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The California ISO: One of nine grid operators in North Amerdc:
2/3 of the U.S. is supported by an ISO

£ One of 38 balancing
authorities in the western
interconnection

£ Uses advanced technology s
to balance supply & \

demand every 4 seconds A e Eland

£ Operate markets for
wholesale electricity & |
reserves ) g i Southwest | 08

i Power Pool|

>
s~ New York ISO

v PJM X
; | Interconnection

£ Manage new power plant
interconnections

Electric Reliability

Council of Texas

£ Plan grid expansions



Electric industry in the midst of unprecedented change
- Driven by fagsirowina mix of interrelated issues

Fossil Plant Revenues:;
Retirements

60% Renewables

Community Choice
and/or Retall
Choice

Consumerowned
Power

Grid

Modernization

Transmission &
Distribution Systems
Interface

Gas Storage
Challenges

Regional
Collaboration
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Regulatory agency  Regulatory Coordination Example of coordination

with the 1ISO

Resource adequacy, Integrated Resource adequacy,
Resource Planning, Transmission Project,
Transmission siting, Demand response,
Demand response, Gas Storage and utilization

Gas company regulation

Demand forecasting and Demand forecast used in
generation siting CAISO Transmission Plan

13 4
ENERGY COMMISSION
- ~— ‘

K%\\—\\ Greenhouse gas (GHG) GHG emissions

CALIFORNIA regulation
cnur—onm.\v .
gl Develops policy for Once-through cooling (OTC)
State Water Resources Control Board COO“”g Wa.ter Intake retlrement

structures
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California approves goal for 100%
carbon-free electricity by 2045

0 BY ALEXEI KOSEFF
akoseff@sacbee.com
Q September 10, 2018 10:32 AM
Updated September 11, 2018 07:06 AM

Ahead of a summit this week meant to galvanize regional action on climate change, Gov.
Jerry Brown on Monday signed legislation that would put California on the path to

eliminating fossil fuels from its energy sector.

Senate Bill 100 speeds up the state’s timeline for moving to renewable energy sources like
solar and wind, and requires that all retail electricity be carbon-free by 2045. California is
the second state to adopt such a goal, after Hawail.

“It’s not going to be easy. It will not be immediate. But it must be done,” Brown said at a
signing ceremony in Sacramento. “California is committed to doing whatever is necessary to
meet the existential threat of climate change.”
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Cali forniados | eaders are aggre

£ Aggressive renewable energy goals

33% 02020 ] =D 6006 by2030 | =D 100% by2045

2 Deep greenhouse gas (GHG) reduction goals

2020Target 2030Target 2050Target
Reduce GHG emissions t E> 40% below ‘:> 80% below
1990levels 1990levels 1990levels

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

A 10,000 MW of distributed generation by 2021; 1.3 GW of
battery storageby 2024

Decarbonization is creating opportunities to develop a high

renewables and high DER energy service industry.



Maj] or progress o0on meeting

i Currently installed: ISO renewable resource mix (oct 2018)
22,000 MW of largescale renewables Solar 11,863
+ 6,000 MW of rooftop solar = Wind 6,467
28,000 MW Small hydro 1,238
- Geothermal 1,785
£ Additional renewables by 2030: i alionel 1,002
3,300 MW for 50% RPS *
+ 11,400 MW of consumer rooftop solar ** )
14,700 MW W -\ /

*2018 CPUC IRP

£ Approx.42,000 MWinstalled renewables by 2030
A 2018system peak range
24,553 MW - 46,424 MW

Renewables and emissions reports:

http://www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.aspx#Morgt F\/Resnewable



http://www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.aspx#MonthlyRenewables
http://www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.aspx#MonthlyRenewables

Growth of renewables to achieve 60% by 2030 is expected

to be largely solar

Existing and Expected Renewable Build-Out Through 2030
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Distributed energy resource growth is transforming our energy

supply and how the grid functions.
Behindthe-Meter

Estimated behind the meter solar PV build-out
through 2021

Estimated Behind the Meter Solar PV Bulld-out Through 2021
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Ambitious State Government Mandates

ASt ate Law aimed to reduc
(GHG) emissions to 40% below 1990 levels by 2030,
80% below 1990 levels by 2050.

ANew State Law (Sept. 10, 2028) established the goals
of 30% of the electricity sold in California from

renewable energyral carbon free resources by 2020,
60% by 2030, and 100% by 2045.

AGovernords 02010 Clean E
20,000 MW RE by 2020 (8,000 MW large RE, and
12,000 MW distributed energy resources, and create
a half a million new jobs.



