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share of U.S. venture capital investment in innovative memv technologies increased
dmmmmﬂy from 1995 to 2007 (see Figure 5 below).”’ The same period saw a stream of
pioneering environmental policy initiatives, including energy efficiency codes for buildings
and appliances, a renewables portfolio standard for electricity generation, climate change
emissions standards for light-duty automobiles and, most recently, AB 32. Flows of venture
capital into California are escalating as a direct result of the focus on reductions of
greenhouse gas emissions. As mentioned above, California captured the largest single
portion of global venture capital investment ($800 million out a total of two billion dollars)
during the second quarter of 2008,

) mw%_J v
California’s Growing Share of Verture Capital Investment
in Energy innovation, 1995-2007 (current $, % share)
$1,400,000,000 50%
45%
$1,200,000,000
40%

35%

$1,000,000,000

w
E } 30%
B $800,000,000 -
: % WA VO S
§ 25% | g (A %)
E  $600.000.000 -
A
$400,000,000 15%
10%
$200,000,000
5%

1900 1996 1997 1908 1800 2000 2001 2002 2003 2004 2006 2006 2007

Source: PricewaterhouseCoopers MoneyTree Report, available at: [hitps://www pwemoneytree.com].

A survey of clean technology investors by Global Insight and the National Venture Capital
. . - P . . . P " . . w7y

Association found that public policy influences where venture capitalists invest.””

Furthermore, investments in green technology solutions produce jobs at a higher rate than

Based on historical trend data for the “Industrial/Encrgy” industry for California and the United States from
the PricewaterhouseCoopers MonevTree Report.
https://www.pwemoneviree.com/MTPublic/ms/nav.isp?page=historical (accessed October 12, 2008)

*? Clean Tech Entreprencurs & Cleantech Venture Network LLC. Creating Cleantech Clusters: 2006 Update.
May 2000, p43
http/fwww.e2 org/ext/doc/2006%20National%20C leantech%20FORMATTEDY%20FINAL pdf (accessed

October 12, 2008)
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investments in comparable conventional technologies.” Venture capitalists estimate that
each $100 million i venture capital funding, over a period of two decades, helps create
2,700 jobs, $500 million in annual revenues, and many indirect jobs.>*

Access to capital controlled by institutional investors is also enhanced by policies that
encourage early adoption of green technologies. When California-based corporations use
green technologies to reduce their exposure to climate change risk, institutional investors
reward them by facilitating their access to capital. The Investor Network on Climate Risk
including institutional investors with more than $8 trillion of assets under management
endorsed an action plan 1n 2008 that calls for requiring asset managers to consider climate
risks and opportunities when investing; investing in companies developing and deploying
clean technologies; and expanding climate risk scrutiny by investors and analysts.”

Additional capital for green technologies helps drive increased employment, both indirectly,
as energy savings are plowed back into other sectors of the economy, and directly, as new
green products are successtully commercialized.

McKinsey & Company projects average annual returns of 17 percent on global investments
in energy productivity, and estimates the global investment opportunity at $170 billion
annually through 2020.>° Meanwhile, global investment in energy efficiency and renewable
energy has grown from $33 billion to more than $148 billion in the last four years. Beyond
2020, green technologies are expected to attract investment of more than $600 billion
annually. > In short, green technology is now a bona fide global growth industry.

Today, green technology businesses directly employ at least 43,000 Californians, primartly in
energy efficiency and energy generation, according to a 2008 study from the California
Economic Strategy Panel. Green jobs are concentrated in manufacturing (41 percent), and

* Report of the Renewable and Appropriate Energy Laboratory. Putting Renewables to Work: How Many Jobs
Can the Clean Energy Industry Generate? Energy and Resources Group/Goldman School of Public Policy at
University of California, Berkeloy, April 13, 2004, http://raclberkelev.edu/old-site/renewables.jobs. 2006 pdf
(a;; cessed October 12, 20083

* Report prepared for the National Venture Capital Association. Venture Impact 2004: Venture Capital
Benefits to the U.S. Economy. Prepared by: Global Insight. June 2004,
http://www. globalinsight.com/publicDownload/genericContent/07-20-04 fullstudy.pdéccessed October 12,
2008)

* The Investor Network on Climate Risk. Final Report, 2008 Investor Summit on Climate Risk, February 14,
2008, httpy/www .ceres.org//Document. Doc?id=331 (accessed October 12, 2008)

*® McKinsey Global Institute. 7he Case for Investing in Fneray Productivity. McKinsey & Company.

February, 2008, p.8

hitp//www.mckinsev.com/mei/reports/pdfs/Investing Energy Productivity/Investing Energy Productivitv.pdf
(accessed October 12, 2008)

United Nations Environment Programme-New Energy Finance Lid. Global Trends in Sustainable Energy
Investment 2008: Analysis of Trends and Issues in the Financing of Renewable Energy and Energy Efficiency
2008, p.12 ISBN: ‘)”7 -92-807-2939-9http://www.unep. fi/enerey/act/fin/sefi/Global Trends 2008 pdf
(accessed October 12, 2008)
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professional, scientific and technical services (28 percent), with median annual earnings of

$35,725 and $56,754, respectively.” By 2030, under a moderate growth scenario, green

businesses nationwide are expected to generate revenues of 52 .4 trillion, (2006 dollars), and
L

employ 21 million Americans.’

As a leader in green technology development and use, California has already realized
substantial economic benefits from the adoption of energy efficiency policies. State energy
efficiency measures have saved enough energy over the past 30 years to avoid construction
of two dozen 500-megawatt power plants. Today, California’s per capita electricity
consumption is 40 percent below the national average, ami the carbon intensity of
California’s economy is among the lowest in the nation.”

Renewable energy, such as solar, wind, biomass, geothermal, will also bring new
employment opportunities to Californians while spurring economic growth. California
enjoys significant comparative advantages for renewable energy: concentrated innovation
resources, a large potential customer base, key natural resources such as reliable solar and
wind, and supportive regulatory programs, including the California Renewables Portfolio
Standard, the Million Solar Roofs Inttiative, the California Global Warming Solutions Act of
2006, and the Solar Water Heating and Efficiency Act of 2007.

Other researchers have estimated that under a national scenario with 15 percent renewables
penetration by 2020, California will experience a net gain in direct employment of 140,000
jobs.®! Because investments in green technologies produce jobs at a higher rate than
investments in conventional technologies, jobs losses that occur in traditional fossil fuel
industries will be more than compensated for by gains in the clean energy sector.

Furthermore, it California’s renewable energy suppliers field products that are sufficiently
competitive to penetrate the export market, employment and earnings dividends for the state
will also increase. California renewable energy industries servicing the export market can
generate up to 16 times more employment than those that only manufacture for domestic

** California Economic Strategy Panel with Collaborative Economics. Clean Technology and the Green
Feonomy. March 2008, P.14-15 htp://www.labor.ca.gov/panel/pdl/DRAFT Green Economy 031708 pdf
(accessed October 12, 2008)

> The American Solar Energy Society. Renewable Energy and Energy Efficiency: Economic Drivers for the
2P Century, 2007, p.39 ISBN 978-0-89553-307-3 hitp://www .ases.org/images/stories/ASES-TobsReport-
Final.pdf(accessed October 12, 2008)

8 California Energy Commission. 2007 Integrated Fnergy Policy Report. Document No. CEC-100-2007-008-
CMF. 2007, p. 3 http//www.energy.ca.gov/2007publications/CEC-100-2007-008/CEC-100-2007-008-
CMF PDF (accessed October 12, 2008)

%! Tellus Institute and MRG Associates. Clean Energy: Jobs for America’s Future. As cited in: Putting
Renewables to Work: How Many Jobs Can the Clean Enerey Indusiry Generate? Energy and Resources
Group/Goldman School of Public Policy at University of California, Berkeley., April 13, 2004,
http:/frael berkelev.edu/old-site/renewables. 1obs. 2006, pdf (accessed October 12, 2008)
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consumption, according to a study by the Research and Policy Center of Environment
& P c 62
California.”
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As noted in several provisions of AB 32, cost-effectiveness is an important requirement to be
@:m'm;idcmd in the design and implementation of emission reduction strategies. (See

HSC §§38505, 38560, 38561, 38562.) AB 32 defines “cost-effective” or “cost-

effectiveness™ as “the cost per unit of reduced emissions of greenhouse gases adjusted for its
global warming potential.” (HSC §38505(d)) This definition specifies the metric (i.e., dollars
per ton) by which the Board must express cost-effectiveness, but it does not provide criteria
to assess if a regulation 1s or is not cost-effective. It also does not specify whether there
should be a specific upper-bound dollar per ton cost that can be considered cost-effective, or
how such a bound would be determined or adjusted over time. ARB has investigated
different approaches that could be used to evaluate the cost-effectiveness of regulations and
is recommending the following approach.

The estimated cost per ton of greenhouse gas emissions reduced by the measures
recommended in this Plan ranges from $-408 (net savings) to $133, with all but one (the
Renewables Portfolio Standard) costing less than $55 per ton. The RPS is being
implemented for energy diversity purposes, not just greenhouse gas reductions, and the $133
per ton figure does not take these other benefits mto account. Therefore, it should not be
used as a reference to define the range of cost-effective greenhouse gas measures. These
estimates are based on the best information available as ARB prepared this Proposed Plan.
Updated estimates and greater certainty will be provided as the measures are further
developed during the rulemaking process.

In the meantime, the current estimates provide a range illustrating the cost per ton of the mix
of measures that collectively meet the 2020 target. This range will assist the Board in
evaluating the cost-effectiveness of individual measures when considering adoption of
regulations. The range of acceptable cost-effectiveness may change if effective lower-cost
measures and options are identified. Because both the projections of “business-as-usual”
2020 emissions and the degree of reductions from any given measures may be greater or less
than current estimates, the determination should remain flexible to accommodate a higher or
lower estimate of cost-effectiveness. In addition, the approach must provide flexibility to
pursue measures that simultancously achieve policy objectives other than greenhouse gas
emissions reduction (such as energy diversity).

The criteria for judging cost-effectiveness will be updated as additional technological data
and strategics become available. As ARB moves from adoption of the Scoping Plan to

* Environment California Research and Policy Center. Renewable Energy and Jobs. Emplovment Impacts of
[)m»m’n/wm Markets for Renewables in California, July 2003, As cited in: Putting Renowables to Work: How
Many Jobs Can the Clean Enerey Industry Generate? Energy and Resources Group/Goldman School of Public
Policy at University of California, Berkeley, April 13, 2004, hitp://racl.berkeley.edu/old-
site/renewables.jobs. 2006, pdf(accessed October 12, 2008)
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1T avoided premature deaths attributed to emission reductions that occur in
Wilmington as a result of the Scoping Plan.””
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AB 32 requires ARB to “consider the overall societal benefits, including reductions in other
air pollutants, diversification of energy sources, and other benefits to the economy,
environment, and public health” (HSC § 38562(b)(6)) when developing regulations to
implement the Scoping Plan. ARB conducted an initial assessment of societal benefits
associated with AB 32 implementation. This section summarizes those that have been
identified during development of the Scoping Plan, including diversification of energy
sources, mobility, regressivity, and job creation. More detailed economic and
environment/public health analyses can be found in Appendix G and H, respectively. The
impact of low income households (regressivity), impacts on small businesses, and impact on
jobs are described in the Economic Analysis section and Appendix G.

Generally, energy-related measures in this Proposed Scoping Plan are expected to
result in a transformation of the State’s energy portfolio, driven primarily by the Low
Carbon Fuel Standard (LCFS), which addresses transportation fuel, and the

33 percent RPS, which increases renewably-produced electricity production and
distribution to households and businesses.

The LCFS aims to achieve at least a 10 percent reduction in the carbon intensity of
California’s transportation fuels by 2020. As the State moves toward less dependence
upon one source of fuel for transportation, our economy will be less at risk from
significant fluctuations in fuel prices. Measures within the Scoping Plan will force
energy diversification in California toward low-carbon intensive energy sources and

encourage significant growth in infrastructure, capital, and investment in biofuels.

The move toward 33 percent renewables will, by definition, increase the
diversification of California’s electrical supply. Increased use of wind, solar,
geothermal and biomass (including from the organic fraction of municipal solid
waste) generation will all add to ensuring the state has a broader portfolio of energy
inputs.

Based on ARB’s economic analysis, the combined energy diversification and
increased energy efficiency expected from implementation of the Scoping Plan is
predicted to result in: a 25 percent decrease in gasoline usage (4.6 billion gallons), a
17 percent decrease in diesel fuel use (670 million gallons), a 22 percent decrease in
electricity (74,000 GWh reduction) and a 24 percent reduction in natural gas

(3,400 therms).

7 See Appendix H
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The cap-and-trade program, offsets, and other measures that contain market-based
features may also help diversify California’s energy portfolio by incentivizing the
development and deployment of clean and efficient energy generating technologies.

#fH! O N 4B Sl gt ¢

Mobility 1s analyzed through multiple approaches in the Proposed Scoping Plan.
Appendix C includes an analysis of a proposed measure for regional transportation-
related greenhouse targets. Reductions in vehicle miles traveled (VMT) are expected
to result from regional and local planning which target land use, building and zoning
improvements.

As the Scoping Plan 1s implemented, measures that support shifts in land use patterns
are expected to emphasize compact, low impact growth in urban areas over
development in greenfields. Communities could realize benefits, such as improved
access to transit, improved jobs-housing balance, preservation of open spaces and
agricultural fields, and improved water quality due to decreased runoff. Local and
regional strategies promoting appropriate land use patterns could encourage fewer
miles traveled, lowering emissions of greenhouse gases, criteria pollutants and PM.
More compact communities with improved transit service could increase mobility,
allowing residents to casily access work, shopping, childcare, health care and
recreational opportunities.

