Clean#Coalition

Making Clean Local Energy Accessible Now

Community Microgrids
Energy Storage Enabling the Modern Electricity System

Craig Lewis
Executive Director

Clean Coalition
650-796-2353 mobile
craig@clean-coalition.org

Making Clean Local Energy Accessible Now 12 June 2014
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Clean Coalition Objectives c/ ea.".%
Coalition

From 2020 onward, all new electricity
generated in the U.S. will come from at
least:

80% renewable sources
50% distributed sources

By 2020, established policies and
programs will foster successful
fulfillment of the above objectives
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The Modern Electricity System Coalition
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Coalition

The Dynamic Grid Council (DGC) establishes policy and market
structures that modernize the distribution grid through Distributed
Energy Resources (DER) like Local Renewables; Energy Storage;
Advanced Inverters; Demand Response; Monitoring, Communications
& Control (MC?), Forecasting & Curtailment; and “Grid Hardening”

Introducing the Dynamic Grid Council

The DGC also establishes DER market opportunities at full value.
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Electricity Systems have 3 Vital Grid Services

Power Balancing Capacity of real power (W)
Voltage Balancing Location of reactive power (VAr)
Frequency Balancing Speed of ramping real power (W)

The Duck Chart only addresses Power Balancing but Distributed Energy Resources
deliver unparalleled location and speed characteristics
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Is this Duck Real or a Decoy for Natural Gas?

Figure 2: The duck curve shows steep ramping needs and overgeneration risk
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Wholesale DG is the Critical & Missing Segment

Project Size

50+ MW

500 kW

5 kW

A

Retail DG

Serves Onsite Loads

FIA]

Wholesale DG

Serves Local Loads

Cleany
Coalition

Central Generation
Serves Remote Loads
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Behind the Meter
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WDG Delivers Scale & Cost-Effectiveness Fast

Solar Markets: Germany vs California (res + csi + other)

35,000
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20,000 -
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O Germany

15,000 -

Cumulative MW

10,000 -

5,000 -

Sources: CPUC, CEC, SEIA and
German equivalents.

2002 2006 2007 2008 2009 2010 2011 2012

Germany has deployed 12 times more solar than California in the last
decade despite California’s 70% better solar resource!!!
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German Solar Capacity is Small WDG (Rooftops)

German Solar PV Capacity Installed in 2010
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Source: Paul Gipe, March 2011

Germany’s solar deployments are almost entirely sub-2 MW projects on built-
environments and interconnected to the distribution grid (not behind-the-meter)
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Utility of the Future? “Distribution System Operator”

Coalition
The Distribution System Operator Future “Integrated Distributed” Electricity System
(DSO) will: (High-DER, Multi-directional energy flows & Multi-level optimizations)

In real time, reliably operate the
local distribution system, optimizing
all Distributed Energy Resources Balancing Authority/

(DER): micro-grids, diverse small- Transmission System Operator

scale generation, self-optimizing
customers, energy storage, power
flow control devices, demand
response, etc.

Create a more stable and predictable
interchange with the Transmission
System Operator (TSO) that relies on
more local balancing of resources

Source: 21st Century Electric Distribution System Operations, May 2014, by Lorenzo
Kristov of CAISO and Paul Di Martini of the Caltech Resnick Institute
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Potential Transmission Savings for California "
Coalition

_ Transmission Access Charges (TAC)

4
Business as Usual 20 Year
3 Levelized TAC = 2.7¢/kWh
2.7

Potential Avoided Transmission Costs
$80+ Billion over 20 years for CA ratepayers

Cents/kWh
N

$

Current TAC
Rate (TACO) = 1.5¢/kWh

TAC, O&M Level

1 2 3 4 5 6 7 8 9 10 1M1 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Year

Business as Usual TAC Growth mmmm TAC, Depreciated Avoided TAC Opportunity from DG
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Opportunity: Shift Costs from Transmission to Distributed E®/[=F]1s] /
Energy Resources & Distribution Grid Hardening Coalition

