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Solar and wind attract 60% of new

iInvestment in power generating capacity

Investment, by technology, Investment, by technology
2017-2040 2017-2040 '

($ trillion - 2016 real)
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$10.2 trillion Nuclear

Hydro

Zero-

carbon
86% Gas
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Bloomb g New Energy Finan Source: Bloomberg New Energy Finance, NEO2017 Source: Bloomberg New Energy Finance ﬂ


https://www.bnef.com/core/new-energy-outlook

Source:
Forbes
Fortune 500
list, top ten
companies
by revenue

FOSSIL FUEL DECLINE: ONLY ONE OIL COMPANY
REMAINS IN THE TOP TEN LIST COMPANIES

1978 1988 1998 2008 2018

General Motors IBM General Motors Walmart
$3337.5M $5258.0M $178.17B $500.34B
IBM Ford Motors Walmart
$2719.4M $153.62B $378.48B
Ford Motors Berkshire Hathaway
$4625.0M $242 14B
Ford Motors Walmart Apple
$1672.8M $119.30B $229.23B
General Electric General Motors General Electric General Electric UnitedHealth
$1088.2M $3551.0M $90.84B $181.58B $201.16B
General Electric IBM General Motors McKesson

$2915.0M 78.51B $148.98B $198.53B

AT&T Chrysler Ford Motors CVS Health
$2044.0M $61.15B $145.11B $184.77B

DuPont AT&T Amazon.com
$1786M $124.03B $177.87B
Chrysler Altria Group Bank of America AT&T
$1290M $56.11B $75.70B $160.55B

Chrysler AT&T Citigroup, Inc. General Motors

$163.2M $53.26B $51.60B $157.31B
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Price of
renewables

continue to
decrease
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High Levels of Renewable Penetration Globally

25 December 2016 9 July 2015
13 Febél:jagy 2017 Scotland Denmark
153% wind % Wi
5204 wind 0 140% wind
/S 3 ;
9 April 2017 ) May 2016
UK 56% Germany
April 2019 wind & solar 67% wind & solar 26 December 2014
CAISO South Australia
100% hydro, wind 61% wind & solar

November 2015

& solar _
Spain
November 2017 70% wind
ERCOT

v
45% wind

Source: Bloomberg New Energy Finance, various



U.S.
Renewable

Resources

Achieving 100% Renewables
include:

Grid modernization
Storage options
Transmission
Behaviors/education
Resources
Cooperation

Biomass [ 2
Wind Tidal” e
ind I
Concentrating _ Resource Yiaws _
Solar Thermal Dark = Higher HVdFOPOWe: s A
Photovoltaics Light = Lower  Geothermal

Theoretical 155,000 GW (PV) 11,000 GW (onshore) 38 GW (conventional) 68 GW
Potential 38,000GW (CSP) 4,200 GW (offshore to 50 4,000 GW (EGS)
nm)

Transmission
Lines*
Voltage (kV)

100 - 160
——— 161-287
—— 288 - 500

501-DC
* Source: Ventyx Velocity
Suite, ©2011

": Does not include Alaska
or Hawaii

% Does not include Hawaii
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NEARLY 30% OF AMERICANS LIVE IN A COMMUNITY THAT
IS GOING 100% CLEAN ENERGY

WASHINGTON MONTANA IOWA MINNESOTA WISCONSIN ILLINOIS MAINE
2045 2050 2050 2045 - 2050 2050 2050 2050

COLORADO //// ///
i

2040
MASSACHUSETTS
‘y 2045
- 7 -
CALIFORNIA 1l / i, | _ CONNECTICUT
2045 / e 2045
/ / 11112
. NEW JERSEY
2035
NEVADA
2050 MARYLAND
2040
WASHINGTON DC
2032
100% Clean or Renewable
Energy Standards VIRGINIA
2036
. Legislation or Executive
Order Enacted FLORIDA
2050
[  Legisiation introduced
or Under Study
L J
/| Legislation Anticipated - A
‘> HAWAII NEW MEXICO TEXAS
Governor Supports 2045 2045 2050
PUERTO RICO
2050

Source: EQ Research Policy Vista™ Legislative Tracking Database as of March 15, 2019, California Energy States Alliance.
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California’s leaders are aggressively pursuing a low
carbon future.