Furthermore, if open spaces and desirable locations become more accessible and
communities are designed to encourage walkability between neighborhoods and
shopping, Q‘ﬂtcr[ainmm‘w schools and other destinations, residents are likely to
increase their levels of physical activity. Research shows that regular physical
activity can mdum health risks, including coronary heart disease, diabetes,
hypertension, anxiety and depression, and obesity. Measures in the Proposed Scoping
Plan encourage Californians to use alternatives to personal vehicle travel that could
result in increased personal exercise. To complement these changes, future
community developments may evolve to include trails and pedestrian access to major
centers. However, where compact development may increase proximity to large
sources of pollution, such as high traffic arterials, distribution centers, and industrial
facilities, 1t will be critical to analyze the anticipated and unanticipated impacts and
benefits, to ensure that increases in exposure to vehicular air pollution and other
toxics and particulates do not occur .

s

The California Environmental Quality Act (CEQA) and ARB policy require an analysis to
determine the potential adverse environmental impacts of proposed projects. ARB’s analysis
of the potential adverse environmental impacts of the Proposed Scoping Plan is presented in
Appendix J. The analysis summarizes and discusses the specific strategies in the Scoping
Plan that, if adopted and implemented, will reduce greenhouse gas emissions throughout the
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ines various aspects of energy supply, dermand, distribution, and price
and, based on these assessiments, provides policy recommendations
o ensure systermreliebilityand safety, conserve resources, profect
theervironment, and contribute o a healthyeconony.

This 2011 IntegratediEnermyFolicy Feport provides anoverview of
policies that guideCalifornia’senergy systermand surmaries prog-
ress in implerrenting these policies. The report is builton a series of
in-cepth analyses of key aspects of the state's erergy systemand
highlights issues that Califomiarmust consider as it rmoves forweard

seting s energy goals. These issues fall into three general
categories:

in

YE

*** Bnsuring that the state has sufficient reliable, and safe energy
infrastructure fo meet cument and future energy demand as welll as
the state’s clean erergy goals. This will involve improved forecasting
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tohelp rreet its electricity needs for more than a century. Henew-
ableelectricity provides many economic and environmental berefits
uding local jobs in clean techrolagy and corstruction industries

EENLES from gmm and sales aes; eneryy independence fru”m
using local energy sources and fusls rather th@m Imported natural
g, rechoed fossil-fusl generation that hes regative irpacts on air
ancwater ouality, and rechiced greeriousegas emissions from the
electricity sector to help rreet state climatechangeqoals. Califor-

niahas been & leacky inegarding its consurmptionof renawable
energy since the late 1970swhen, uncker Coverror Jarry Broan's first
admiristration, theCaliformiaPublic Utilities Corrrvissionordensd
utilities toestablish standard offers for mgy ng electricity from
altemative suppliers (“oualifying facilitiesyat cost-based rates,

with the price equal t the buyer’s full avoided cost. By 1991, these
standard contracts resulted in o than 11,000 megawatts (WA
of qualifying facilitieson-line In California, about half of which usedd
rerEwalIe resoUroes.
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INowy, Gloverror Browr is putting forth new and
expended targets. In his Clean Energy Jhs Han, the
Covernor is emphesizing the importance of investing

inrerewableenergy as a central elerrent of rehuild-

ing Califormiz'seconcry. TheCoverror directed the
neroy Commission to prepare a plan o “eqedile
pernitting of the highest priority [rerewable] genera-
tiorrand trarsmissionprojects” to support invest-
rrents inrenewebleerergy that will create rew jobs
ard businesses, Incresse ensrgy indepencence, and
protect public health, InDecerrber 2011, the Energy
Corrrnission released the Renemeblertwer in Cali-
formia: Slatus and lssues report, which describes the
current status of rereweble developrrent inCalifomia
ard identifieschallenges o meeting the staie’s
rerewebie goals, This chapter surmmerizes that regort
ard outlines high-level strategies o be Included ina
comprehensivestrategic plan for renewable energy in
Califorria that will be developed s part of the 20712

Infegrated Eremy Folicy ix%ﬂﬂ Liokte.

In 2002, the Califomialegislatureestablished the
Menewables Fortfolio Standard (F5) to diversify

the electricity systemand reduce growing depen-

dence on natural ges. AL that time, the target wes

to incresse the armount of rerewableelectricity in

the state’s power mix 1o 20 percent by 2017, which
wias subsecuently accelerated to 2010 by legislation
pessed in 2008, In 2011, the RS was further evised
anc expanced o reguire that rereweble electricity
shouid equal an average of 20 peroent of the tolal

electricity sold o mtail custorrers inCalifomiaduring

the corrpliance period ending Decsrnber 31, 2013, 25

28
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peroent by Decerrber 31, 2016, and 33 percent by
Dearmber 31, 2020.% To support these FRES targets,
Cioveror Brown'sClean Erergy Jobs Man calls for
aciding 20,000 MWVof new reneweble capacity by
2000, Including 8,000 Mol large-scalewind, solar,
and geotherral as well as 12,000 MV localizzd
genevation close o consurer lads. According o a
recent presentation by Michee! Picker, Senior Advisor
to theCovermor for Renesweblebacilities, resources
inclucked in the 12,000 MW goal are definedas: (1)
fuels and techrnologies acoepted as reneweble for
purposes of the Herewables Fortfolio Standard; (2)
sizec up to 200N and (3) located within the loa-
voltage distribution grid or supphving power directly o
aconsurrer Sorre parties have sugeested thet this
definitiorte epanckd o includeother low ChHG-emit-
ting resouross, such as fuel cells and high-efficiency
corrbined heat and power facilities. The Energy
Corrmissionwill moldworkshops during the 2072
EFR Uckate ancd 2013 R proceedings o discuss
corrbined heat and pover issues, andweloomes sug-
gestions from parties on how to best ensure that the
state’s distributed gereration and cormbined heatt and
pover goels are complerrentary.
Califomiaapeesrs tobeon treck o achieve the 20
percent average by 2013 FE8 compliance period, with
riearly 16 peroent of statewice retail sales corming from

18 The Califomia Fublic Utilities Commission recently estab-
lished procurement gueantity mmwﬁm for interim vears of

21.7 peroent (2014); 23.3 peroent (2015), 27 percent (2017,
28 percent (2018Y; and 31 percent (2019). Declsion 11-12-
020, Decision Setting FProcurement Quant iy Requirerents oy
Fetall Sellers for the Ferewables Fortfolio StandardFrogram
Decermber 1, 2011, docs cpuc.ca govACRD PORFINAL._DE-
CISICN/54685 FOF.

18

ion at the Decermnber 8, 2011, Califor-
ent arvd the Econcry Brergy
tributed Cereration, www.clee.

Micheel Ficker, presentat
nia Fourdation on the Erwi

Foundtable Surmmit onDigf

ret/_docurmentsPicker. pf.
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Tedle1: hSiaie Rreneble Cyedity andGereration (2010)

Biorress 1070
Ceothenmal 252
SreliHydio 3B
Selar 408
Vired Nodata
Total 4314

Snuree: Califomia Energy Commission

A Bourcess of the data include the Erergy Cormmis-
sior'sQuarterly Fuels and Energy Report Databese and
FOLIRES databese; CRUC's KL datebase (wivw.cpuc,
cagoviPUllerergyFenenables/ ), and CRUD staff

update on installed capacity under 58 32.

B3, Solar P systerrs under 881 (CRUC staff calculation
for O, Erergy Corrrission staff caloutation for NP,
and Energy Commission staff calculation as reported
by the FCLE for their portion), the Self-Gereration
IncentiveFrograr (energycenter.org/ index php/

incentiver-programs/setf-generation-incentive-

prograEnsgip-docurents/sgip-docurments), and the
BrergingRerewables Frogram (waw.energy.ca.gov/

rerenebles/ermerging_rerewables/).

CWind turbire systerms in the Self-Generation Inoen-
tiveProgram (epergycenter org/index.php/ incentive-
programs/self-generation-incentive-prograny
sgip-documents/sgip-documents) and the Bmerging
Rerewables Program (waw.erergy ca.gov/renewables/

emerging renenvables/}

D includes 309NV utility scale andwiolesale dis-
tribnited generation wind capacity. Califomia B0 data
onwind projects located in the Califomia IS0 and the:
Eriergy Commission's2FER Database, energyaimernac.
ca.govielectricityiweb_afer/ forwind projects located

outside the Califormia 180,

. Total updatert in 2011,

(3574 25 5,745

46 0 2001 1270
1,080 0 1,306 4441
e 1o 167 08
Nodata & 3027 6,172
1907 1103 10343 30,005

rerewabile generation in 20102 In-state rerewable generation i
sented ebout 75 peroent of total rerewable gereration frommore then
10,000 MVof rensweble gererating capecity (Teble 1) 7

For the 33 peroent by 2020 target, Erergy Cormission staff
estirates that the state will need rereweble gereration in the range
of 35,000 gigawatt hours CAR) to 47 000G Inaddition o gen-
eration expected frormedsting faciities, Ulility confracts signed and
pending fo date are expected 1o deliver erough erergy 1 reach the
upper hound of this renge i riest ar all of the contracted renewables
are built and gererating by 20020 Foure 1),

This estirmate includes a nurrber of short-termoontracts that
rrey rot be rerewed, as well as edsting facilities that ey retire
chie 1o age or contract eiration, which could re

Joe the condribu-

20 Depercing on the data source, total renawable generation varies between 15
ared 16.5 percent of statewide refall sales from rerewable generation in 2010
Procureent airkd gereration sources include: The Power Source Disclosure
Program, CH Corpliance Filirgs oy Commission FPS Tracking, and
the Energy Corvmissiion’s Total System Fower.

sale DG total in Teble 1 was based on project size (20MNor less) ard
wirct capacity due to lack of reliable data; the tolal will then reext
further refirerment given the revised definitiorof what meets theGovernor’'s
12,000 goal, to screen out projects oo
incluce wholesale DG wind capacity.

ected at the transmission level ard
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Foure 1: RnenelleGreration forGalifomia andRnenebes Rortiolio Siarcbed Gosls

106.000 e Rengwable generation and forecasted tarpels
e 10U and POU signed and pending contracts
Discounted 10U and POU Contract Dellvery (30% contract fallure)
Discovinted 10U 4nd POU Contract Delivery (40% contract Tailure)
80,000 b 90% Renewables Portiolio Standard Targe! (2013)
W 26% Renewables Portfolio Standard Target (2016)
4339 Renswables Portfolle Standard Target (2020)
60,000
40,000
20,000
f

1983 1950

2000

2010 2013 2020

Souree: Califomia Energy Commission, Rereviable Foner in Galifornia: Status and Issues, Decerber 2011,

Deshed orarge lire showing expected rerewable general

choice aggrenators, o small rulti-jurisdictional uti

represented only about 5 percent of statewice renewable gereration.

tion from edsting facilities. There is alsorisk of
contract failure; data from thebrergy Commission’s
124 contract detebase indicates that sinos the start
of the RS program, about 30 peroent of long-term
FEE contracts (10vears o rrom) epproved by the
Califormiakubiic Utilities Commission (CHUC) have
besn canoslied.

The contract failure rate increases o shout
40 peroent when also considering aontracts that
hewe delaved, and, at the Septerber 14, 2011,
workshop on the draft Feneveble Fower In Californier

22 Aocording tomretrics on the Califormia Clean Energy Future
website, cortracts for roughly 12,000GAh of rerevable
gereration will expire before 20020, ww.caclearenergyfisture.
org/documentsRenewabieknergy. pdf.

on cees not incluce potertial generation from electric service providers, oommurnity
ties which are also subject to the RES. In 2010, renewable generation from these entities

Sfatus and lssues report, two utilities indicated thet
they cumently assume a contract failure rate of 40
percent. ® This suggests ihwould be prudent for utili-
ties to contract for reneweble gereration in the range
of 55,000 GAR (contract failure rate of 30 pereent) o
85,000 GAh (contract failure rate of 40 peroent). ™

23 Transcript of the Seplamber 14, 2011, Integrated Energy
Folicy Feport workshop on the Draft Rerewable Fover in
Califormia: Status and Issues report, comments by Valerie
Winn, PacificGes arne Compiary, (page 72) andGary
Stern, Southern California Edison (page 73), waavenergy.
ca.goviZ01_energypolicy/documents/ 201 1-08-14_work-
shop/2011-08-14_trarscript.pof.

24 Tre Erergy Commission acknowledges that historical contract
failure rates are not prediictive of future rates, which could be
lower or higher.
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Tehechapi and Banen Teedepl
Ricoe Fereneble Eaiimront
Trersmission Projects
Colorado River, Viest Fiversice Fast,
of Devers, andPath 42 PalmSorings,
Ungrace Irrperial Velley
Eldbrado-harpah, MelntainPaes.
Flecah-lug, and Plegeh Marrer
Crohwatlerbsper-iiop
Border-Cragg Vibstlands
South ol Conte Cosla Shlarn
Carrizo-iickvay Canrrizo South,
Senta Barbara

Souree: Califomia Energy Commiss

Mg a starting point for messuring progress toweard
rresting theGovenror's 20,000 MV goal, the Fenew-
ablerFower inCaliformiarStatus and Issues report

inclucied preliminary regional targets or both utility-

scaleand localized renewable gereration facilities,

For the target of 8,000 MAVOF utility-scale reneweables
by 20020, Erergy Corrmission stalt identifiechough
regional targets based onnew trangmission lines and
upgraces that have been identifiechy the Califomia
Incepence mmwcmaw {Califomia 50y for all of
Califomia'shalancing authorities and potential renew-
able capacily inCorrpetitiveMerewablebnergy Zores
=7 identifiedthrough the 2007-2010Ferevable

3

1,700 780
5500 2810 2600
4700 1,825 2875
2450 1470 o8
800 145 655
5% 155 380
900 800 100
TOTAL 8620

fon, Rereweble Fover in California: Status and lssues, Decernber 2011,

neroy Transmissioninitiative (RETD thatwould be
served by those lines and upgrades (Teble 2)

If these new lines and upgrades are pemnitted,
built, and operating befors 2020, they could allow
gerevation frormrrore then 18,000 M of currula-

FETT wes initiated in 2007 as a joint effort armong the CRUC,
rgy Corvrmission, the Califormia IS0 utilities, andother
stakehoiders. Primary goals were to identify transmission proj-
ects needed 1o acoormmodate California’s renewable ensrgy
goals; promote designation of corridors for future transmis-
sion linedevelopment; and meke tranemission and gereration

siting end permitling easier. Fenevable Ernergy Transmission
InitiativeFhase 28 Final Report, FET-1000-2010-002-F, May
2010, www.energy.ca.govireti/documents/inde himl.