Under a business as usual scenario, new incremental transmission investments will
reach $80 billion over the next 20 years, imposed on California ratepayers

Levelized over 20 years, this approaches 3 cents/kWh — or roughly 25% of the
wholesale cost of electricity, or 33% of the energy price of centralized solar

Avoiding half of these charges, for example, would free up roughly $40 billion for

modernizing the distribution grid incl. local renewables, storage, etc.
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Community Microgrid Initiative: Proving the Clean/
Feasibility of High DG while Enhancing Grid Quality Coalition

Work with five utilities across the US to deploy a Community

Microgrid demonstration project at each by yearend-2016

Prove viability of
Distributed Generation
(DG) providing at least
25% of total electric
energy consumed within
a single substation grid
area

Integrate Intelligent Grid (1G) solutions to ensure that grid reliability
is maintained or improved from original level

|G solutions include diversity and Energy Storage for sure, and
potentially, advanced inverters, forecasting & curtailment, and/or
Demand Response

Making Clean Local Energy Accessible Now 14



Cleany/

Virgin Islands Example: Island of St John Coalition

6AM:
No PV impact

Noon:
20MW PV causes

overvoltage

Noon:

Advanced
inverters set at
0.9 power factor
stabilizes voltage

K ol

-
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St. John Role for ES: Keep Fossil Generators OFF Clea.n.%
Coalition

MW AC MW DC MW AC | 15 min 30 min 60 min
Feeder 7E 3.5 4.9 2.0 S2.4 S3.6 S5.58
Feeder 9E 4.8 6.7 3.0 S3.6 S5.5 S8.37
Water
Plant 2.1 2.9
Feeder 7E
& 9E 8.3 11.6 4.0 S4.8 S7.28 $11.16
Feeders 7E,
9E & WP 10.4 14.4 5.0 S4.8 S9.1 $13.95
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The California ISO Duck Chart (2012 — 2020) ngg%) ;

CAISO Net Load --- 2012 through 2020

27,000
25,000 /\
23,000
—2012
( 13,100 MW \> / PO
21,000 5-8pm —2014
—2015
§ 19,000 - —2016
—2017
17,000 e 2018
‘ /7 s
15,000 5,300 MW \ Potential ~—2020
8-11am \V over-generation
13,000 ‘/‘
11,000

0 1 2 3 4 S 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Making Clean Local Energy Accessible Now 17



CAISO Duck Chart (2020 Issues) Cc’gj%) :
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Flattening the Duck — Import/Export

Load & Net Load (MW)
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Need to study how much California can export, expected pricing,
and whether additional regional coordination is advisable

Making Clean Local Energy Accessible Now

Cleany

19



Flattening the Duck — Demand Response
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California set a target of 1.5 million electric vehicles by 2025,
representing an additional load of 10,000 MW
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Flattening the Duck — Energy Storage

Coalition
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California set a target of 1.325 GW of new cost-effective storage by 2020
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Flattening the Duck — Curtail Solar Clean%
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Can also curtail baseload by scheduling maintenance during shoulder months
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Flattening the Duck — Aggregated Solutions

Cleany
Coalition
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The reflected aggregated solutions include imports/exports,
demand response, energy storage, and solar curtailment
23
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Replace SONGS - DG/Storage + Advanced Inverters Cl €an %
Coalition

LKL

1 b b S -

$80 million 800 MW of DG solar + storage with advanced
2 Synchronous Condensers inverters, oversized by 10% set at 0.9 Power
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Distributed Voltage Requlation — Location Matters L/
g g Coalition

“The old adage is that reactive power does not travel well.”