Substantial Progress Made and on Track to
Achieve the RE Goals

Progress(asfo 2017) Towar d Mc¢
RE Goals

S— |
32% PROGRESS 33% GOAL 50% GOAL
(2020) (2030)

Source: California Energy Commission July 2018 Tracking Report



RE Capacity Installed in California by Technolog
Type(source: CEE

Total Estimated Capacity: 29,050 MW

Biomass
1,400 MW  Small Hydro
5% 1,700 MW
6%

Geothermal
2,700 MW
9%

Solar
17,550 MW

60%




Composition of 29,050 MW RE capacity

£17,305 large scale RE (excluding
hydropower plants > 30 MW)

£11,720 MW distributed RE (< 20 MW),
Including about 6,700 Net Metering Solar PV
Installations

Source: CEC



RE Froduced In Calliornia by Iechnology lype

2017/ (source: CEEC
2017 RPS-Eligible Generation: 81,000 GWh

Biomass
7,000 GWh
9%
Small Hydro
6,500 GWh

8%
Solar

29,000 GWh
36%

Geothermal
13,000 GWh

16%

Wind
25,500 GWh
31%




Substantial Increases of Solar and Wind Pow
In California in the Past Few Y e@uvsrce: CET
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Substantial Increases of Laigeale Solar PV and
Wind Capacity in California in the Past Few Year

(snurca: CER
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Rapidly Falling Solar PV Energy Prices Everywh
in the U.S(source: DOE, LBL
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Net Metering Solar PV Installations in California A
Rapidly Increased in the Past Few Y@anse: CEY
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2017$/Wpe

Installed Costs of Small Net Metering Rooftop Solar PV Fallir
Dramatically (source: DOE, LBL)
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New Requirements for Rooftop Solar PV for All
New Homes

AOn December 4, 2018, California Building Standards
Commission adopted a new building code recommende
by California Energy Commission requiring rooftop solal
PV for all new homes and apartments (8rges or less)
built after January 1, 2020.

AThis new code will help minimize strain on power grid
during the afternoon peak periods, contributing to
power grid reliability.

Alt is estimated that the average rooftop solar PV will cos
about $9,500, to be dfet by $19,000 in energy savings
over a 30year period.



AThe increase in rooftop solar PV installations will grow
even faster in the future.

Creation of Clean Energy Jobs in Californi

AClean energy currently employs more than half
a million Californian® according toClean
Jobs California Report, 2018.

ACurrently more than 2,000 solar companies
(manufactures, installers, contractors, vendors,
& service companies) in California.

AClean errgy jobs expected to continue a rapid
growth in California in the future due to
Increasing RE expansion



Example New RE Job in California
Solar Maid® Solar PV service companies




Key Factors Contrib
RE Penetration

AStrong and coordinated regulators

Alnnovative regulations and electricity rate
setting to address ut.
technical concerns on developing and
procuring more RE resources, espaty
variable generation solar PV and wind power

AStrong government financial incentives to
attract RE investments by developers and
electricity end users



1111111111

Strong and Coordinated Regulators

ACalifornia Public Utilities Commission (CPUC)
directs and closgloversees investeowned
utilities (e.g., Pacific Gas and Electric Company
- PG&E) to procure renewable energy (RE)
resources and achieve the Government RE
goals.

ACalifornia Energy Commission (CEC) to
oversee public owned utilities (e.g., Sacramento
Muniapal Utility District- SMUD) to meet the
Government RE goals.

Ut i1 1l 1 t1 esd® Concerns abou
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Customer RE Self Generation (rooftop so

AUtilities are typically reluctant to promote |

ar PV)
PP REs

or net metering RE systems, concerning a

DOUL:

| Sales and profit losses or cost of service increases

caused by reduced electricity sales

| Potential adverse impacts on grid reliability and
stablility, espaally variable generation solar PV and

wind power

I Potential financial and technical problems of the
existing conventional power plants as their
production would be reduced by increasing RE



generation (e.g., effect on existing takepay
PPAS)

Addressigt 1 | 1 t 1 es 0 fI nancli
electricity sale volumes and revenues caused [
customer RE self generation (rooftop solar PV)

ARegul ation to decoupl e
volumes

| Energy Cost Recovery Account (ECRA)
annual balancing: Utility recovers actual
costs of fuel and purchased power, but do
not earn a rate of return on these costs.
The costs are forecast for the year ahead. If
the actual costs are lower than forecast,



thenthe utility gives money back, and vice
versa.