SB GT&S 0718207

[Ts

o

&



Fope 2 Rreneble Distriuisd Gerevation Gpedity Gounied! Tonerd 12 000MAVGEel

“Wi=Nega Walts
DGw=Distrinuted Genaration

W PerdingAuthorized W Instatled

,000 wwe
GOAL

Wt instalied

3,017 Remaining

38728 Total Sell - Generation DG

Sowrce: Califormia Energy Commission.

5,655 Tolal Wholesale DG

“Fercling” capecily refers to projects approved under existing programs and in development but ot yet completely instalied. “Authoriaed”

capacity refers {o capecity allocated under exdsting programs that is rot yet approved or installe
32 fepd-in taniff, the Fereweable Auction Mechanism, the Utilily Solar Protovoltaic Program, and the California Solar Initiative. The 5
Cammission acknowledges that the totals preserted in this figurewill need further refinement;for eample, rot all projects deve
the Renewabie Auction Mechanismmay qualify es wholesale DG under the defini

thve renewable capacity to flonecross those lines,
In 2010, state and local entities issued p‘mwm for
roughly 8,000 MVOF rew rerewsble capecity, about
8,000 Mo which is associated with the rew lires
anclupgraces. This indicates thet another 8,000 MY
Gfmmmﬂmmc Wmu ber sited in the OReZ as-
sooiated with these Hines in the future.
For the 12,000 MWV distributed generation )
target, Erergy Cormission staff developed preliminary
regional targets for localized genevation (Teble 3),

26 Witten comments by Kem Countly and Critical Path Transmis-
sion on the draft 2011 EF M“Ww a transmission line
which, if built, could potentially open up theV\est Mjeve
Desert o renenable energy deselooment. TheViést Molave
Desert hes been idertifiedss an area of high solar insolation
ard the Energy Corrmission and other members of Califomia’s
Fereweabile Energy Action Tearn have encouragedd development

there. Thet area also has lands with high conservation value,
particularly for the Mohave ground squirrel and desert torfoise
ared the Desert Ferewable Energy Corservation Plan provides
a forum for balarcingenergy and consesvation nesds inthe
area. Toward this erd, the Energy Commission supports effors
by irdlependent transmission adwcates to improve access to
theWést Mojave and will work with agencies and stakeholders
rvolved in the Desert Renewable Erergy Conservation Planto
ardress development and resource conservation options.

Existing programs include the Serate Bill
eitly

e loped under

tiorof DG presented in this report.

defiredior purposes of the analsisat that timeas
renewebie s projects 20 MWand sraller infercon-
nected to the distribution or transmission grid. The
analysis wes fechrology reutral and included solar,
biorress, geotherrnal, wind, fuel cells using rerewable
fuel, end srall ydroposer. The analysis also assurred
that reneweblelGcapecily installedwould count
toward rreeting the 12,000 MV geal. Califomia has
roughly 3,000 MWVl renenablelz capacily installed
and, i existing state programs o support renewable
[are fully sucoesstul, the state could add ahout
6,200 Mol capacity in the next fhvelo eight vears
Figure 23 Wore informmation s resded o assess the
legitirnacyof the targets and the targets should be
reviodically updated. Ghen the trend of declining
costs for solar photovoltaic 4 techrologies, the

oy Corrnission believes the foous should beon
developing the “low-hanging fruit” inthe nexd few
vears, Meanwhile, the state should focus on reforme-
ing permitting and interoonnection processes so that
subeeouent developrrentofl rereweblelG installations
can take advantageof cost reductions and improved
regulatory structures in later years.
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Central Cosst

Ceotal valley a4

East Bay 450

brperial 50 140

Inlerd Brrpire 480 910

Les Angeles [city e colnly) g7 2110 4000

North Bay 20 0

Mot Valley 120 80 17

SacrarentoRegion 410 170 220

Sanlieco 50 G530

SF Peninsula 480 30

Siees A 40 0

Crarge 420 10 40 470

Total 5210 3420 3370 12000

Souree: California Energy Commission, Renewabile Fover in Califormie: Status and Issues, Decernber 2011,

Fost-2020, acditional investrents in rerewable
sereration may be needed to replace gereration
expected todeclineover the course of the ned decade,
such as gerevation fromexiring coal contracts.
Chreration froma nurrber of these contracts, which
currently represents about 10 peroent of total gerera-
tion serving Califomia, s expected to decline by 61
percent bebaeen 2010 and 2000 due to constraints
irrposed by the BmissionFerforrmance Standeard 7 Fe-

mraining coal contracts are epected oegie bebaeen
2027 e 2080, whichwill require replacerrent poner
fromamixof re bie and thermal generation with
storage to satisfy electricity nesds whilestill mesting
greenhouse gas emission reduction goels.

When signing the 2001 FES legistation, Goverror
Brown indicated that the 33 percent by 2000 RS
target should be considered a floomather than
ceiting. This is consistent with the need for edditional

erewable gereration and othe w-Carbon electric-
35 fo rmeet the state's long-temm (2050}
Chermission reduction goals. Bacdk-of-the-ervelope
estimates by Energy Covmission staff indicate that
if rew renewebles alone provided the zero-amission
gerevation needed tomeet electricity needs in 2050,

27 The Emission Performance Standard prohibits California utili-
ties from reregotisting o signing rew contracts for bassload
gereration thet exceedds 1,100 s of carbon dioxice equivalent
08y emission per MAR. Anumber of contracts with coal
cereration facilities that excesd the Bmission Performance
Standard will expire within the decade and cannot be rereved
with ancther long-term contract.

33
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_ Potential (W) |

106100
17,000,000
2763
34,000
75400

18214 328

gy Corrnission, Fenewable Fower in California:

renewable generation could represent from €7 1079
peroent of otal electricity sales in 2080,
Califomia’sestimated reneweble techrical
potertial is 18 rillion MV (Table 4).2° Although this
figuredioes ot reflectecoromic or environmental oon-
straints, developrrent of even one-tenth of 1 peroent
of this potential would rearty rreet theGovermor's
20,000 MWV renewabie goal. Achieving this potential
will depend on the ability of project develorers to se-
cure financingpermits, transmission, interocnnection,
local comrmunity acoeptance, and poser purchese
aoresrnents.
[espite these challenges, recent trends indicate

inoressing market inferest In ereseble develooment.
The 2000 F-5 solicitation by the investor-osred utili-
ties (CUs) drew bids from developers offering 1o sup-
ply erough renewsble gereration torest haltfof the
CLE total electrical load in 2020, and 0L currently
henve signed contracts for roughly 14,000 MOl rew
rerewehie capacity. In20M0, state and local entities
issued permits for 9435 MV rerewable capacily,
ard another 28,000 MVis being tracked invarious

28 Tre 67 percent estimate assumes that electricity dermend, the
riirber of self-gereration pmjects, arvienergy efficiercypro-
grarns cordinue o grow at current rates; increased penetration
of electric vehicles; and continued cperation of existing renew-

ables, nuclesr, anc hydroslectric gereration et thesame lewels
in 2050 as today. The 79 percent estimate uses the same
assumptionswith the exoeption of nuclear and assumes that
existing nuclear plants are ot relicensed. These estimates do
rot consicer the additional reed for integrationof infermittent
renewables, whichmay recuireadditionalflexiblesapacity to-
ward which fossil fuels, energy storage, and demand response
couild play a part.

ates are presented for illustrationonly
ardnot intended to be: used for planning purposes.

29 Techrical potential refers to the amount of gererating capecity
theorelically possible given resource availability, geographical
restrictions, and technical limitations like ere

Uy corversion
efficienciesand does rot reflecteconoimic potential (how
rmich could be developed at cost levels corsidered oompeti-
tive or market potential (how much coulet be impleented in
the market after acoounting for energy demand, competing
techrologies, oosts and subsidies, and barriers).
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permitting processes, > The California IS0U's infercon-

rectionCusue includes about 57 000MVOf reneweable

capacity, ard there are 450 active inferconrection

recuests for DG aysterrs in theWholesale Distribution

HAoress Tanff ouese totaling about 5,200 MA

The FenenableFower in Califomia: Status and 1ssues
mg:m identifieds variety of issues that will affect the
Jle capacity ultimately develored,
udingervironmental, planning, and m’mtt rg;
transrission; gric- and distribution-level integration,
investment and financingoost, research and develop-
reent (REDY environmental iuﬁ‘:;‘t’ e local governrrent
coordination; andwordoros developrrent. The report
also discussed pest and current efforts o address
these challernges, whichmust be overcorre o achieve
Califomia'srenewsbleenergy targets and goals.

For utility-scale renewable plants, the primary plan-
ning and permitting challenges are ervironental/
land use issues and fragmented and overlapping
pemitting processes. Rerewable facilities can have
a variety of environmental and land-use impacts
depending on location and technology. Because the
majority of new renewable development is proposed

XK California Energy Cormmission, See. W energy.
CeaLgovi 332020/ documentsirenewable. projectsFEAT Gen-
eration_Tracking Projects_Feport.pdf.

2
5]
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intheCalifomiadesert, the Rerevableloner in
Callfornier Satusand lssues mm focused on desert
environrrental impscts. These include innpacts on
sensitive plant end enirmel species, water supplies
archwaterways, and cultural resources ke a
of historical or ethrographic importance. There are
also land-use conoems because the majority of

Sesert lands inCaliformia are owred by the feckral
goverrrent and rrereged for multiple uses, inchud-
ing recreation, wildiife hebitat, livestock grazing, and

Intenrsof the wmﬁ"mg orocess, avariely
of feckeral, state, and local agencies have lioensing
authority for different tyoes of utility-scale reneweble
projects. This can lead o incorsistent environmental
reviews and standards and variation in the extent of
ervironrental evaluation, interpretationof results,
archmitioationreguirarents. The result is that
developers may have 1o satisty rore thanone set
of conditions, subrmit duplicate inforrvation, or face

celays while agencies resolve their differences.

For rereweble [0 facilities, wmwmwmg oockes,
standards, and fees arvong local govermnments with
jurisdiction over these projects are a challenge for
deselopers trving to
addition, developers st get permit approvals from
rruttiple local entities like firecepartrents, builo-

ing and electric code officials and local air districts,
which can lead to duplication and inefficiencyin the
pepitting process. Also, mary local jurisdictions
o rot heve energy elerrents intheir gereral planor
zoning ordinances to guide rerewable developrent
ard ey heve ervironmental screening and review
processes in place only for large-scale renewables,
not DG projects.

The state’s Rerewable Eneny Action Team (AT
i developing the Desert FerewableEnergy Conserva-
tion Flan (CRECF) o help minimizeervionmental
impectsof rrewsble gereration and transmission

af perrnitting requirerments. In

&
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IntegratedEnergyFolicyRgport (IEFR). This chapter summarizes the
snergy Commissionstaft's Feliminan/CaliforniabnergyDermend
Forecast 201 2-2022(CED 2011 Feliminan). " The report’s arglysis
characteries the effects of economic and dermograghic trends,
hurren behavior, erverging techrologies, state and federal policies,
and Califormiarsdiverse clirmatic and geographic landscapeon cur-
rent and futureenargy nesds. The chief procuct of thiswork is the
CaliforniabEnergy Derrand (CED) forecast of electricity and natural
gas consurptionover the nexdt 10vears. Staff will release & revised
forecast inrmid-February and expects o acopt a finabersion inearly
soring 2012,

19 Kavalec, Chris, TomCorin, Mark Cimiredli, Nicholas Fugale, Asish Gautum, ardd
Glen Sherp, PredimineryCaliforniabergy D Forecast, 20122022 2011,
CHEC-200-2011-011E0, available at: wwww.energy.ca.gov/201 ipublicationsCEC-
200-2011-011CEC-200-2011-011-SD pdf.

101 .
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Califormians consurmed around 272,300 giga-
wiatt hours (W) of electricity in 2010, Natural ges
wmw*“mm eciuding fuel for electricity generation,

ched alrrost 12,700 rrillion therrs thet same
vear. Forecasts of expected growth inenergy demand

uncerlie Califormialsefforts to develop effective policy,

corserve netural resources, protect the environment,
anc prorrote public health and safety while ersuring
acdenuateerergy supplies and ecorormic growth. To
that end, the Erergy Cormmission slong-terforecast
appears inrany venues: as the fourckation for policy
recorrrendations to theGovernor and Legislature

through the R as avardstick by which o rressure
the utilities need for new generation resources in the
CaliformiaFunticUtiities Cormissions (CRUC) Long-
Termbrocurernent Flanning proceeding; a5 a referenos
point in the Air Fesouroes Board s AB 32 Sooping Fen,
as a benchrmark for assessing the state’s progress
toward meeting its Ferewables Fortiolio Standard
(F-5Y; as a baseline Tor estirmatingenergy efficiency
savings potential; and as input info the Energy Come
mission's infrastructure nesds assessent.

The forecast | ’mwu%ﬂhﬂw%m@ the
Califormia H0 in annual resource adecuacy prooeec-
ings axldressing capecity resds, which depend on
projected peak derand. Devend for electricity varies
over tirrewith daily, weekly, and seasonal oycles and
fluctuatessven withina given hour, 1 s generally
lower at night and anweskends and holidays, with the
rredrrurmusuallyoccurring on hot surnrerweskcky
afternoons. Boected peak dervand is a oritical
factor inelectricity and ransrmissionplanning, since
it detenmines gereration and transmissioncapacity
requirements.