Oak Ridge National Laboratory (2008)

250

200 |
_ —— REACTIVE LOSS
c | ...
€ ol REAL LOSS
S
s
2 100 |
(1
=
S 50
& 230-kV line 345.kVline
a2 T T )
o o ——/ Il I I 1 1 1
-

50 |

100

0 100 200 300 400 500 600 700 800

. LINE LOADING (MVA)

Figure 1-1. Transmission line absorption of reactive power. Source: Oak Ridge National Laboratory (2008)
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Hunters Point Community Microgrid Project Coalition

Overview

Innovative project in the Bayview-Hunters
Point area of San Francisco, in
collaboration with Pacific Gas & Electric

Model for achieving 25% of the total
energy consumed in the area from local
renewables, while maintaining or
improving grid reliability and power
quality using dynamic grid solutions

The Hunters Point substation serves
~20,000 customers (about 90%
residential, 10% commercial/industrial)

26
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Get 25% of electric energy consumed within Hunters Point substation

(Bayview and Hunters Point neighborhoods) from local renewables
while at least maintaining grid reliability and power quality

Hunters Point Project in San Francisco
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Hunters Point Reasonable DG Potential = 58 MW, Over Clean/
25% Total Energy Coalition

DG Potential: Over 25% of Total Load (320,000 MWh)

* New PV in Bayview = 30 MW, or 46,000 MWh
* New PV in HP Redev Zone = 20 MW, or 32,000 MWh
* Existing DG =8 MW (PV equivalent), or 13,000 MWh

=
(Avg. MW) | (Annual MWh)
New PV: Commercial + MDUs 14 21,000
¢ New PV: Residential 13.5 21,000
New PV: Parking Lots 2.5 4,000
New PV: Redev Zone 20 32,000
Total New PV 50 MW 78,000
Existing PV Equiv. 8 13,000

* Includes 2MW biopower from
wastewater plant @ 60%
capacity

Total DG Potential: 58 MW 91,000
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Hunters Point Economic Benefits from 50 MW New DG

Economic Benefits

S$200M: Added regional economic stimulation

S100M: Added local wages, near-term plus annual
1,270 Job-Years: New near-term regional employment
520 Job-Years: New ongoing regional employment
S10M: Site leasing income for property owners

S$5.8M: Added construction-related state sales taxes

Source: NREL JEDI calculator. Based on average installed cost of 52.75/W(dc) before taxes & incentives using PG&E rates/region.
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v

Hunters Point Project Deliverables

Identified 50 MW of new PV potential: commercial, residential, parking lots
DG Survey . Existing DG includes 2 MW wastewater biopower (6.5 MW PV equiv.)

. * DG Economic: $200M in local stimulus, $100M going to local wages
Benefits . pg Environmental: 78M Ibs. of GHG eliminated per year, 15M gallons of
Analysis water saved per year, 375 acres of land preserved

v

* Model of existing powerflow, validated by PG&E 2Q 2014
Model
< . * Optimal mix of DG, dynamic grid solutions, and physical locations
Optlmlfed * Cost-optimized scenarios 3Q 2014
Scenarios
\ 4 » Standardized reports, modeling, and methodologies, setting the stage for
implementation (Phase 2) and industry-wide scalabilit
Results P ( ) Y Y 4Q 2014

* Streamlined & scalable procurement & interconnection

L Baseline * Required data sets and circuit model from PG&E

almmy GEmmy Gy ey e
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Peek at the Future of Bayview-Hunters Point

h

'lh.-‘r‘k

Ecoplexus project at the Valencm Gardens Apartments in SF. ’”800 kW serving “80/ of the total annual load.
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The German power system, which incorporates enough rooftop solar to meet
half the country's peak energy needs, set a global reliability record in 2011.

Renewables + Intelligent Grid Solutions = Reliable

60% -
54%
a5% - 2012 Solar PV Capacity as %
of Peak Demand
30% - 30%
15%
15%
: 5% 5% e
RES B B N )
USA New Califomia  Arizona Spain Italy Germany

Jersey

Source: Union of Concerned Scientists, SEIA 2013
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Natural Gas Has Integration Costs c/ ea."/
Coalition

Natural gas plants often shut down unexpectedly, forcing energy consumers to foot
the bill for reserves and frequency response.