I With ECRA, reduction in sale volume and
revenue caused by customer self generation
would not affect wuti|

Addressing utilitieso
Impact from variable generation solav and wind
power

ARegulations to ensure interconnection of
iIntermittent RE generation plants will not create
adverse impacts on the reliability, stability and power
guality of power grids:



I Generator interconnection procedures &
Interconnection system impact study
requirements

I Generator interconnection agreements
stipulating all interconnection technical and
operation requirements, and cost responsibility
for system upgrades (if any)

Address ng Ut i1 |l 1 t1 es0 Cor
Existing Power Plants and Tage-Pay PPAs

APower Charge Indifference Adjustment (PCH)
customers deciding not to purchase power from
utilities must pay a PCIA fee (i.e., exit charge)

1111111111



I PCIA Is designed to cover litii t 1 es 0O coO
plants originally built and PPAs secured to serve
customers. If customers depart, the PCIA woul
prevent remaining custoc
financial obligations incurred to serve the departir
customers.

ACustomerd generator applying for net metering
paysi Generator < 1 MW: onetime
Interconnection fee

I Generator > 1 MW: one time interconnection fee +
costs of all transmission/distribution upgrades (if

any)
Addressing the financial barriers to RE deployment

1111111111



Aln the past, RE was more expensive than
conventional power, government incentives
were provided to overcome the financial

parriers to RE deployment in the initial

phase

Aln the past few years, the RE prices have beet
falling as the RE industry has been establishe:
and expanding, government financial
iIncentives will be phased out.

AKey Federal Government RE incentives: RE
Investment Tax Credit (30% of total




Investment costs or RE Production Tax
Credit (credits for KWhs produced in the
first 10 years)

Addressing the financial barriers to RE deploymz
(cont 0d)

AKey California State financial incentives:

I Residential property tax exclusion for solar
energy systems

I Commercal, industrial and agricultural sale
and use tax exemption for RE generation
and storage equipment




i California Solar Initiative ($2.2 billion budget
from 2006 to 2017) provided rebates to
various solar PV installations by customers
of utilities

Strong Regulatory Oversight and Enforcemen
ACPUC & CEC established the rules for
Implementing Government RE mandates, and
determine the RE procurement targets for
each utility (Renewable Portfolistandards

(RPS)).



APenalty ($50/MWh, up to $20 millions per
year) will be imposed if the utility fails to meet
the RPS targets.

1111111111



Regul atory Directives an
Resources Planning, Procurement, and System
Operations to Meet RE Goals

=

Resource (+
T & D)
Planning

Resource
- Procurement

1

SJ9P|OY>[BIS YIIM UOIBIIUNWWOY) JI83383G

System

RE Project Information System

Operations

\ )

I

Organizational Strengthening



Resource

Planning




KeyCal I f orni aos

APo
ARe

icy Objectives
lability Requirements

AEconomic Criteria

AResource Loading Order

Re s o ulr



Cali1 forni ados Resou?c:¢

APolicy Obijectives

I Renewable Portfolio Standards: 30%
RE by 2020, and 60% by 2030

I Require RE potential assessment (by
resource type and location)



Cali1 forni aos Resoud c

AReliability Requirements

ICPUCOs Resource A
Requirements Regulations

ASystem RA requirements
ALocal RA requirements
AFlexible capacity RA requirements



Cali forni ads Resoud c

ASystem RA Requirements

I Net qualifying capacity (NQC) at least 115% the
forecast system peak demand

I NQC for conventonal power plants = Nameplate
capacity x derating factor

I NQC for variable generation RE resources (solar PV
and wind) = Nameplate capacity x ELCC

I ELCC (Effective Load Carrying Capacity) in %,
determined based on how well a resource Is able to
meet the system reliability conditions and reduce
expected reliability problems reflecting the resource
availability, use limitations and performance. For
wind and solar PV, ELCC could be in the range of




0% to 50% depending on the location, season, time
of system peak demand, & other factors.

Calil forni aos Resouhd c
A ocal RA Requirements

I For transmission congestion areas,
study (performed by CAISO) to identify
In-area resource needs using 1 to 10
weather years and an{i-1
contingency scenario, resulting in
distributed generation resource
requirements.