Such an enalysis canrot be conducted in isol
tion. The Energy Cormission augrments its oan
exqertise with input fromother government agencies,
utilities, advocacy grougs, and consultants. Regular
reeetings of the Demand AnalysisWorking Group,
forred by the Energy Connmission in 2008, provide
stakeholders the opportunity to share inforrmation,

e

p%
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data, ideas, and methods, and o sugoest changes in
the exdsting process.

In the rost recent forecast and acoorpeany-
ing report, CED 2011 Reliminary, stalf incorporated

&

[Ts

o

stakeholder feedbackon a nuber of irportant issues,

luding the uncertainty mwmmd‘r@ rear-tenm
economic cordlitions (which are difficultio predict)
arel the refative impects of various efficiencefionts
(which are difficultto measure). Staff devoted public
workshops to consider all stakeholcer opinionson
these bao issues, as they carry sufficientoorssquence.

The CED 2011 Heliminary forecast includes three
derrend scenarios: high, rid, and low. The high
derrend case incorporates relatively higheconormic/
derrographicgrowth, ow electricity and ratural gas
rates, and low efficiencyprogramand self-gereration
impects. The low derrend case includes lower
econormic/derrographicgrowth, higher assurred rates,
ardd higher efficiencyprogram and self-gereration
impacts. The mid-case uses input assunptions at
levels between the high and low cages.

Teble 8 cormpares projected electricily oonsump-
tion and roncoincident™ pesk dermand under the
three forecast scenarios. Historical and forecasted
values from the previous BHR forecast (2008) provide
roints of reference.

Foure 8 compares projected consurmplion under
the three scenarios alongside Califomia Erergy
Lemend 2010-2020: Ackpled Forecast (CED 2008),
Corsurrptiongrows at a Tester average annual rate
from 2010 10 2020 in the mid- and high-enasgy

120Aregion’s coincident peek is the actual peek for the region,
while the: noncoincident peek is the sumof actual pesis for
subregions, whichmay occur at different times.

<«
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(Deoember 2009)

228475
204290
280,843

2847

2020 316,280 321,265 310,462 305,93

10002000 146% 1.36% 1.36% 1.36%
20002010 ue1% 048% 0ade Q48%
2010-2015 1.29% 1.74% 1.42% 0.98%
20200 12405 8% 192% 117%
2010-2 e 168% 131% 118%

Pre mmary Mid ‘
(August 2011)‘ . (August 20 1‘
47520

o s s S470d

G405 60455 60,455

o 58 &5 701 64 246

2020 71152 72006 818 68408
6> ...~~~ @ @ @ @ 1280 89,758

1000-2000 12% 123 12%% 1.23%
2002010 1505 119% 119% 119%
2010-2015 130% 195% 168% 122%
201020020 121% 178 145% 126%
20102 e 1.78% 1.35% 1A%

Souree: Califomia Energy Commission

*The 2011 forecasts use 2010weather-nomalized peak rather than actual to estimate growth.
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dermand cases (1.32 and 1.67 percent, respectively)
cormpared to CED 2008 (1.20 parcent). In the low de-
mend soenario, annual growth is higher then inCED
2008 after 2012, Higher prolected growth rates inthe
2011 forecast reflecta desper recession in 20089 than
assured esvell as avery mildweather vear in 2010
ard therefore faster growth in reverting o Mmt@d
long-termnveather and economic tre st
consunmption reaches CED 2009 projected levels by
2018 In the high-cerrand scenario and surpesses the
2020 CED 2009 projection in the mic-case by 2022,
By the end of the forecast pericd, Califormia’selectric-
ity corsurption is o reach between 313,000
ancd 333,000 GAh,

Consurrptionis the main driver for peak dermand
projections, so the depiction inFigure @ of the predimi-
riary pesk forecest soenarios looks much like @um&%
Cyowth in peslc dermand from 2010-2020, relative to
aweather-romrelzed 2010, s faster in the highand
rrid cases (1.76 paroent ancd 145 percent, respec-
tively) then inCED 2008 (1.31 peroent). Statewide
peak derrand is projected 1o reach the CED 2000 level
by 2017 in the high-cerrend scenario end to surpess
the 2020 2008 projection inthe mid-case by
2022, Average arnual growth rates from 20102020
refative to actual peak in 2010 are projected tobe
141 percant, 110 percent, and 0.91 percent, respec-
tvely, in the highe, mid-, and low-cermand soerarios.
By 2022, peaik derand is expected to reach between
68,700 ancd 74,200 MV,

The CED 2071 Heliminany ratural ges forecest
paraliels the electricity consumption forecast, Histori-

cal data is incorporated up through 2010, and the
same rrocels are used 10 procuce three soenarios
{(highe-, rmid-, and low-cermand) uncler the sarve
soonomic/derrographicassurmptions developed for
the electricity forecast, Historical consurrption in
2010 is higher than the value projected by CED 2009,
Frolected growth rates are higher, too, such that all
three derrand scenarios project grester consurmption
in 2020 then previcusly egected, By 2022, consurmp-
tion s eected 1o reach bebaeen 13773 million and

s,

pte
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14,175 rritlion therrrs, Table © corpares. proecterd
natural ges consumption uncer the three soenarios.

ocificatiodoFarecast
Vetod

Additional consunptiondata becare availableafter
publicationof the 2008 Infegrated Energy Folicy
Feoort The CED 2017 Frelirminary adjusted the time

lire so that 2010 is the historical bese year and the
forecast horbon exdencks o 2022, corpared to 2020
in CED 2009, Bayordd this routine adjustrrent, staff
rrecle several significantrodificationsto the: 2071
ErRderrand forecast rrethod,

For one, staff developed the major ecoromic
sectors — resicential, cormrrercial, and industrial — by
covbining the Energy Corrmission's tradlitional encl-
use ockels and a new econorvetric epproach (Created
by staff in 2011, Addlitionally, staff developed pesk
projections using its Hourly Electricity Load Mode! and
arew econornetric riodel. Staff reck adiustrrents to
resutts fromedsting rrodels bassd on the econorretric
estirrations. For exarrple, price elasticities estirated
in the residential and industrial econorretric rodels
replaced previous endhuse elesticities. Recommernda-

tons froma recent evaluationof the derrand rroded
rrethod rrotivated staff to develop a obust, multi-
resolution rrockling aporoach o dermend forecasting.

Staff forecasted residential adoption of photo-
voltaic () systerrs end solarwater heaters using
a predictivermdel rather then a trend analysis (as

in previous forecasts). The new rmethod is based on
estimeted payvback pericds and cost-effectiveress
ceterrmined by upfront costs, energy rates, and vari-
s, Staff developed scenarios using
varied assumptions about electricity rates and new
horre corstruction

Finally, CED 2071 Fefiminary incorporates poten-
tial global climatechange irpacts oo corrprehen-
sively. The Erergy Commission derrerd forecasting
process typically rrockls these irmpacts by adjusting

oS incenthve leve
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Historical
values are
shackd blue.

1289
oa

12,162

2000-2010 104
2102018 085%
20102000 061%
2010-2022 e

Souree: Califomia Energy Commission

upward the number of ocoling and heating degree
days in the forecast pericd, based on the historical
ratioof degres days in the last 12 vears 1o that of
the last 30vears. The result of this adjustrent is an
incresse inthe projected arrount of cooling and a
cecresse in heating relative o the historical pericd.
This correction attermpts to account for the likelihood
of agereral wanming trered,

However, terrperatures assurred in the peak
forecast (anaverageof daily terrperatunss over 8
J0vear period) are not affected by the adjiustrrent, so
the forecast rray rot fully capture the irrpact on pesk
cermand of possibly rrore frecuent heat stormweather
events, in the formof higher madrumitenrperatunes
ina givenvear. Therefore, using climatechange
soenarios for mexdrmurmiternperatures developsd by
the Scripps Institute, staff apolied these to the peak
soonorvetric mode! (which includes a coefficient

1289

18ba b i
2608 12805 12665
B 13538 1280
@i wue B

0.76% 0.76% 0.76%
094% -084% 0.54%
10% 104% 0.36%
089 083 068%
0.94% 083% 0.70%

16

errperature) and used the projected
climatechange impacts o adiust the exdstingend-use
peak rroced results,
The CED 2011 Fefliminary describes these
changes, along with forecast results and modeling
rmethodologies, inrmuch greater detail !

Bagy adtebcooy

Eoonomiic projections are one of the key inputs to

the demend forecast. For the CED 2011 Freliminary
forecast, staff saminedmultiplesconomic and
derrographic soenarios. The infent was to quantify
the irpacts froma ressoneble rengeof assumptions

121 Kavalec, Chris, Tom Corin, Mark Ciminelli, Nicholas Fi
AsishCautum, anctClen Sharp, 2011, 0p. oit.

€
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Figure 10:Slenick Erpoyrent Pigiectios
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Souree: Califomia Energy Commission

crnelectricily demend. Staff selected three sets of
sconomic projections fromiVoody's BEoonarmy.oom
anct HBGlchal Insight. Staff chose scenarios that
captured the highest and lowest projected levels of
soonomic growth,

Figure 10 shows historical and projected levels
for ronegriculturalenrployrrent, a key economic
driver of the comrrercial and industrial forecasts. A
corrparisonof the projections Hust
expectations about the futureof Califomig’seconermy.
ach case assures Califormiawill exgerience a period
of rapid growth as theeconomy beging 1o recover
frorn the 2008 crisis, followed by a retum o rrodest
lorg-termngrowth at rates similarto those seen in
recent history.

The rost significantdiscrepency be
sconomic projections lies in the durationof the
recession and in the timing and rate of the recovery.

Ates consistent

107

Lrergy corsurnrption trends with ermployrent and
other econarmic indicators, so thess transitions are
important factors, particularly in characterizing
erergy useover the rext few vears. Despite a great
ceal of ecoromic uncertainty surcunding the curment

soession {(for eample, when and how Califormiawill

seover), the altermative soenarios show a relatively
riarrow bend by theend of the forecast period. This
riarowing tends o reduce the differences armong the
forecast energy scerarios later in the forecast pericd,
all elez being egual.

Traditional indicators such as ermployrent, per-
gonal income, and population are inmportant, but are
ot the only econarnic factors that could affect the
forecast, CnJanuary 19, 2011, the Bnergy Comrnis-
sion hosted a public workshop where several expert
eoonomists, researchers, policymekers, and business
owners discussadways inwhich the future of Califor-

414
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nigrsecorcy may devigte from its historical pattem.
Staff corsidered soe key points madeduring the
discussion:

***The substantial drop in housing prioss may affect
migration pattems, specificallincreasing inHmigra-
tion. It is likely that Califomiawill not eqerience the
sare pattem of depressed population growth as seen
in previous recessions.

*** Changes to average home size and location may
have a significantffect on demographic drivers.

*** Over the coming decade, climatechangermay
introduce constraints on water supplies.

*** Njtermative indicators, such as personal debt,
may beocome more valuable at providing insight into
energy consumption pattems.

As California’seconomy recovers and changes,
it is critically mportant that the Energy Corrmission
adapts its derrand forecasting rrockls epproprialely.
Staff will consicker inoorporating such factors in
future R forecasts while continuing to engegewith
avariety of ecorormic and dermographiceserts.

S Greratin hpecs

The CED 2011 Frefiminary forecast includes the
impacts of onesite distributed generation 006 used
in large-scale facilities and of the major incentive
progranTs designed 1o provote self-gereration. The
forecast uses a trend analysis o project selfgener-
ation, ecept in the caseof esidential Fvs and solar
wiater neaters, where It uses a new predictive model.
Thee incentive programs include:

*** Brrerging Renewables Program @P): This pro-
gramis managed by the Energy Commission.

*** CalifomiaSolar Initiative (CS1): This programis
managedby the CALC.

*** B f-Generation Incentive Program (SGP): This
programis managed by the CRLC.

*** New Solar Homes Partrership (N\8-P): This pro-
gramis managed by the Energy Commission.

¥ Utility Incentives: Administered by publiclyoaned
utilities such as SacramentoMunicipal Utility Dis-
trict (QVLD), LADAP, Inperial Irigation District,
BurbankWater and Power, City of Gendale, and
City of Pasadena.

The gereral strategy of the BRP, CEl, 96, and
NeHP progranes is o encourage dermand for seff-
gereration techrologies, such as PV systerrs, with
financialincertives until the market increases and
achiewes soconomies of scale and decresses the
capital costs. The edent towhich consumers see
real price declireswill depend on the inferplay of
supplier esgectations, the future level of incentives,
ancl derrend as manifested by the rurrberof states o
countries offering subsicies.

Figure 11 shows historical and espected pealk
impectsof self-generation, which are projected 1o
rechice pealkd load by rrore then 3,000 MV by 2022,
MHistorical impects were revised dowrwerd because
aorre self-generationdatawas found tobe misclas-
sified 5o CED 2008 projections beginwell above
estirmates of historical inpects. Higher projections for
P peak irnpacts in both the residential and come
rrercial sectors drive total self-gereration peak above
CED 2008 levels by 2000 in all three soenarics. The
termporary flatteningof the curves after 2016 cor-
responds o expirationof theCBl program.

Table 10 shows historical and projected statewide
electricity consurmption fromself-generation, and
i broken out info P and non-+ applications. For
trachtional combired heat and pover (GHP) techrolo-
gies, seif-generation is assurmed aonstant, so that
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retirect CH- plants are replaced with new ones with
no et change ingeneration in the current forecast.
Caven the Chvernor's policy goals for CHP and D5

anc the recent qualifying Tecility seltlerrent to CH®,

in future EFRs therewill be a rore comprehensive
assesgment of the status of G- in Califormia, As part
of thiseffort, the staff will be developing scenarios
for this techrology for the revised forecast. Crowth

innon- self-ceneration oomes rainly from recent
increases in the applicationof fuel cells and other low

ermissions techrology, projected forward.