» Aggressive renewable energy goals

33% by 2020 60% by 2030 100% by 2045

» Deep greenhouse gas (GHG) reduction goals

2020 Target 2030 Target 2050 Target
Reduce GHG emissions 40% below 80% below
to 1990 levels 1990 levels 1990 levels

* Robust electric vehicles goal: 5.0 million by 2030,
$2.5B investment in new charging stations

« 10,000 MW of distributed generation by 2021; 1.3 GW of
battery storage by 2024

Decarbonization is creating opportunities to develop a

high renewables and high DER energy service industry.
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CALIFORNIA CLEAN JOBS

California has Nearly
SXx 410
more clean energy jobs solar jobs in America
than fossil fuel jobs. are in California.

Source: AEE 2019 jobs study

Statewide, there were

512,934

jobs in the clean
energy industry in 2018.
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MORE 100,000
CALIFORNIANS 90,000 86,400
WORK IN THE 80,000
SOLAR INDUSTRY 70,000 -
THAN FOR ALL CA 60,000 - 56,8
ELECTRIC UTILITIES jg'ggg | -
COMBINED 30000
20,000 -
10,000 -
O _
Solar Jobs IOU/POU
Jobs
S 28

Solar Foundation, 2017 Solar Jobs Census

. U.S. Securities and Exchange Commission, Form 10-K, 2014
http://www.sec.gov/edgar/searchedgar /companysearch.html




Electric industry in the midst of unprecedented

change
- Driven by fast-growing mix of interrelated issues
FIRES
Existing Gas Storage
50% goal Challenges
NEW
100% Community
goal or Retail
Choice
Grid
Modernization Wil Regional
Collaboration

Consumer-owned
Power

Fossil Plant
Transmission & Retirements
Distribution
Systems Interface




California 1SO footprint is about 80% of California

= PacifiCorp

California ISO

Bonneville Power
- Administration (BPA)

Balancing Authority of
- Northern California (BANC)

I Turlock Irrigation District (TID)

[ NV Energy
Los Angeles Department of
- Water E(,:Ind Powper (LADWP)
NVE Western Area Lower
- Colorado (WALC)
" | Imperial Irrigation District (IID)

BANC
LADW‘

California 1SO

LADWP WALC *

,la 1SO - Public

&> California ISO

= /2,461 MW of
power plant
capacity (net dependable
capacity)

»50,270 MW record
peak demand (July
24, 2006)

= 31,208 market
transactions daily

= ~26,000 circuit-
miles of
transmission lines

= 30 million people
served

=239 million MWh
annually
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I
Average demand curve: March 2008 vs. March 2018

Average of CAISO's Load for 5 Consecutive weekdays --- 2008 VS. 2018

30,000
29,000
28,000
27,000
26,000
25,000
2 24,000
23,000
22,000 —-
Reduction in peak demand
21,000 is attributed to:
Drop in demand is » Energy Efficiency
20,000 primarily due to solar * New Technology
19,000 PV installation » Utility Savings Programs
’ » Customer usage
18,000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
=—CAISO Load 2008 ===CAISO Load 2018
o : :
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The duck turns 10 years old: Actual results are
approximately four years ahead of the original estimate

CAISO Net Load --- 2012 through 2020

28,000

26,000

24,000

22,000

20,000

18,000

Megawatts

16,000

Actual 3-hour
ramp of
15,639 MW
on 1/1/19

14,000

12,000

10,000

0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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Growth of renewables to achieve 60% by 2030 is
expected to be largely solar

Existing and Expected Renewable Build-Out Through 2030
35,000

30,000
25,000

20,000

MV

15,000

10,000

N IIIIIIIIIII

2008 2018 2030

=

m'Wind mSolar mGeothermal mSmall Hydro  m Biofuel



Solar production complemented the hydro production
during the drought years as compared to 2006,
which was a high hydro year

Hydro vs. Solar Production

6,000
5,000

4,000

ey
= 3,000
0
2,000
1,000 ||
0
caOags5x>2Es5220 29
SfP=<&3528028
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Hybrid energy storage projects in the interconnection
gueue are dominated by solar + battery configuration

Types of Energy Storage Projects Active in CAISO's Generation
Interconnection Queue (as of September 05, 2017)

Stand-alone storage Storage + Solar PV Storage + Wind

14,000

12,000

10,000

8,000

MW

6,000

4,000

2,000
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Behind the meter solar is expected to grow by
approximately 15,000 MW by 2030

25,000
-8 CED 2017 Revised High Demand
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IOUs’ NEM Solar Capacity by Territory and Location (As of March