CAISO Jun 15 through Sep 30, 2012 Weekday Generation Outages

by Type at Time of Peak
12,000

10,000

—

o

g ‘ Source: CAISO Summer
= 5,000 PHERHFRHRHREIEY Loads and Resources
3 Assessment (2013)
.‘t_‘
3 6000
c
il
2 4,000
()]
) ‘ | |
8
3

7/24/2012
9/11/2012
9/20/2012

mFORCED mPLANNED & Within 90% of ISO Peak Load

More than half of the outages associated with conventional generation are unplanned
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Natural Gas Is Not The Solution C’eaf’/
Coalition

Future generations will be asking what we were thinking (or smoking). You
allowed massive quantities of toxic chemicals to be injected into the earth, and to
contaminate ungodly volumes of water, in pursuit of a highly flammable gas that
would be routed through your neighborhoods and into your homes?! WTF?

2010 San Bruno natural gas pipeline explosion
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Natural Gas Is Not Reliable Cleany

Coalition
F.{ FLEX &> California ISO
Shaping a Renewed Future

FLEX;:ERT.ORG A L E RT 250 Outcropping Waprslsom CA 95630
FOR IMMEDIATE RELEASE Contact: Stephanie McCorkle or Steven Greenlee at (888) 516-NEWS
February 6, 2014

STAGE 1 EMERGENCY ISO issues statewide Flex Alert

Operating reserves forecast Electricity conservation needed due to natural gas

to fall to between 7% - 6% shortage curtailing fuel supplies to power plants

STAGE 2 EMERGENCY
Operating reserves forecast
to fall below 5%

A shortage of natural gas triggered by extreme cold weather in much of the
United States and Canada is impacting fuel supplies to Southern CA power
plants and reducing electricity generation. The California Independent
System Operator Corporation (ISO) is issuing a statewide Flex Alert for
today, February 6, 2014.
Operating reserves forecast
to fall below 3% While the natural gas shortage is only impacting Southern California power
plants, statewide electricity and gas conservation will help free up both
electricity and gas supplies for Southern Californians. Customers in both
TRANSMISSION EMERGENCIES Southern and Northern California are asked to reduce their energy
use between 1:00 p.m. until 10:00 p.m.

Declared when local voltage
levels are at risk due to sudden .
power line outages or when fires Today Thursday, February 6, is a Flex Alert Day!

threaten the arid.
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Hunters Point Solar LCOE is less than CCNG C’ea!’/
Coalition

500 kW Solar achieves lower LCOE than new natural gas generation —
Hunters Point average expected commercial size = 650 kW

System size Installed cost Initial output 20 year fixed LCOE
(example only) $/W(ac) kWh(ac)/kW(ac)-yr
PPA price
1 MW ground $3.50/W 2,305 15.35¢/kWh 13.00¢/kWh
o 1 MW roof $2.85/W 1,823 16.36¢/kWh 13.86¢/KVw.
<
6' 500 kW roof $3.15/W 1,823 17.65¢/kWh 14.95¢/kWh <
\. i
v 100 kW roof $3.50 /W 1,823 19.03¢/kWh 164241 vn
50 kW roof $3.75/W 1,823 20.38¢/kWh 17.26¢/kWh
5 kW roof $4.60/W 1,823 24 .37¢/KWh 20.64¢/kWh
v
=
§ T TetalCosts) 550 MW CCNG Annual Fixed and Variable Power Plant Costs Busbar wholesale cost
n ? | ——variable $/MWh from plant
250 - Cost
e T D 2015: $11.7 ¢/kWh
7— /
o [P0 costs — 2024: $17.1 ¢/kWh
é $150 7 — — 2034: 521 7 ¢/kWh
) $100 — e
S| 50 [ — LCEO: $15.4 ¢/kWh
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Year Source: CEC, 2010
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: : NN Clean/
Zero Net Energy is Key Driver for Smart Buildings Coalition

