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Natural Gas Becomes Electric Generation’s Primary Fuel as Coal Retires

Net generation, United States, electric utility, monthly
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Data source: U.5. Energy Information Administration

P : : ISO PUBLIC Page 3
-’ California ISO COPYRIGHT © 2021 by California ISO. All Rights Reserved g




ISO 2021 Summer On Peak Available Capacity by Fuel Type

California ISO

Appendix C: 2021 ISO Summer Maximum On-Peak Available Capacity by Fuel Type
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State (age) of CAISO Total Generation
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Current CAISO Renewable Generation

Installed renewable resources (os of 10,/01,/2021)
58.1% Megawatts
solar
28-1% ot SOICIT ]4,63]
wind =2 Wind 7,075
-mf Geothermal 14117
5.6% == Small hydro 1,187
geothermal 4% Biofuels 818
small hydro TOTAL 25122
3.2%
biofuels
Historical statistics and records [as of 10/01,/2021)
(" Solar peak =2 Wind peak @ Peak renewables
13,205 mw 5,754 mw serving load
May 27, 2021 at 11:57 am. May 29, 2021 at 10:12 p.m. 94.5%
Previous record: Previous record: Apr 24, 2?2] af 2:28 p.m.
13,151 MW, Apr 13, 2021 5,753 MW, Apr 22 2021 Previous record:
Q2 5%, Mar 13, 2021
4____3' Pﬁeul; E Peak 4 Steepest ramp
net imports demand over 3-hour period
11,894 mw 50,270 mw 17,259 mw
Sep 21, 2019 at &:53 p.m. Jul 24, 2006 at 2:44 p.m. Feb 28,2021 at 3:34 p.m.
Second highest: Second highest:
50116 MW, Sep 1, 2017 15,639 MW, Jan 1, 2019
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Achieving 100% Clean Electricity in California

(2021 SB100 Joint Agency Report Summary)

California

Clean Electricity Resources

Projected to increase annual costs
6% above a 60% RPS baseline

* Includes in-state
** Includes in-state and out of state capacity

t New hydro and nuclear resources were
not candidate technologies for this round
of modeling and could not be selected

Q¥ o

Achieving 100% Clean Electricity in California

Existing Resources

2019*

Solar (Utility-Scale) 12.5 GW
Solar (Customer) 8.0 GW
Storage (Battery) 0.2 GW
Storage (Long Duration) 3.7 GW
Wind (Onshore) 6.0 GW
Wind (Offshore) 0 GW
Geothermal 2.7 GW
Biomass 1.3 GW
Hydrogen Fuel Cells 0 GW
Hydro (lLarge) 12.3 GW
Hydro (Small) 1.8 GW

ODOEROOE®OOH®

Nuclear 24 GW

Projected New Resources

2030** 2045**

16.9 GW 69.4 GW

12.5 GW 28.2 GW

9.5 GW 48.8 GW

0.9 GW 4.0 GW

8.2 GW 12.6 GW
0 GW
0 GW 0.1 GW
0 GW 0 GW
0 GW 0 GW

N/A! N/A!

N/A!
N/A!

Note: https://ww?2.arb.ca.gov/sites/default/files/2021-11/CEC-sp22-electricity-ws-11-02-21.pdf
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N
Generation by Energy Type

California Independent System Operator (CIS0O) electricity generation by energy source 12/14/2021 - 12/21/2021, Pacific
Time

megawatthours
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Source: U.S. Energy Information Administration
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Generation by Energy Type (cont.)

California Independent System Operator (CISO) electricity generation by energy source 12/22/2020 - 12/21/2021, Pacific
Time
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Source: U.5. Energy Information Administration
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Conventional Resources are Relied Upon as Solar
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40,000
Solar down
35,000 . 8,312 MW
B ‘ °  Imports up July 25,
30,000 —a 4,318 MW 2018 peak
‘ load:
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§ at 5:27 p.m.
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Natural gas down
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Low Solar Production Across Multiple Days =
Higher Reliance on Natural Gas and Imports

Typical solar days Multiple days of low solar
M 30-0?0 _ Max solar:
ax solar: 2 100 MW
8,900 MW
25,000
20,000
15,000
2
s
10,000
5,000
0
5/21/2019  5/22/2019  5/23/2019 1/14/2019  1/15/2019  1/16/2019
[ Solar B Wind M Imports [l Large hydro B Natural gas Geo/Biomass/Biogas B Nuclear
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solar will also
hinder short-
duration
storage ability
to recharge
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By 2030, Solar is Expected to Contribute Even Further
Towards Ramping Needs
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N
ISO November Evening Peak Ramp of 15,000MW / 3 Hour Ramp

11/08/2021 - Options = Download ~ (D
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Typical Fuel Shape for Gas Generation in a Renewables Environment
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Gas/Electric Coordination

« Qutage Planning
— Share outage planning with NDA-signed gas providers

« Communications
— Bi-weekly phone calls with gas maintenance planners
— Dally calls between Ops floors during peak demand periods

« Challenges
— Conflicting Peak Operating/Maintenance Seasons
— Traditional rules in a new Renewable World
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Gas/Electric Coordination in Real-Time

e Current Practice
— Providing gas burn reports for Day Ahead and Day+1 and D+2 EG
— Real-time notification if ISO dispatches high demand resources

« Real-Time Incidents

— Coordinate with gas pipeline providers to re-dispatch as needed to
mitigate real-time gas supply issues.

— Gas Nomogram and exceptional dispatch capabilities

« Challenges
— Short notice gas system maintenance that curtails a resource
— February 2014
— Current West-wide natural gas availability limitations
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N
Gas/Electric Coordination Improvements

« Adapting Current Technology
— Visibility
— Gas Electric Operational Zones
— Further Improving Communications

— Using Non-Disclosure Agreements for confidential
communications

* One LDC Tariff Allows Higher Prioritization of Critical Gas
Generation during Emergencies
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e
CAISO Resource Adequacy (RA) Overview

« Load Serving Entities submit Annual/Monthly Resource Adequacy
(RA) Plans to meet monthly peak load plus their planning reserve
margin

* Resources submit Annual/Monthly Supply Plans and CAISO
validates the capacity matches RA Plans

* Monthly plan capacity has a must offer requirement in CAISO Day
Ahead and Real Time markets

* Resource Adequacy Availability Incentive Mechanism (RAAIM)
penalizes availability below 94.5% and incentives availability above
98.5%
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Reliability Must Run (RMR) Agreement

« CAISO designates a resource for RMR service whenever a technical
study indicates a reliability need and/or a resource has provided a
notice of an intention to close the facility

« RMR Agreement provides for cost of service compensation based on
historical costs as specified in a defined formula

« RMR Resource has obligation to offer capacity into the CAISO
markets using cost of service bids and is subject Resource Adequacy
rules including RAAIM.
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