Bragy Bfidaoy/hpeds

Califomia’senergy policy identifiesenergy efficiency
as the “resourceof firstchoice” for meeting Califor-
nia’s future energy needs. As such, efficiencycodes
and standards, programs, and other policies playa
central role inCaliformia’senergy procuraent and
transmissionplens and are a strategic elerrent in

the state's greenhouse gas ermission recuction goals.
Uit other rescurces that are deployed tormest
cerrand, energy efficiencyreciices corsunrption and
is thevefore consicdered in the derrand forecast, either
ervbedded directly within the forecasting odels or as
an increrrental effect subltracted from the rmodef out-
ot Inboth cases, staff is ensuring thet the dermarnd
forecast reflectsreasonable levels of efficiencyfoma
cormprehensive set of efforts exected foocour.

The CED 2011 Heliminary forecast continues the
long-starding practioe of distinguishinghetaeen two

tees of “ressonebl-egected-to-occur” savings —
corrrnited and usmwwm@d_ Corrritted efforts 1o
recluce dervend include authorized utility prograrms,
firglized buiiding and appliance standards, and other
policy initiatives that hene irrplerentation plans,
firrrfundling, and a design that can be technically
assessed o detenrrire probeble future impacts. Come
rritled savings also include price and market effects,
which represent savings fromrate increases and

10

other rrarket effects not related directly 1o standards
ared progrars. These savings are incorporated directly
into the forecast. Uncormmitted savings —which,

Tile plausible, heve a great deal of uncertainty
surounedi r@ﬂm*@tm tirning, and refative irmpact
of their implerentation— are consickred separately
within the CED 2071 Frefiminery eralysis.

Tre Energy Cormmission developsd the dermand
mm%t’mg rrockels inaway that promotes the inclu-
sionof buliding and applisnceefficiencystandards,
The rrockels distinguish among vinteges of floor spece,

1sing, and ecuipment. As a new bulldingor plece

of equiprrent is added, the rodel assures s energy
e characteristics meet — at aminimum-— the appli-
cable standards. Following the effective mﬁfwmm

tion date, starciards gmdmaz mﬁm an incressingly
larger proportion of the total building and appliance
stock. Each oycle of progressi W’I‘;f tightered standards
can be evaluated to determine the acditional energy
savings contributed fromesch vintage of standands
by corrparing okl outputs.

Messuring the effects of utility prograrms poses a
greater challenge, as cusiomer participation isvolune-
tary and is rrotivated by a complex set of interactive
effects. Also, custormers rray replace appliances well
before theend of their usefulress, andwhile data
rrey be evailableon the efficiencyof new appliances,
the referenoe level of efficiencyis often unknown for
e replaced appliances

Tohetter reasure programyinpects, staff lever-
aged the CHFUC s rrost recent efforts tomessure
utitity prograrm savings. The CRUC Ernergy Ulvision's
rhesedestimates of programsavings from
the 20062008 programeycle, aswell as additional
evaluation for 2008 programs, represent thermost
thomugh and cormprehersiveeffort o date. This un-
prececkented level of detalled evaluationdata, however,
appliss only o programs implermentedwithin the lest
four vears, Therefore, staff modkled the uncertainty
surounding the performance of future Drograms us-
ing scerario analysis.

exaluati
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Because a clear, consistent record of evalu-
ated efficiencyorogramachieverrents is not readily
aveileble, ™ there is a great deal of unoertainty
around ary estimeteof historical program rnpacts.
This uncertainty, alongwith uncertainty around at-
fributionof savings among stardards, prograns, end
priceeffects, has been the subject of debate inrecent
Lerrand AnalysisWorking Croup meetings. Sorre par-
ties have insisted thet Erergy Cormmissionderrand
forecasts incorporate historical program impects that
are vastly underesstinrrated and/or credit oo ruch sav-

12286 discussion of EMBY requirements over time in Kavalec,
Chris and Don Schultz, Mey 2011, EfficiencPrograms: Incor-
poratingHistorical Activities Into EnergyCompriission Dernancd

‘ , draft staff paper, California Energy Corm—mission,

Electricity Supply Analysis Division, CEC-200-2011-005-30,

aveilable at: www energy.ca gov/ 201 publicationsdCEC-200-

Z0H1-00BCEC-200-2011-006-5D pdf.

2006

111

T - - - TR RSP R
& o o £ = = i) et
oy Fox) £ Eax) £ Pl o o

ings to standerds and price effects, especiallybefore
1608, A recent staff paper surrrarizes the positions
of various parties.™

Staff believes that the forecasting process vields
‘ bleestimates of total savings but adaowd-
eciges and sheres concems voloed by staleholders
about savings attribution. Trerefore, the CED 2071
Feliminary provides ro attribution ervong the three
sources (prograns, coces and standands, and price
ard market effects) ecept for estimates of standa
impects. Inother words, it provides ro specificesti-

b

i

123Califomia Erergy Cormmission, Electricity Supply Analysis Divi-
sion, Chis Kawalee, BhergyEfficiencdrogre zation
inErergyCorrmission Derrand Forecasts: Stakeholder Ferspec-
tvess and Staff Recornmendations: Draft Staff Faper, August
201, CEC-200-2011-0n0-50, availeble al: wawerergy.
ca.gov20  publications/CE-200- 201-0OICEC-200-2011 -
10-S0palf.

“harac

€
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rrates of programard priceeffects. Staftwill con-
tinue towork with stakeholders on these issues, with
the goal of showing attribution for at least somevears
in future reports. Fgure 12 shows total historical and
projected cormmnitted efficiencysavings fromthe three
ouroes starting in 1990, Annual tolals are relative (0
corclitions in 1975, before the state inplerrented the
firskefliciencystandards,

Beyord these cormitied impacts, the CHUC,
srercy Corrmission, California Air Mesouroes Board,
aned the Legisiature have set efficiencyoets without
approval of specificorogram designs or authorizstion
of actual program funding levels. Staff rust corsicer

long-termutility savings goals, future updates o Title
20 and Title 24 codes and standarnds, and statewide
policy initiatives In celemrining ncrermental unoorrit-
ted enengy efficiencyirmpects — mpects that ae inad-
dlition those alreacly included in the beseling forecast,

Luring the 2008 EHR oxcle, at the request of the
CHUC, staff began o aseess theeffects of increrren-
tal unoormmitted m*w*gy efficiercyeolioy initiatives.
Staft included policy initiatives in the analysis similar
o theseoriging Zyezm uaited by Hron and acopted by
the CFUZ in the 2008 EnergvErflciencioals Upoalte
Feport (2008 Ghals Studh.* The increrrental uncom-
rritted enalysis for CGED 2071 Heliminary slso relies
on the 2008 Coals Siudybut is updated to acoount
for the passage of tirve. Therefore, some initiatives
corsidered unoormmitted in 2009 are now inoorpo-
rated in the conmmitted forecast, (Figure 12 incluces
estirmated savings. ) The rewly corrmitted initiatives
incluce Assermbly Bill 1109 (Huffrman, Chapter 534,
Statutes of 2007 and the 2010 Title 24 BuildingCode
Fevisions. In addition, the CED 2011 M@;’mﬂd@/m-
tends uncornmnitted enalysis to publicly owned utiliti
The uncormmitied efficiencyinitiatives In CGED 20711
Fefimirery incluck

124 ttron, Inc. Assistance inUpdating the Brergy Efficiencavings
Goals for 2012 and Beyond, acopted by CRUC inMairch 2007,
WAMN.CELIC. Ca goVINR rdonlyres, SEE2.3-FC10-4064-AFE3-
AABSI00BEBAB oals JodateReport pdf.

fiffl - — o i+

% Utility prograrms beyond 2012, including residen-
tial, commercial, and industrial.

*** Further updates to state Title 20 and 24 stan-
dards along with updated federal appliancestandards.

***The CRUC’s Big Bold Energy Efficiencyinitiatives.

Ag inthe 2008 Goals Shudy, CED 2011 Prefiminery
assurmed varous levels of commitrrent o these
policies o create three soenarios of uncommitied

efficiencysavings - high, rredium, and low. By 2022,
consurrption in the mid-cermand casewould be
recuced 5.3 pereent if adjusted by the low savings
scenarioand 6.2 pereent using high increrrental
urcornmitied savings. For pesk, the reductions
raroe from 4.8 peroent t0 9.5 peroent, higher then
consurrption because the end uses targeted by these
initiatives terd to have higher-thar-averagepesk-to-
m*@ym@wmm ratics.

rhining the high dermend case with the low
incrervental unconrmitied efficiency soenario and the
low-cerrend casewith the highefficienowscenario
gives arargeof “maraged” forecasts. Slatewide,
adiusted consurrptionranges from around 284,000
CWAh o 322,000 CGAR, compared 1o 313,000CGMA T
332 D00CGAR for unadjusted consurmption. For peak
cervand, the adiusted range 1s 63,000 MVIo 71,000
MA cormpared to the unediusted range of 70,000
MV 1o 74 000 NMA In these adjusted rid- and low-
cerrend cases, peak dernand begins to drop slightly
by the end of the forecast period, Fesk dervand in
the low case drops slightly below the actusl 2010
statewide (nonooincicent) level,

The CHUDs new Folential and Gosls Studyis
urckerway and is eqected tobe corpleted inlate
surrrrer 2012, This schedule does rot allow the shudy
tobe fully incorporated in the revised or finakcooted
e ey mxrw forecasts, but CRUC staff infends 1o
interimstudy results fo recormnend changes
to the incrervental uncommitied efficiencyimpacts

<9
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cevelopsd Trom the 2008 Cosls Study Thus, the un-
corrrnitted results will likely differ in the revised and
acopted B forecasts cormpered to the preliminany.

13
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Moving Energy Storage fro

Concept to Reality:

v

Southern California Edison’s Approach to Evaluating Energy Storage

Abstract:

The electric industry has pursued cost-effective energy storage for many decades. In a
business traditionally constrained by the need to instantaneously match demand with
supply, the potential to store generated electricity for use during more valuable periods
has been long recognized. In recent years a series of factors, including technological
progress, legislative and regulatory tailwinds, and new grid challenges associated with
integrating variable renewable generation, have propelled energy storage to the forefront
of industry consciousness. This excitement, however, does not by itself resolve the
various complexities facing energy storage. Even the definition of “storage” can be
confusing, as the term refers to multiple different technologies and potential uses across
the electrical grid. Additionally, while these options continue to develop and emerge,
there is little consensus on how their worth should be evaluated. Recognizing these
challenges, this white paper offers a methodology for contextualizing and analyzing the
broad and heterogencous space of energy storage, and it ultimately 1dentifies applications
currently viewed as having the greatest potential value from Southern California Edison’s
(SCE) perspective. It 1s SCE’s goal to advance the storage discussion towards the vision
of a more reliable grid, with reduced environmental 1mpacts, at overall lower costs to
electric consumers.

4l
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renewable energy. The project further measured the effects of renewable variability on
system operation, and then ascertained how energy storage and changes in energy
dispatch strategies could improve grid performance. The white paper, therefore, was not
intended to provide a holistic assessment of storage, and instead modeled the specific
operational impacts associated with pre-defined renewable penetration scenarios.

Major paper conclusions include:

ffi The CAISO (California Independent Service Operator) control area may require
between 3,000 and 5,000 MW of additional regulation/ramping services from fast
(5-10 MW per second) resources in 2020. These ramping requirements are driven
by longer-duration solar and wind variability.

ffi The short-duration volatility of renewable resource output will require additional
automatic generation control (up to double current levels).

ffi Fast (defined as 10 MW per second) storage is two to three times more effective
than conventional generation in meeting ramping requirements. Consequently, 30-
50 MW of storage is equivalent to 100 MW of conventional generation.

ffi Energy storage may reduce the greenhouse gas emissions associated with

committing combustion turbines for regulation, balancing, and ramping duty.

In summary, this report provides an analysis of renewable resource impacts on
California’s grid operations — particularly the changes in ramping and regulation
requirements — and offers storage as a promising mitigation option. While insinuating
that storage could be the most cost-effective solution for renewables integration, the
authors do not thoroughly demonstrate this through full benefit-cost modeling.
Additionally, the analysis 1s by design bounded in scope and therefore lacks the breadth
of potential operational uses necessary to fully evaluate energy storage applications, even
those addressing renewable intermittency, across the electric value chain.

In late 2009, EPRI published a report valuing specific energy storage projects and
technologies.!” Like the CEC white paper, it focused on storage’s potential to provide
solutions for renewables integration issues, specifically those caused by excess wind in
the Electric Reliability Council of Texas (ERCOT) region. In contrast, EPRI approached
its assessment through the lens of market-based analyses on four broad storage
technology options: 1) Compressed Air Energy Storage (CAES), 2) Liquid Air Energy
Storage (LAES), 3) bulk batteries, and 4) distributed batteries.

For each technology, the report assessed the rate of return from a potential independent
investor’s perspective by computing net operating incomes. These were driven primarily
by the costs and revenues associated with arbitraged on and off peak energy price spreads
and the market rents from offering ancillary services. The authors also assessed a broader
societal benefit-cost ratio which included congestion relief and the impact on carbon

T Electric Power Research Institute, Economic and Greenhouse Gas Emission Assessment of | tilizing Energy Storage Svstems in
ERCOT, 1017824, Technical Update: November 2009
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potential operational challenges associated with integrating large amounts of intermittent,
must-take renewable energy into the electric grid.