“Big Bold” Goals for ZNE in California

All new commercial construction
will be ZNE by 2030

2 50% of existing buildings will be
&= retrofit to ZNE by 2030

All new residential construction
3 in California will be ZNE by 2020

The California Efficiency Strategic Plan (Sep
2008) californiaenergyefficiency.com/docs/
EEStrategicPlan.pdf

Exploratorium | San Francisco, CA
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Guided Siting: Locational Value, Interconnection

Coalition
SCE Share of 12,000 MW Goal
$5,000
Total: 4,527 .
$4,500 * Locational Value
Agzregate Transmission Cost
P methodology should
m Agzregate Distribution Upgrade Cost inCIUde transmission
$3,500 Costs.
M Agzregate Interconnection Cost
$3,000 $3,214 .
* Interconnection
$2.,500 . .

Total: $2,144 policies should favor
$2,000 high value locations,
— 51,000 reduce cost

uncertainty for
51,000 developers.
S500
SO
Unguided Case Guided Case

Figure 8: Total SCE System Costs of LER Proposal (Million USD)

Guided Siting Saves Ratepayers 50%
Source: SCE Report May 2012
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Import/Exports — Transmission Not the Issue

Coalition
2012 Summer Weekday Peak Load and Imports | 2012 Peak Daily
ISO Imports =
~11,500 MW
~45 000
L 42,000
L 39,000
L 36,000
L 33,000
L 30,000
«~—— SP26 Peak L 27,000 §
+ 24,000
+ 21,000 9
wn 18,000
1 15,000
. A ,'t" 1 12,000
VEATAN S SR e 4 + 9,000
A/ tas\, \ <l )
T T T T =y T 1 6,000
1 3,000
85§ §SE§SREEEEesgs8§8gsszg88
=== SO Imports === SP26 Imports
=== NP26 Imports == | SO Load
© Demand is within 90% of Annual Peak w——SP26 Load
s NP 26 Load

Source: CAISO 2013 Summer Loads & Resources Assessment (May 6, 2013)
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Advanced Inverters — Reactive Power

Advanced Inverter at 0.9 Power Factor = 43.6% reactive power

REACTIVE (Q)
P: Real power (kW)

Q: Reactive power (kVAr)
S: Total power (kVA)

43.6%

REAL (P) 100 kW solar PV AC power

100 kVA inverter capacity
0.9 power factor

43.6 kVAr reactive power
90 kW real power
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Advanced Inverters — Reactive Power (Oversized)

REACTIVE (Q) P: Real power (kW)
Q: Reactive power (kVAr)
S: Total power (kVA)

‘ Q 100 kW solar PV AC power
= 45.8% 110 kVA inverter capacity
0.9 power factor

45.8 kVAr reactive power

100 kW real power

REAL (P)

43
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Regulation: Faster, More Accurate Solutions !
Coalition

|deal flexible resources should look like storage, not natural gas —
faster, more accurate, cleaner, and full capacity to dispatch and absorb power.

. I Flywheel Storage
Conventional Spinning Generator

450 20
I —Flywheel Energy Storage Output
|, | ' 1554 -~ -AGC Command
I I| | i 10
400 A || .
s 1l ﬂ f N 4 A Pa 2
§ 1| ' (NGt e vy S
=
Saso] 1 3
& ' =
@ ] a
@ f 5
O N i
S - = AGC Command -10
= Actual Generator Output -15
250 : , 5
6:00 7:00 8:00 200 6:00 PM
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Advanced inverters have been programmed to deliver reactive power in Germany
and Georgia Power’s territory.

Advanced Inverters Keep Voltage in Balance

t Proposed changes to IEEE 1547a and UL standards will allow advanced inverters to

provide reactive power for voltage regulation in California.