Cal i forni ados Re $iomsr6 cC
AFlexible Capacity RA Requirements



I Determine flexible capacity requirement
sufficient to accommodate the increasing
variable generation resources required by the
RPS

I Based on CAISO study, currently consists of 3
components:

AMaximum 3hour ramp up and ramp down
(capacity and speed)

AThe most severe single contingency (or 3.5% of
forecast peak demand)

AError factor (reflectin
error and variability)

Cali forni ados Resou?c
AEconomic Ctieria

1111111111



| CPUCOs Least Cost ResoO
Transmission System Planning (CAISO), and
Distribution Resource Planning Regulations &
Guidance

I Resource planning analysis needs to consider
additional costs/savings including the avoided
costs of transmission and distribution expansion,
energy losses, and greenhouse gas (GHG)
abatement costs

I CPUC directs utilities to consider the GHG
abatement cost for the analysis, ranging from
$60 per million metric ton (MMT) of CQ
emission in year 2018, escalated up to $150 per

1111111111



MMT In year 2030

Cali forni ados ResouBc:
AEconomic Criteria (con

I Prices of solar PV and wind power haveciall
In the competitive range with fossilfueled
power.

I IRENA expects prices of solar PV to fall
further in the next few years.

foTurning to renewabl e
generation is not simply an environmentally
conscious decision, it Is now,
overwhelmingly,a s mart econol



stated in IRENA annual convention In Jan.
2018 by Adnan
Amin, DG of the IRENA

1111111111
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Key functions of an ISO Planning
1383

£ Plan grid expansions '_ ’“ :

£ Manage new power plant
Interconnections



The ISO relies on a comprehensive transmission
planning process to:

A |dentify the needs for reinforcement of the transmission systen
for a broad range of purposes including:
I Reliability needs
I Policydriven needs
I Economically driven needs

A Coordinate with other fundamental processes including:
I resource planning by state agencies and utilities
I generator interconnection processes

A Act as a cornerstone of analysis to comply with federal
mandatory planning standards and other technical study need

Slide



The | SO0s transmi SSI OoNn

California state processes:

CEC & Createdemand forecast
CPUC & assessesource needs

V'

plan

CPUC

Results feed into next biennial cycle

1SO » Createstransmission

Createsprocurement

plan Final plan
authorizes
procurement

IO|Us

S

p |

lide



The agencies have defined responsibilities to
produce results:

Demand forecast &

.. Procurement plan
resource needs Transmission plan (ISO) P

(State & ISQ (R AR
Projects pealhour & annual Identifies Authorizes Utility to
energy demand 20 years A new transmission lines  procure to meet the
forward A upgrades to existing lines demand forecast & resource
A nontransmission needs
Adjusted for energy alternatives
efficiency, rooftop solar and Includes:

Infrastructure needed to )i
support the resource needs 3
and demand forecast, and to 3
address policy or economic  z
needs i

renewable resources
conventional resources
demand response
energy efficiency
distributed resources

demand response

Reflects RPS mandates,
system adequacy, local area
reliability and flexible
capacity needs



Distribution

Resource
Planning




Distribution Resource Planning Regulations & Guidarice

AA new Public Utility Code in 2013 requires
| OUs t o devel op epkn s
( DRP) 0 to moderni ze
(More Than Smart Grid Initiative) and identify
optimal locations for the deployment of
distributed energy resources (DER).

Alncreasing deployment of DER (addition of
12,000 MW renewable DERS In ten years)
plays a critical r ol
GHG reduction goals.



Distribution Resource Planning Regulations & GuidaRce

ADER defined by the Regulation as:

I Distributed renewable generation (Solar PV, wind n
larger than 20 MW) o0 third party owned and
utilityowned

I Customer site netmetering energy resources

I Demand responses

I Energy storages (utility owned and customer ownet
I Energy efficiency

I Integrated denandside management

| Electrical vehicles

| Rate designs (e.g., Time of Use rates)



Distribution Resource Planning Regulations & Guidarge

AA new framework of DRP aims to:

| Modernize the distribution system to
accommodate twewvay flows of energy

| Enable customer choice of new
technologies & services that reduce GHG
emissions and improve system reliability

I Animate opportunities for DERSs to realize
benefits through the provisen of grid
services



Distribution Resource Planning Regulations & Guidasce

ACPUC issued guidance and methodologies for
|OUs to develop DRPs

I Integration DER capacity analysis to identif
the capabillity of the distribution system to
Integrate DER (Redsl of the analysis are
to be published via online maps maintainec
by each Utility and available to the public).

| Locational benefits analysis of DER. e.qg.,

deferred/avoided T & D capital and
operation investments, reduced energy




losses, avoided reliabylitmprovements
Investments, etc.
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Relative Line Section
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Example of PG&EOGOs DER I nterc
Distribution System Information?2