31, 2018) All DER Technologies are in Play

2013

Demand Response 2,187
(MW)
Behind-the-Meter PV 2,102
(MW)

Plug-in Electric Vehicle 69,999
(PEV) (number of

registrations)
T B
i Energy Storage (MW)
B | ]
0 250 500 750 10
Microgrids (MW) 122

California Distributed Generation Statistics; accessed June 5, 2018. https://www.californiadgstats.ca.gov/charts/nem

2016/17

1,997

5,900

266,866

390

Percent Change

-9%

180%

281%

220%



On Sunday April 21, 2019 the CAISO experienced a
minimum net of 5,667 MW @ 14:37

Generation Breakdown ---04/21/2019 * Maximum
26,000 curtailment was
’ Net Export Net Load = Load -Wind -Solar 4,789 MW (31,989
24000 Renewables ! !
' Curtailment MWh) of
22,000 renewables
20,000 * Export as much as
2,000MW
18,000
16,000 * The 'CAISO '
continued to curtail
§ 14,000 solar during sunset
12,000 to help reduce the
3-hour upward
10,000 ramp
8,000 * Max simultaneous
6,000 wind & solar was
4,000 11,598 MW at 14:36
2,000
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
mmmm Nuclear = Geothermal/Biomass/Biogas === Thermal
mmmm Hydro === Net Import s Wind
Solar — = Curtailment
= Net Export e Total CAISO Load == = CAISO Net Load
O ol
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CAISO has seen an explosive growth in large-scale
battery storage capacity in the last five years

U.S. Large-Scale Battery Storage Capacity by Region, 2012

e |

38 MW

rest of United States
3.6 MW

40 MW
0.5 MW

AK/HI D

64 MW

> L -

Sources: U.S. Energy Information Administration, Form EIA-860M, Preliminary Monthly Electric Generator Inventory; U.S. Energy Information
Administration, Form EIA-860, Annual Electric Generator Report
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CAISO has seen an explosive growth in large-scale
battery storage capacity in the last five years

U.S. Large-Scale Battery Storage Capacity by Region, 2018

258.3 MW
rest of United States
100.7 MW

40 MW
0.5 MW

AK/HI . ”

85.7 MW

Sources: U.S. Energy Information Administration, Form EIA-860M, Preliminary Monthly Electric Generator Inventory: U.S. Energy Information
Administration, Form EIA-860, Annual Electric Generator Report
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Batteries in wholesale markets deliver value in
different timescales

Market Resource Adequacy Energy Energy Ancillary Services
Capacity markets (Day-Ahead) (Real-Time)
Delivery Window Years Hours Minutes Seconds
JOIN .
)'\/ ," l/ \)
- “ ‘ \ ! 4
Peak load firming Il‘ ‘"” |I
Daily Intra-hourly Frequency
dispatch adjustments control
Passive market Active markets

Additional use-cases will add complexity and value

R e 4 & e

Source: Bloomberg NEF (CAISO Symposium-2018)
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A Energy System based 100% on renewable
sources

_)l Industry

_>| Residential

\ Hydro |
Py Hydrogen
&_ production
S eMethan

. Geothermal |

-) | Storage I

Electricity

TR

Solar power
o o

Hydrogen
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Qe )

Collector
NG

&

s Fyel
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Eiall E
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Cogeneration

olar
\égcﬁltectury

_)I Commercial

Transport

]
Short-term
| storage |

(—
I

Medium-/
long-term
storage

Source: Harry Lehmann, 1996



4

/ Storage needed

Gravitational Storage Chemical Storage
H2 or eMethan (SolarMethan)

Quelle: KircherBurkhardtInfografik

Source H.Lehmann



Power to storage / power to power

 In a renewable system storage is necessary to ensure a stable supply of
electricity

» We need different storage solutions
» For short term to compensate daily/several days-fluctuation

v' Load management (Power to X - all sectors)
v’ Battery storage
v' Pump storage

» And long term to compensate weeks/months/years-fluctuation
v'Chemical storage:

renewable hydrogen storage (n=42%)
renewable methane storage (n=35%)

Quelle: KircherBurkhardtinfografik




Residual load (GW)

100% RE Germany Study of UBA
Different Storage Systems — EU and
Germany

Total residual load (with load management and pump storage) in the year 2050,

60— based on data from the meteorological year 2007 —
Defizite: 62 TWh
o= Uberschiisse: - 111 TWh