11. Transmission system short-duration performance

Energy storage, if installed in large enough quantities, could be used to improve short-
duration performance on the transmission system. This includes improving system
voltage or providing capacity (fault duty) during system faults. The clearest way in which
energy storage could perform this operational use is if it were to replace a device that
currently improves transmission system performance (e.g., capacitor banks or Flexible
AC Transmission System (FACTS) devices). If a storage device can be shown to provide
one or more useful transmission services, the device could be included in a transmission
planner’s toolkit, and taken into consideration in the transmission planning process.
Another way in which a storage device could perform this operational use is by
preventing an issue causing problems on the transmission grid. For example, if
extremely variable wind production was causing transmission system performance issues,
and a large energy storage device firmed or smoothed this energy, it could be
simultaneously providing the renewable energy smoothing / firming use while also
improving transmission system performance.

12. System inertia

System 1nertia is provided today by large, conventional generation resources. The
“spinning mass” of these devices can provide large amounts of power to the grid
instantancously in the case of a system reliability event. While storage would not do this
exactly, the power electronics associated with a device could be designed such that they
simulate system inertia by quickly discharging power onto the grid, if and when required.

13. Congestion fee avoidance

When a transmission line is congested, higher “fees” are incurred when transmitting
energy. Avoiding such congestion would therefore circumvent these costs. Using an
energy storage device to time-shift energy demand or supply, by transporting energy
during off-peak hours and storing that energy downstream of the transmission line, would
avoid such congestion and associated fees.

14, Transmission system upgrade deferral

When a transmission line or component is consistently overloaded, an infrastructure
upgrade may be required. An energy storage device could be used to time-shift energy
demand / supply (as per use #13, above) to avoid such problematic transmission
congestion. The upgrade could be deferred until additional load growth ultimately
necessitates the infrastructure improvement or if load requirements for that transmission
path remain stable, energy storage could defer the upgrade more permanently.

15. Transmission system reliability

An energy storage device could be used to improve the reliability of the transmission grid
in two ways. First, the energy storage device could replace a technology solution that
currently improves system reliability (e.g., a Static VAR Compensator). As explained in
use #11, if a storage device can be shown to provide one or more useful transmission

€1
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COMMENTS OF THE STAFF OF THE
CALIFORNIA PUBLIC UTILITIES COMMISSION
ON THE DRAFT STUDY PLAN
(FEBRUARY 21 DOCUMENT AND FEBRUARY 28 MEETING)

k4 k4 we L4 we we e

March 14, 2012

Introduction

The Staff of the California Public Utilities Commission (“CPUC Staff”)
appreciate this opportunity to provide comments on the California Independent System
Operator’s (“ISO”) 2012-2013 Transmission Planning Process (“TPP”) Draft Study Plan
(“Study Plan”) dated February 21, 2012 and discussed at the February 28 stakeholder
meeting. We provide the following limited comments which mainly concern the need to
provide greater transparency and disclosure in some areas, and especially the need to use
the latest load forecast and to both include and take into account study cases that project
continuing (“incremental””) Demand Side Management (DSM) and Combined Heat and

Power (CHP) measures over the 10-year planning horizon.

I. 2012-2013 TPP Studies Should Use the Latest Energy Commission Load
Forecast and Showld Include and Take Into Account Reasonably Expected
Incrementall Uncommitted)DSM and supply-and demand-sideCHP.

It is essential that planning assumptions be as up to date as possible, and for that
reason the studies should be based on the current than the Energy Commission revised
load forecast released on February 21, 2012, and if possible, the Energy Commission’s

final forecast expected to be released by the end of March. Additionally, assessment of

<!~
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transmission needs ten years out could be significantly influenced by which Energy
Commission load forecast 1s used. CPUC resource planning via the Long Term
Procurement Plan (LTPP) process assumes that DSM' and CHP® programs will continue
and not simply terminate or “drop off a cliff” when their currently authorized funding
ends. Therefore, the LTPP process “manages” CEC load forecasts to include such
“mcremental” CHP and DSM reasonably expected to occur. The sclected values are
modified downward from goals or potential study assumptions to account for uncertainty
through stakeholder processes. For consistency with resource planning and to avoid a
narrowly conservative picture of 10-years-out transmission needs, the ISO’s 2012-2013
TPP studies should meaningfully assess scenarios that include the above incremental
DSM and CHP, and should not identify major 10-year transmission needs without
assessing the extent to which those needs would exist under load forecasts that include
incremental DSM and CHP

2. The Generation Assumptions Should be Consistent with State Policy and
Reasonable Expectations

The assumptions on generation retirements only include generation units that
have announced plans for retirement. A significant number of older plants are subject to
the Water Resource Control Board’s policy on cooling water intake structures. As such,
these plants will require significant upgrades to operate past the policy’s compliance
dates. Many of the plant owners have indicated’ they would repower units if they receive
a long term contract and will retire the unit if they do not. Previous ISO analysis has
indicated that not all the older steam generators will be needed. Assuming none of these

plants retire biases the TPP analysis and provides no information on the trade-oft
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between any needed transmission upgrades and new generation or repowers.

Furthermore the retirement assumptions should be such that the generation 1s assumed
retired consistent with current Water Resource Control Board policy compliance dates. It
is important to note that to the extent these units are needed for proven reliability reasons,
the Statewide Advisory Committee on Cooling Water Intake Structures 1s tasked with
making annual recommendations to the Water Resource Control Board on any needed

changes to the implementation schedule.

3. AssumptionsUnderlyingLocal Capacity Requirements(LCR) and
Once Through Cooling (OTC)/AB 1318 Studies Need to Be Clearly
Explained within the Study Plan (and Ultimately within the 2012-2013
Transmission Plan), and Diverg ence from Planning Assumptions
Usedby the CPUC and CEC ShouldBe Justified.

The draft 2011-2012 Plan referred to external planning materials when describing
certain LCR and OTC” study assumptions. Combined with a more general need for
greater clarity regarding assumptions for these studies, this made it difficult to assess
exactly what inputs and assumptions were used.” This situation can complicate use and
acceptance of the ISO’s modeling results in other proceedings, and can impair ability to
understand apparent discrepancies across different studies or projections. Therefore,

CPUC Staff emphasize the need for clear documentation of LCR and OTC/AB1318°
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study assumptions, within the 2012-2013 TPP Study Plan, and ultimately within the

2002-2013 Transmission Plan itself.

4. There Should be Sufficient Description of Any Major Transmission
Additions Broughtinto the Base Case from the Generator
Interconnection Process (GIP).

For several years the ISO, CPUC, and other stakeholders have been pursuing the

challenging goal of reducing the role of piecemeal transmission planning via the
planning via the TPP. Recent steps in this direction include Cluster 1-4 deliverability

study refinements and the TPP-GIP’ integration initiative.

Thus, it 1s essential to adequately describe and analyze from a system-wide
perspective any major GIP-driven transmission additions that are being imported directly
into the 2012-2013 TPP base case. The 1SO should explain which executed
interconnection agreements result in transmission upgrades and their inclusion or
exclusion from the base case and why this determination was made. Furthermore, there
should be clear explanation of the correspondence between generation additions driving
(or supported by) GIP-driven transmission additions and the study plan’s established
resource portfolios. The consequences for the Renewable Portfolio Standard (RPS)

portfolios if particular GIP-driven upgrades were to be omitted should also be described.

The above information would support better understanding of the overall role of
the proposed GIP-driven transmission projects. Additionally and importantly, it would
inform resource planning and portfolio development.

At a minimum, the additional information that should be reported for any GIP-
driven transmission facilities included in the base case includes the following.

The physical/electrical/economic characteristics of such facilities,

including voltage, transfer capability increase, endpoints, in-service date
and cost.
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The MW and locations of (1) the renewable (and other) generation having
signed interconnection agreements for which the GIP-driven facilities are
needed and (2) separately, the amount of additional generation (beyond
that having signed interconnection agreements) that could be
accommodated by such added transmission facilities.

Whether the added GIP-driven facilities would be needed for reliability or
deliverability purposes.

The modeled 8760-hour utilization of the added facilities under the
different RPS scenarios studied. Such utilization should also be reported
for other major transmission additions.

5. Methodology, Assumptions and Ultimate Planning Role for RPS
Resource-Related Reliability and Deliverability Studies Need to Be
AdequatelyExplainedand Justified

This 1s especially important in light of the anticipated increased importance of the

TPP to plan delivery network upgrades under TPP-GIP integration reforms. The ISO

should clarify the relative roles, in upcoming studies and 2012-2013 Plan development,

of on-peak deliverability studies conducted for RPS portfolios versus 8760-hour
simulations of potential resource curtailment (dump energy) for those same portfolios.

Furthermore, the assumed output levels (relative to maximum capacity) for wind and

solar generation should be more fully and quantitatively described than in the past,

particularly for major resource areas and under scenarios (and in locations) where
transmission additions are identified.

It appears that for the 2011-2012 Plan development, deliverability studies set
wind and solar output levels somewhere between the 50% and 20% exceedance levels®
over the Qualifying Capacity (QC) period’. This suggests that the amount of transmission

capacity required for deliverability under such conditions would exceed what is needed to

o o
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deliver the resources at their resource adequacy (Net Qualifying Capacity'®) levels. This

should be claritied and justified.

It is unclear, and needs to explained and taken into account when performing and
interpreting studies, what should be the role of reliability studies conducted for RPS
portfolios within the TPP. For example, are such results only informational, in that
reliability network upgrades will be planned via reliability studies conducted for specific
resources in the interconnection process? Similarly, the relationship between the 1ISO’s
standard TPP reliability studies for different parts of the grid (based on North American
Electrical Reliability Corporation (NERC) and Western Electricity Coordinating Council
(WECC) relability criteria) versus reliability studies conducted specifically for RPS
portfolios should be made clear.

For reliability and deliverability studies:

Differences in assumed wind and solar output levels (deliverability vs. on-
peak reliability studies) should be clarified,

The assumed output of thermal generation at risk of retiring by 2022

should be clearly identified and the consequences of including versus
excluding this generation in the reliability and deliverability studies should
be clearly explained.

6. Key Economic Study Parameters Should be Sufficiently
Documented, and Transmission Additions Identified Pursuant to
Economic Study Requests Should be Eligible to Substitute for
Other Transmission Additions Under Certain Circumstances.
Transmission costs can be high and can exceed estimates, especially in California
and especially when encountering major siting issues. When conducting and reporting on
economic congestion studies including the anticipated multifaceted Fresno/Central Valley
study, as well as studies responding to study requests, the ISO should describe the source
and rationale for transmission cost estimates. Assumptions and methods used to convert

direct capital costs to total ratepayer costs, and to calculate various kinds of benefits
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against which costs are compared, such as summarized in Section 5.4.4 of the 2011-2012
draft Plan, should be documented and justified. Finally, given the uncertainties in both
future circumstances and in appropriate selection of economic parameters, economic
assessment of large potential transmission projects should be augmented with sensitivity

analysis regarding key assumptions and economic parameters.

When an analysis performed for a study request identifies an efficient alternative
to previously identified transmission additions'", the ISO should evaluate which

alternative produces the best value for ISO ratepayers.

7. Major Identified “Reliability” Transmission Needs Based on N-2
(Category C) Contingencies Should be Adequately Justified

Transmission planning studies have sometimes identified costly or difficult to
permit transmission additions based on N-2 contingencies. NERC, WECC and ISO
reliability and planning standards do not require avoidance of load shedding under N-2
contingencies, but provide that transmission additions to address such contingencies may
be considered taking into account the specific circumstances of the contingences,
consequences and mitigation. If considering major transmission additions to address N-2
contingencies, the ISO should provide substantial, transparent analysis and information
regarding the contingencies and their likelihood; the magnitude, duration and costs of

load shedding; and the costs and effectiveness of alternative solutions. 1

8. Studies of Transmission Additions to Reduce LCR Subareas Should
be Conducted
Due to conflicting OTC requirements and local air emissions requirements, there
arises the necessity to perform additional analysis related to compliance that may not just
be generation retirement or repowering. Transmission improvements specifically to

reduce reliance on OTC plants as well as particular locations in the transmission topology
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(such as LCR subareas) are required in order to inform compliance alternatives for
generating asset owners who have the choice of either retirement inside the current ISO
transmission topology, repowering inside the current ISO topology, or undertaking
another alternative such as refitting their water intake structures. Most importantly,
transmission improvements for a future ISO transmission topology that reduce LCR
requirements in sub-areas also needs to be examined, which the ISO has not addressed in
a systematic manner. It is critical to be able to evaluate these tradeoffs in order to

minimize ratepayer costs and make the most efficient decisions possible about future

resource mvestment.

9. The Generation Assumptions Should be Consistent with State Policy and
Reasonable Expectations

Due to conflicting OTC requirements and local air emissions requirements, there
arises the necessity to perform additional analysis related to meeting reliability needs by
creating options other than generation retirement or repowering. Transmission
improvements specifically to reduce reliance on OTC plants as well as particular
locations 1n the transmission topology (such as LCR subareas) are required in order to
inform compliance alternatives for generating asset owners who have the choice of either
retirement inside the current ISO transmission topology, repowering inside the current
ISO topology, or undertaking another alternative such as refitting their water intake
structures. Most importantly, transmission improvements for a future ISO transmission
topology that reduce LCR requirements in sub-areas also needs to be examined, which
the ISO has not addressed in a systematic manner. It is critical to be able to evaluate
these tradeoffs in order to minimize ratepayer costs and make the most efficient decisions

possible about future resource investment.

Contacts:

Keith White, kwh@cpuc.ca.govq
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Reactive Power and Importance
to Bulk Power System
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Where Does Reactive Power Come From?

ffi “Power” refers to the energy-related quantities
flowing in the T&D network

ffi Instantaneously, Power is the product of voltage and
current

ffi When voltage and current are not in phase or in
synch, there are two components

ffiReal or active power is measured in Watts

ffiReactive (sometimes referred to as imaginary)
power is measured in Vars

ffi The combination (vector product) is Complex
Power or Apparent Power

ffi The term “Power” normally refers to active power




0vZ81L0 S¥ID dS

Why Do We Need Reactive Power

(“Signatures of the Blackout of 20037,
Roger C. Dugan et. al.)

pC emanded Q y/ a
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Reactive Power Compensation Devices
Advantages and Disadvantages

ffi Synchronous Condensors - synchronous machines
designed exclusively to provide reactive power
support
ffi At the receiving end of long transmission lines
ffi In important substations
ffi In conjunction with HVDC converter stations.
ffi Reactive power output is continuously controllable

ffi Static VAR compensators — combine capacitors and
inductors with fast switching (sub cycle, such as
<1/50 sec) timeframe capability

ffi Voltage is regulated according to a slope (droop)
characteristic

18



PUBLIC UTILITIES COMMISSION
OF THE STATE OF CALIFORNIA

Order Instituting Rulemaking to Oversee

the Resource Adequacy Program, Consider
Program Refinements, and Establish Annual
Local Procurement Obligations.