Inverter Volt-Var Control

Voltage (pu)

Baseline—No PV ———

o
1=}
a

0.9

Hour Source: EPRI (2011)
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Flattening the Duck — Demand Response Coalition

How DSM can help with the “duck curve” — Part 2

Even in spring and winter “duck-

A Duck: The Highest 3-hour Ramp-Up in the Year (Dec.6) like days”’ DSM can help:

Rl 1. Increasing consumption in the
o I A A O middle of the day, or when there
#5000 - is surplus and potential overgen
PP N A O O (reducing the belly of the duck),
om0 - LLL 1] 2. Reducing the neck of the duck
o | (the peak), or
20000 - 3. 1) + 2)
1500 - 4. DSMincluding DR, EE, PLS,
100 | Rates, DG, EVs, etc. can
s | change the load shape and thus
' the “duck”

12345678 910111213141516171819202122123 24 5 pG&E iS conducting StUdieS tO

better characterize non-summer

Source: PG&E and CPUC meeting 12/11/2013 load opportunities
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German Solar Pricing Translates to 5 cents/kWh

Coalition
Under 10 kW 0.145 0.1903 0.0762
10 kW to 40 kW 0.138 0.1805 0.0722
40.1 kW to 1 MW 0.123 0.161 0.0644
1.1 MW to1l0 MW  0.101 0.1317 0.0527

Source: http://www.wind-works.org/cms/index.php?id=92, 10 September 2013

Conversion rate for Euros to Dollars is €1:$1.309

California’s effective rate is reduced 40% due to tax incentives and
then an additional 33% due to the superior solar resource

Replicating German scale and efficiencies would yield rooftop solar at only
between 5 and 7 cents/kWh to California ratepayers
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Flattening the Duck — Curtail Baseload Clean%

Base Load Scenario
30,000
28,000
26,000 c
Net Load 2020
24,000
22,000
20,000
18,000 N Regulation Down
= 16.000 Load Following Down
2 bl
14,000 Minimum Dispatchable Thermal & Hydro Resources
Small Hydro (RPS)
12,000 Imports (JOU & Dynamic Schedules)
10,000
Nuclear
8,000
QFs (Geothermal)
6,000
QFs (Gas)
4,000
2,000 QFs (Biogas, biomass, waste, 0il)
0

00:0001:0002:0003:0004:0005:0006:0007:0008:0009:0010:0011:0012:0013:0014:0015:0016:0017:0018:0019:0020:0021:0022:0023:00
i Oth QFs = Gas QFs = Geothermal = Nuclear = jmports mmmm S _Hydro = CCGT & Hydro == LF Down © Reg. Down sssssNet Load

Figure 5: Potential Overgeneration Conditions — March 2020

Source: CAISO/NERC variable resources integration report (Nov 2013)
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Import/Export Assumptions

27,000 CAISO Net Load --
25,000 Typical March Day 2020 .
> X
23,000 o
E ] \
21,000

© 2,000

- (4,000

o .

s . esscsce,
S 19000 e LA A SNAA LTI T Ao
— L]
§ ..'00.

17,000 -
1}
4
E 15,000
-

15000 '.0oo~. o*

.....00..‘.
11,000

- (6,000)

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

w2020 Net Load ¢ & * 2013 Net Load

@==  |mport/Export * * * *QOriginal 2020 Net Load
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16,000

© 14,000

- 12,000

10,000

© 8,000

- 6,000

4,000

(2,000)

Mitigations (MW)
Net Load 1& 3 hr Ramps (MW)

(8,000)

Cleany

Coalition
-= Exp
+=1mp
ToD Import/Export
0:00
1:00
2:00
3:00
4:00 500
5:00 1,000
6:00 500
7:00 -
8:00 500
9:00 -
10:00 (500)
11:00 (1,000)
12:00 (1,000)
13:00 (1,000)
14:00 (1,000)
15:00 (2,000)
16:00 (2,000)
17:00 (2,000)
18:00 500
19:00 -
20:00 500
21:00 1,000
22:00
23:00
Total Net:” (6,000)"
Max: 1,000 '
Min:” (2,000)’
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Demand Response Assumptions