20

0
I (il I l |
AL i |
20 \
e B pumped Storage 7
‘ \ (today)
60— —
42 Mio. electric
0 pumped Storage vehicles (theory)
Norway (theory)
Uberschiisse: -110.9 TWh
-100{— Defizite: 62.1 TWh
Minimale Residuallast: -59.8 GW © Fraunhofer IWES 2010
Maximale Residuallast 54.1 GW [ Defizite (Last > EE-Einspeisung)
[ [ [ [ [ [ [ [ Il Uberschisse (EE-Einspeisung > Last)
5 2E?an Feb Mar Apr May Jun Jul Aug Sep Oﬁt Nbv Dlec

Monat
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Imports and gas-fired generation are being relied
upon to meet ramping and late afternoon peaks

* Increasing behind the
meter solar is also 50,000
pushing the “system
peak” to later in the
day, further muting 40000 o don
the capacity benefit | 8,312 MW

of grid-connected % Imports up
solar. Som ; 4,318 MW

July 25, 2018 peak load: 46,424 MW at 5:27 p.m.

45,000

* Example: gas was 25,000
: ) 3
available, but wind =

20,000
made an appearance

Natural gas down

and met part of the 15,000 2237 MW
need during declining
solar output.

10,000

5,000

12 p.m. 4p.m.-9p.m. 12 a.m.
M Natural gas M Imports I Solar B Wind B Nuclear M Llarge hydro [T Geo/biomass/biogas == Load
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California has a variety of advanced energy
storage technologies operating today

1)
2)
3)
4)
5)
6)
7)
8)
9)

Thermal Energy Storage with Ice

Vehicle-to-grid demonstration

Molten Sulfur Energy Storage Used for Back-up Power
Revolutionizing Grid-connected Energy storage
Integrated Solar Photovoltaic Energy storage

New Life for Electric Vehicle Batteries

Rechargeable Electrolytes

Capturing Wind

Lithium-lon Battery Supports Renewable Energy Integration

10) Hybrid Technology
11) Hydrogen — Electrolytic (Future under SB 1369)

“31 California ISO California ISO - Public
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Existing Storage in California

Electro  Thermal
] F
Chemical 1%

3%

lywheel
0%

Pumped Hydro: 4087 MW
Electro-chemical: 146 MW
Thermal: 28 MW
Flywheel: 2 MW

‘3 California ISO CaliforniaISO - Public Page 32
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The fleet of the future must provide essential

services traditionally provided by a conventional fleet

| Test _________|Performance

Ramping

Voltage

>
(@]
=
(D)
>
(op
o
S
LL
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Ramp its real-power output at a specified ramp-rate
Provide regulation up/down service

Provide reactive power support in various modes

- Control a specified voltage schedule

Operate at a constant power factor

Produce a constant level of MVAR

Provide controllable reactive support (droop setting)
Capability to provide reactive support at night

Provide frequency response for low frequency and high
frequency events

- Control the speed of frequency response

- Provide fast frequency response to arrest frequency
decline




A suite of solutions are necessary

Storage — increase the effective
participation by energy storage
resources.

Western EIM expansion —

expand the western Energy
Imbalance Market.

S

Regional coordination — offers
more diversified set of clean energy
resources through a cost effective
and reliable regional market.

Electric vehicles — incorporate electric
vehicle charging systems that are
responsive to changing grid conditions.

Demand response — enable adjustments
@ in consumer demand, both up and down,
when warranted by grid conditions.

Time-of-use rates — implement time-of-use
rates that match consumption with

efficient use of clean energy supplies.

Flexible resources — invest in fast
responding resources that can follow
sudden increases and decreases in
demand.

Renewable portfolio diversity — explore
i procurement strategies o achieve a more
b diverse renewable portfolio.

R
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Demand outlook . iiiiiiiaaiaiiiaaiiiiiiiiaaaiiiaaiiaccos

Global automakers are investing
billions in electrification

Electrification investments announced by selected automakers

.......................................

Billion USD

VW

Hyundai-Kia

Changan

Daimler

Ford

FCA

Source: BloombergNEF
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Electric vehicles will make up the
majority of new passenger vehicle
sales by 2040 Global long-term passenger vehicle sales by drivetrain

Million vehicles

..........................................
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Source: BloombergNEF
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Europe (EU-28) China California

Source: Next 10 California 2014 Green Innovation Index



The new “Low Carbon Circle”

a

The future is:
Digitized,
Decentralized,
Decarbonized,
Diversified and
Democratized

* = Opportunity
for Storage
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