Rulemaking 11-10-023
(Filed October 27, 2011)

CALIFORNIA INDEPENDENT SYSTEM OPERATOR CORPORATION
SUBMISSION OF
2013 LOCAL CAPACITY TECHNICAL ANALYSIS

FINAL REPORT AND STUDY RESULTS

The California Independent System Operator Corporation respectfully submits the
ISO’s 2013 Local Capacity Technical Analysis Final Report and Study Results (2013 LCR
Study) in accordance with the Order Instituting Rulemaking issued on October 27, 2011.

In addition, consistent with Rule 1.9, a copy of the document may be requested by

telephone at 916-351-2212 or by email at apascusso@caiso.com.

Respectfully submitted,

/s/ Beth Ann Burns
Nancy Saracino
General Counsel
Anthony lvancovich
Assistant General Counsel
Beth Ann Burmns
Senior Counsel
California Independent System
Operator Corporation
250 Qutcropping Way
Folsom California 95630
Tel. (916) 351-4400
Fax. (916) 608-7222
Email. bburns@caiso.com

Date: May 2, 2012
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Il Executive Summary

This Report documents the results and recommendations of the 2013 Local
Capacity Technical (LCT) Study. The LCT Study assumptions, processes, and criteria
were discussed and recommended through the 2013 Local Capacity Technical Study
Criteria, Methodology and Assumptions Stakeholder Meeting held on November 10,
2011. On balance, the assumptions, processes, and criteria used for the 2013 LCT
Study mirror those used in the 2007-2012 LCT Studies, which were previously
discussed and recommended through the LCT Study Advisory Group (‘LSAG”)', an
advisory group formed by the CAISO to assist the CAISO in its preparation for
performing prior LCT Studies.

The 2013 LCT study results are provided to the CPUC for consideration in its
2013 resource adequacy requirements program. These results will also be used by the
CAISO as “Local Capacity Requirements” or “LCR” (minimum quantity of local capacity
necessary to meet the LCR criteria) and for assisting in the allocation of costs of any
CAISO procurement of capacity needed to achieve the Reliability Standards
notwithstanding the resource adequacy procurement of Load Serving Entities (LSEs).2

Please note that these studies assume that SONGS will be fully operational in
2013. At the time this study was completed, SONGS was on an extended forced
outage and the expected date that it would return to service was unknown. The ISO will
continue to monitor the status of SONGS and reassess the 2013 LCR values, as

neadead,

" The LSAG consists of a representative cross-section of stakeholders, technically qualified to assess the
issues related to the study assumptions, process and criteria of the existing LCT Study methodology and
to recommend changes, where needed.

2 For information regarding the conditions under which the CAISO may engage in procurement of local
capacity and the allocation of the costs of such procurement, please see Sections 41 and 43 of the
current CAISO Tariff, at: http://www . caiso.com/238a/238acd24 16710 html.
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Below is a comparison of the 2013 vs. 2012 total LCR:

2013 Local Capacity Requirements

2013 LOR Need Based on

2013 LOR Need Based on

Qualifying Capacity Category B Category C with operating
procedure

Local Area Name &?uiii Market, Total g;:g;?@ Deficien Total gg;if;:@ Deficien Total
mawy| MW) | (MW) |- oeded | &Y | (MW) | Needea | €Y | (MW)

Humboldt 55 | 162 | 217 143 0 143 190 2o+ | 212
mﬁg ggim” 130 | 730 | 860 | 620 0 629 629 o | 629
Sierra 1274] 765 | 2039 | 1408 0o | 1408 | 1712 | 218 | 1930
Stockton 216 | 404 | 620 | 242 0 242 413 154* | 567
Greater Bay 1368| 6296 | 7664 | 3479 0 | 3479 | 4502 0 | 4502
Greater Fresno 314 0 25038 | 2817 1786 O 1786 1786 0 1786
Kern 684| o0 | 684 | 205 0 295 483 42 | 525
LA Basin 4452| 8675 | 13127 | 10295 0 | 10295 | 10295 0 |10295
o0 trocld 1179| 40907 | 5276 | 2161 o | 2161 | 2241 o | 2241
ﬁgﬁﬁ%m 158 | 3001 | 4140 | 2038 2038 | 2038 | 144* | 3082
Total 9830| 27632 | 37462 | 23376 23376 | 25189 | 580 |25769

2012 Local Capacity Requirements

2012 LCR Need Based on

2012 LCR Need Based on

Qualifying Capacity Category B Category © with operating
procedure
Local Area Name MQuFr:i Market Total ([;E::o@j:;?@ Deficien Total gﬁﬁﬁg Deficien Total
)| MW | MW) | Needed | Y | MW) | Needearr | Y | (MW)
Humboldt 54 168 222 159 0 159 190 22* 212
Morth Coast /
North Bay 1311 728 859 613 0 613 813 0 613
Sierra 1277, 760 | 2037 1489 36* 1525 1685 289* | 1974
Stockton 246 | 259 505 145 0 145 389 178* 567
Greater Bay 1312 5276 | 6588 3647 0 3647 4278 O 4278
Greater Fresno 356 2414 | 2770 1873 0 1873 1899 8* 1907
Kern 602 9 611 180 0] 180 297 28* 325
LA Basin 4029 8054 12083 10865 0 10865 10865 0 10865
Big Creek/ 1191| 4041 | 5232 | 3093 o | 3093 | 3093 0 | 3093
Ventura
San Diego 162 | 2925 | 3087 2849 0 2849 2849 95* 2944
Total 9360 24634 | 33994 1 24913 36 24949 26158 620 | 26778
2
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* No local area is “overall deficient”. Resource deficiency values result from a few deficient sub-areas; and
since there are no resources that can mitigate this deficiency the numbers are carried forward into the
total area needs. Resource deficient sub-area implies that in order to comply with the criteria, at summer
peak, load may be shed immediately after the first contingency.

** Since “deficiency” cannot be mitigated by any available resource, the “Existing Capacity Needed” will
be split among LSEs on a load share ratio during the assignment of local area resource responsibility.

Overall, the LCR needs have decreased by more than 1000 MW or about 4%
from 2012 to 2013. The LCR needs have decreased in the following areas: Sierra,
Fresno and LA Basin due to downward trend for load; Big Creek/Ventura due to
downward trend for load, new transmission projects as well as load allocation change
among substations. The LCR needs are steady in Humboldt and Stockton. The LCR
needs have slightly increased in North Coast/North Bay, Bay Area and Kern due to load
growth; San Diego due to load growth as well as deficiency increase in two small sub-
areas however the total resource capacity needed for San Diego decreased slightly
mainly due to changes to the WECC Regional Criteria® related to the definition of
adjacent circuits resulting in the performance requirements for the simultaneous loss of
the Sunrise Power Link and South West Power Link being classified as Category D as
to compared to a category C event as well as elimination of WECC 1000 MW path
rating on Sunrise Power Link. However, over the longer-term, there are expected LCR
deficiencies in San Diego area due to the 2017 OTC compliance date for the Encina
power plant and to the most restrictive contingency for this area limiting the pool of
resources (qualifying capacity) effective in addressing the local area needs.
Furthermore the San Diego local area has been expanded to include the Imperial Valley
substation because the newly formed local area has higher requirements than the
existing San Diego local area alone. The write-up for each Local Capacity Area lists
important new projects included in the base cases as well as a description of reason for
changes between 2013 and 2012 LCRs.

The ISO has undertaken an LCR assessment of the Valley Electric service area.
There are no LCR needs in this new local area due to unavailability of local resources;
however there are two constraints that may require local area resources in the future.

Detailed results can be found in the Valley Electric section at the end of this report.

* TPL-001-WECC-CRT-2 System FPerformance Criterion — Effective April 1 2012

2
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The ISO has undertaken a non-summer season LCR assessment of the San
Diego area at stakeholder request. These results are for information purposes only and
they will not be used to alter the 2013 LSE local resource allocation. The LSE local
resource allocation is done based on the summer peak study as required by the ISO
Tariff. Detailed results can be found at the end of the San Diego - Imperial Valley area

section in this report.
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. Study Overview: Inputs, Outputs and Options

A. Objectives

As was the objective of the five previous annual LCT Studies, the intent of the
2013 LCT Study is to identify specific areas within the CAISO Balancing Authority Area
that have limited import capability and determine the minimum generation capacity

(MW) necessary to mitigate the local reliability problems in those areas.

B. Key Study Assumptions

1. Inputs and Methodology

The CAISO incorporated into its 2013 LCT study the same criteria, input
assumptions and methodology that were incorporated into its previous years LCR
studies. These inputs, assumptions and methodology were discussed and agreed to by
stakeholders at the 2013 LCT Study Criteria, Methodology and Assumptions
Stakeholder Meeting held on November 10, 2011.

The following table sets forth a summary of the approved inputs and
methodology that have been used in the previous LCT studies as well as this 2013 LCT
Study:
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The existing transmission system has been modeled

incly hing

ffi - Transiission System
Configuration all projects operational on or before June 1, of the study year
and all mhm feasible operational solutions brought forth by the
PTOs and as agreed to by the CAISO.

ffi  Generation Modeled The existing generation resources has been modeled and also
meluedes all projects that will be on-hine and commercial on or
before June 1, of the study vear

i Load Forecast Uses a L-in-10 vear summmer peak load forecast

Mmhm@m%

ffi - Maximize Import Capa Mm Inport capability into the load pocket has been maxmmized, thus
minimizing the generation required in the load pocket to meet
applicable rehiability requirements.

i QF/Nuclear/State/Federal Units | Regulatory  Must-take  and  similarly  sitwated  units  like
QF/Nuclear/State/Federal resources have been modeled on-line
at qualifying capacity output valoes for purposes of this LCT
Study.

ffi  Maintaining Path Flows Path flows have been maintained below all established path
ratings o the load pockets, including the 300 kV. For
clavification, given  the existing  transmission  system
configuration, the only 300 kV path that flows directly into a
load pocket and will, therefore, be considered in this LCR Study
is the South of Lugo transfer path flowing nto the LA Basin.

Performance Criteria:

ffi Performance Level B & C,
including incorporation of PTO

operational solutions

Fixed Boundary, nchuding
bimited reference to published
effectivencss factors

i

| This LCT Study

mce Level
C criterion, vielding the low and high

This LCT Study is being published based on Performa
B and Performance Level
range LCR scenarios. In addition, the CATSO will incorporate
all new projects and other feasible and CAISO-approved
operational solutions brought forth by the PTOs that can be
operational on or before June 1, of the stady year. Any such
solutions that can reduce the need for procurement to meet the

Performance Level C criteria will be mcorporated into the LCT

has been produced based on load pockets
defined by a fixed boundary.  The CAISO only publishes
effectiveness  factors where they are useful in facilitating
procurement where excess capacity exists within a load pocket,

Further
provided in Section Ill, below

r details regarding the 2013 LCT Study methodology and assumptions are
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C. Grid Reliability

Service reliability builds from grid reliability because grid reliability is reflected in
the Reliability Standards of the North American Electric Reliability Council (NERC) and
the Western Electricity Coordinating Council ("WECC”) Regional Criteria (collectively
“Reliability Standards”). The Reliability Standards apply to the interconnected electric
system in the United States and are intended to address the reality that within an
integrated network, whatever one Balancing Authority Area does can affect the reliability
of other Balancing Authority Areas. Consistent with the mandatory nature of the
Reliability Standards, the CAISO is under a statutory obligation to ensure efficient use
and reliable operation of the transmission grid consistent with achievement of the
Reliability Standards.” The CAISQ is further under an obligation, pursuant to its FERC-
approved Transmission Control Agreement, to secure compliance with all “Applicable

E f

Reliability Criteria.” Applicable Reliability Criteria consists of the Reliability Standards
as well as reliability criteria adopted by the CAISO (Grid Planning Standards).
The Reliability Standards define reliability on interconnected electric systems

¥

using the terms “adequacy” and “security.” “Adequacy” is the ability of the electric
systems to supply the aggregate electrical demand and energy requirements of their
customers at all times, taking into account physical characteristics of the transmission
system such as transmission ratings and scheduled and reasonably expected
unscheduled outages of system elements. “Security” is the ability of the electric
systems to withstand sudden disturbances such as electric short circuits or
unanticipated loss of system elements. The Reliability Standards are organized by
Performance Categories. Certain categories require that the grid operator not only
ensure that grid integrity is maintained under certain adverse system conditions (e.g.,
security), but also that all customers continue to receive electric supply to meet demand
(e.g., adequacy). In that case, grid reliability and service reliability would overlap. But
there are other levels of performance where security can be maintained without

ensuring adeguacy.

* Pub. Utilities Code § 345
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D. Application of N-1, N-1-1, and N-2 Criteria

The CAISO will maintain the system in a safe operating mode at all times. This
obligation translates into respecting the Reliability Criteria at all times, for example
during normal operating conditions Category A (N-0) the CAISO must protect for all

single contingencies Category B (N-1) and common mode Category C5 (N-2) double
line outages. Also, after a single contingency, the CAISO must re-adjust the system to
support the loss of the next most stringent contingency. This is referred to as the N-1-1
condition.