Coalition
ToD DR
0:00
1:00
, , 2:00
270 CAISO Net Load -- 1000 3:00
o= 000 Typical March Day 2020 [ 14,000 :
g ..:... :.... - 12,000 4-00
s ® S 5:00
23,000 ~ d 10,000 600 750
21,000 | % \ 8000 7:00 .
- 6000 8:00 500
g 19,000 .‘. O.."...........="00..". 4,000 § 9:00 =
~— . ° e o T; .
§ 17000 ..‘ooooo.’. "’ng - 2,000 §E- 10-00 -
5 —— o =& 11:00 (200)
4 - aes a» a» o c = .
o 15,000 {2,000) § : 12:00 (M)
B % o 13:00 (600)
§ - (8000 £ 5
13,000 = = g 14:00 (800)
L s aee™ - (6000} G 15:00 (800)
11,000 (8,000) z 16:00 (800)
0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
17:00 (700)
18:00 (600)
12020 Net Load ® ®* 2013 Net Load 19:00 2,250
20:00 2,000
@ @=Demand Response  * * * *QOriginal 2020 Net Load 21:00 1,000
22:00
23:00
Total Net: ” 1,600 |
Max: 2,250 '
Min: " (800) '
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Energy Storage Assumptions

- =Charge
+=Gen
ToD ES
0:00
7o CAISO Net Load -- o 1:00
- 14,000
15200 Typical March Day 2020 : 2:00
[ 12,000 3:00
23,000 10,000 4:00 (250)
- 8,000 5:00 (500)
21,000 :. | ¢.000 6:00 250
' s 7:00 500
3 200 T8 9:00 -
é 17 = .- o g5 10:00 -
4 g = .
d 15,000 (2,000) % : 11:00 -
'§ £000) gg 12:00 -
- [ ’ S .
13,000 = '§ 13:00 -
- (6,000) % 14:00 -
11,000 8000) = 15:00 (500)
0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 16:00 (1'000)
17:00 (750)
S—2020 Net Load ® ** 2013 Net Load 18:00 =
19:00 1,500
20:00 750
“% ““Energy Storage * * *» *QOriginal 2020 Net Load 21:00 ;
22:00
23:00
Total Net:” -
Max: 1,500

Min:” (1,000)
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Curtailment Assumptions

27,000
CAISO Net Load --
25,000 Typical March Day 2020
23,000
L}
L
A
21,000 o

- 2,000

© (4,000)

L J

E 19,000 .. K YL T e’
.§ .00....,.00000..

17,000
v \
z
% 15000
3
e~ )

13,000

11,000

- (6,000)

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

w2020 Net Load

e Curtailment
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¢ ® % 2013 Net Load

® * * *QOriginal 2020 Net Load

16,000
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© 12,000
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- 8,000

~ 6,000
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(2,000)

Mitigations (MW)
Net Load 1& 3 hr Ramps (MW)

(8,000)
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+=Gen

ToD

Curtailment

0:00
1:00
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17.00
18:00
19:00
20:00
21:00
22:00
23:00

Total Net:”
Max: r
Min:”

(750)
(750)

(1,500)
(750)
(750)
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Power Quality, Reliability & Resilience
benefits
Increased customer satisfaction
Improved equipment longevity

Sustained vital services in otherwise complete
blackout scenarios
Avoided transmission & central generation
vulnerabilities

Economic benefits
Significant private-sector investment
Substantial local job creation
Fixed electricity prices for 20+ years
Localized energy spending
Avoided inefficiencies of central generation &
transmission

Environmental benefits
Avoiding dirty power generation, including nasty
peaker plants that are often sited in underserved
communities
Utilizing built-environments and disturbed lands for
generation projects

Preserving pristine environments from
transmission lines and other infrastructure

Benefits of Modernizing the Grid
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The Fossil Free Future is Arriving Coalition

Coliforria_ -
FSL FREE

dmv.ca.gov
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