increased wear-and-tear due to cycling of the resource.

- If gas is used as the pathway (with ultimate transition to CCS or hydrogen) we have a lot of work to do!

We need better gas/electric market coordination. We need better understanding and incorporation of

correlated gas unit outages. How can we make it ‘firm’? Do we need more gas storage?
23

- Did not focus here, but demand flexibility and distribution management are essential parts of the solution.
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