The N-1-1 vs N-2 terminology was introduced only as a mere temporal
differentiation between two existing NERC Category C events. N-1-1 represents NERC
Category C3 (“category B contingency, manual system adjustment, followed by another
category B contingency”). The N-2 represents NERC Category C5 (“any two circuits of a
multiple circuit tower line”) as well as requirement R1.1 of the WECC Regional Criteria®
("two adjacent circuits”) with no manual system adjustment between the two

contingencies.

k. Ferformance Criteria

As set forth on the Summary Table of Inputs and Methodology, this LCT Report
is based on NERC performance level B and performance level C standard. The NERC
Standards refer mainly to system being stable and both thermal and voltage limits be
within applicable ratings. However, the CAISO also tests the electric system in regards
to the dynamic and reactive margin compliance with the existing WECC regional criteria
that further specifies the dynamic and reactive margin requirements for the same NERC

performance levels. These performance levels can be described as follows:
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Kern Area Overall Requirements:
2013 QF/seifgen | Market | Max. Qualifying
(M) (M) | Capacity (MW)
Available generation 584 O 584
2013 Existing Generation [Deficiency Total MW
Capacity Needad (MW) {(MW) LCR Need
Category B (Single) 295 0 295
Category C (Multiple) = 483 42 525
156. LA Basin Area

Area Definition
The transmission tie lines into the LA Basin Area are:

1) San Onofre - San Luis Rey #1, #2, & #3 230 kV Lines

2) San Onofre - Talega #1 & #2 230 kV Lines

3) Lugo - Mira Loma #2 & #3 500 kV Lines

4} Lugo — Rancho Vista #1 500 kV line

5) Sylmar - Eagle Rock 230 kV Line

6) Sylmar - Gould 230 kV Line

7) Vincent - Mesa Cal 230 kV Line

8) Vincent - Rio Hondo #1 & #2 230 kV Lines

9) Eagle Rock - Pardee 230 kV Line

10) Devers- Palo Verde 500 kV Line

11) Mirage- Coachelv 230 kV Line

12) Mirage- Ramon 230 kV Line

13) Mirage- Julian Hinds 230 kV Line
These sub-stations form the boundary surrounding the LA Basin area:

1) San Onofre is in San Luis Rey is out

2) San Onofre is in Talega is out

3) Mira Loma is in Lugo is out

4} Rancho Vista is in Lugo is out
2 A single contingency means that the system will be able the survive the loss of a single element,
however the operators will not have any means (other than load drop) in order to bring the system within
a safe operating zone and get prepared for the next conlingency as required by NERC transmission
operations standards.
. Multiple contingencies means that the svstem will be able the survive the loss of a single element, and
the operators will have enough generation {(other operating procedures) in order to bring the system
within a safe operating zone and gel prepared for the next contingency as required by NERC
transmission operations standards.

LA
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5) Eagle Rock is in Sylmar is out
6) Gould is in Sylmar is out

7) Mesa Calis in Vincent is out
8) Rio Hondo is in Vincent is out

9) Eagle Rockis in Pardee is out

10
11
12
13

S e S

) Deversis in Palo Verde is out
Mirageis in Coachelv is out
Mirageis in Ramon is out

Mirageis in Julian Hinds is out

ffiffll - — &

Total 2013 busload within the defined area is 19,300 MW with 133 MW of losses and 27
MW pumps resulting in total load + losses + pumps of 19,460 MW.

Total units and qualifying capacity available in the LA Basin area:

MKTISCHED BUS
RESOURCE ID # BUS NAME | kv
ALAMIT 7 UNIT 1 24001 | ALAMTT G 18
ALAMIT 7 UNIT 2 24002 | ALAMTZ G 18
ALAMIT 7 UNIT 3 24003 | ALAMT3 C 18
ALAMIT 7 UNIT 4 24004 18
ALAMIT 1 24005 20
ALAMIT 7 UNIT® 24161 20
ANAHM ANYNT 25211 | CanyonGT |13,
ANAHM 'YN2 25212 | CanyonGT [13.8
25213 | CanyonGT 13
25214 | CanyonGT  13.8
25203 | ANAHEIMG 1138
NITS 24011 | ARCO 113G 138
NITS 24012 | ARCO 2G 1138
NITS 24013 | ARCO 3G 138
ARCOGN NITS 24014 | ARCO 4C 13.8
ARCOC NITS 24163 | ARCO 53 138
ARCOGN_ 2 UNITS 24164 | ARCO 868G 138
BARRE 2 QF 24016 BARRE 230
BARRE_ 86 PEAKER BARPKGEN 13,
BRDWAY 7 UNIT 3 BRODWYSC N3,
BUCKWD 7 WINTCV BUCKWIND 1115
CABZON_1_WINDA1 CABAZON 33
CENTER 2 _QF CENTER & 66
CENTER 2 RHONDO [242 CENTER & 66
CENTER_6_PEAKER CTRPKGEN |13
PLIX4 25302 | CLTNCTRY |13
CHEVMN_2 UNITS 124022 | CHEVGEN1T 138
CHEVMN_2_UNITS 24023  CHEVGEN2 13.8
24024 CHING 66
24024 CHINO 66
24026 CIMGEN 13.8

74

UNIT |LCR SUB-AREA NQIC
y] NAME Comments CAISO Tag
1 Western Market
2 Western Market
3 Western Market
4 Western Market
5 Western Market
6 Western Market
1 Western MUNI
2 Western MUNI
3 Western MUNI
4 Western MUNI
1 Western Aug NQC MUNI
1 Western Aug NQC |QF/Selfgen
2 Western Aug NQC | QF/Selfgen
3 Western Aug NQC |QF/Selfgen
4 Western Aug NQC |QF/Selfgen
5 Western Aug NQC |QF/Selfgen
6 Western Aug NQC |QF/Selfgen
Western Not modeled | QF/Selfgen
1 Western Market
1 Western MUNI
W5 None Aug NQC Wind
1 None Aug NQC Wind
Western Nﬁigiﬁg 5 . QFiSelfgen
Western Not modeled |QF/Selfgen
1 Western Market
1 None Aug NQC MUNI
1 Western, EI Nido | Aug NQC | QF/Selfgen
2 Western, EINido | Aug NQC  QF/Selfgen
Western N?\igﬁ; éfl . QF/Selfgen
Western Not modeled Market
1 Western Aug NQC | QF/Selfgen
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MKT/SCHED BUS |
RESOURCE ID 4 | BUSNAME | kv
CHINO_6_SMPPAP [24140 | SIMPSON _ |138
CHINO 7 MILIKN  [24024 | CHINO | 66
COLTON 6_AGUAM1 25303 | CLTNAGUA |13.8
CORONS 6 CLRWTR 124210 | MIRALOMA | 66
CORONS_6_CLRWTR 24210 | MIRALOMA | 66
DEVERS 1 QF 2 GARNET | 115
DEVER 25632 | TERAWND | 115
DEVERS 25633 | CAPWIND | 115
DEVERS 25634 | BUCKWIND | 115
DEVER 25635 | ALTWIND | 115
DEVER 25635 | ALTWIND | 115
DEVERS 1 QF  [25636 | RENWIND | 115
DEVER 25636 | RENWIND | 115
DEVERS 1 QF  |25636 | RENWIND | 115
DEVERS 1 C 25637 | TRANWIND | 115
DEVER 25630 | SEAWIND | 115
DEVER 25640 | PANAERO | 115
DEVERS 1 Q 25645 | VENWIND | 115
DEVER F 25645 | VENWIND | 115
DEVERS 1 _QF 25645 | VENWIND | 115
DEVERS 25646 | SANWIND | 115
25646 | SANWIND | 115
DMDVLY_1_UNITS |[25425 | ESRPP2 |69
DREWS 6_PLiX4 25301 | CLTNDREW |13.8
DVLCYN_1_UNITS [25603 | DVLCYN3G | 138
DVLCYN_1_UNITS [25604 | DVLCYN4G | 138
DVLCYN_1_UNITS [25648 | DVLCYNIG | 13.8
DVLCYN_1_UNTS [25649 | DVLCYN2G | 138
ELLIS 2 QF 04197 | ELLIS 66
ELSEGN 7 UNIT3 [24047 | ELSEG3G | 18
ELSEGN 7 UNIT4 |[24048 | ELSEG4 G | 18
ETIWND_2_FONTNA |[24055 | ETIWANDA | 66
ETIWND 2 QF  [24055 | ETIWANDA | 66
24055 | ETIWANDA | 66

29305 |ETWPKGEN 138 |

25422 | ETIMWDG  |13.8
ETIWND_7 MIDVLY [24055 | ETIWANDA | 66
ETIWND 7 UNIT3 24052 | MTNVIST3 | 18
ETIWND 7 UNIT4  [24053 | MTNVIST4 | 18
GARNET 1 _UNITS [24815 | GARNET |115
GARNET 1 UNITS 24815 | GARNET |115
GARNET 1 _UNITS [24815 | GARNET |115
GARNET 1 _UNITS [24815 | GARNET |115
GARNET 1_WIND 24815 115
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UNIT |LCR SUB-AREA NQC

ID NAME Comments |CAISO Tag
1 Western Aug NQC |QF/Selfgen

Western N?\igﬁﬁ ?f d fMarket

1 None MUNI

None Not modeled MUNI

None Not modeled MUNI
QF None Aug NQC |QF/Selfgen
QF None Aug NQC |QF/Selfgen
QF None Aug NQC |QF/Selfgen
QF None Aug NQC |QF/Selfgen
Q1 None Aug NQC |QF/Selfgen
Q2 None Aug NQC |QF/Selfgen
(o) None Aug NQC |QF/Selfgen
Q2 None Aug NQC |QF/Selfgen
W1 None Aug NQC |QF/Selfgen
QF None Aug NQC |QF/Selfgen
QF None Aug NQC |QF/Selfgen
QF None Aug NQC |QF/Selfgen
EU None Aug NQC |QF/Selfgen
Q1 None Aug NQC |QF/Selfgen
Q2 None Aug NQC |QF/Selfgen
Q1 None Aug NQC |QF/Selfgen
- Q2 None Aug NQC |QF/Selfgen
None NX@“W&@&?Q QF/Selfgen

1 None Aug NQC MUNI

3 None Aug NQC MUNI

4 None Aug NQC MUNI

1 None Aug NQC MUNI

2 None Aug NQC MUNI
Western, Ellis Nf\ig‘ﬁgfﬁ QF /Selfgen

3  |Western, El Nido Market

4 Western, El Nido Market
None Nx&gﬁ%?d QF/Selfgen
None Ng;;na&cﬁ(gg d QF/Seligen

None N?\im%ﬁgf d Market

1 None Market

1 None Aug NQC Market
None N?\ig&d&fﬁ d QFiSelfgen

3 None Market

4 None Market
G1 None Aug NQC  |QF/Selfgen
G2 None Aug NQC  |QF/Selfgen
G3 None Aug NQC |QF/Selfgen
PC None Aug NQC | QF/Selfgen

w2 None Aug NQC Wind
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MKT/SCHED BUS
RESOURCE ID 4 | BUSNAME | kv
GARNET 1_WIND 24815 | GARNET _|115
GLNARM_ 7 UNIT 1 |29005 | PASADNAT |13.8

GLNARM 7_ 29006 | PASADNA2 [138 |
GLNARM. 20005 | PASADNAT |13.8
GLNARM_7 29006 | PASADNAZ 138
HARBGN 7 UNITS 24062 | HARBOR G 138
HARBGN 7 UNITS 24062 | HARBOR G [|13.8
HARBG ITS [25510 | HARBORGA [4.16
HINSON_6_CARBGN 24020 |CARBOGEN [138
HINSON 6 LBECH1 [24078 | LBEACHIG [13.8
HINSON 6 _LBECH2 [24170 | LBEACH2G [13.8
HINSON 6 LBECH3 24171 | LBEACH3G [13.8
24172 | LBEACHAG |13.8

HINSON_6_SERRGN [24139 |SERRFGEN |13.8
‘ UNIT 1 [24066 | HUNTT G |138

7 UNIT2 [24067 | HUNT2 G |138

UNIT1_ |29190 | WINTECX2 [13.8

T2 29191 | WINTECX1 |138 |

T3 20180 | WINTECS |13.8

UNIT1_ [20041 | IEEC-G1 _ [195
INLDEM 5 UNIT2 [29042 | IEEC-G2 195
JOHANN_6 QFA1  [24072 | JOHANNA |230

LACIEN_2_VENICE [24337 | VENICE _[138 |
LAFRES 6 QF  [24073 | LAFRESA | 66
LAGBEL 6 QF  [24075 | LAGUBELL | 66
LGHTHP_6_ICEGEN [24070 | ICEGEN |38
LGHTHP 6_QF  [24083 | LITEHIPE | 66
MESAS 2 QF  [24209 | MESA CAL | 66

MIRLOM 2 CORONA
MIRLOM 2 TEMESC

MIRLOM_6_DELGEN [24030 | DELGEN |138
MIRLOM_6_PEAKER [29307 |MRLPKGEN [13.8
MIRLOM_7 MWDLKM [24210 | MIRALOMA | 66

MOJAVE 25657 |MJVSPHNT |13.8 |
MOJAVE 25657 | MUVSPHNT |13.8
MOJAVE_1_SIPHON [25657 | MJVSPHNA |13.8
MTWIND_1 UNIT 1 [29060 |MOUNTWND | 115
MTWIND_1_UNIT2 29060 |MOUNTWND | 115
MTWIND_1 UNIT3 29060 [MOUNTWND | 115
OLINDA_2_COYCRK OLINDA | 66
OLINDA_2 QF OLINDA | 66
OLINDA_7_LNDFIL BARRE | 66
PADUA_2 ONTARO PADUA | 66

UNIT |LCR SUB-AREA NGC
Y] NAME Cormments CAISO Tag
W3 None Aug NQC wind
1 Western MUNI
1 Western MUNI
Western Not modeled MUNI
Western Not modeled MUNI
1 Western Market
HP Western Market
LP Western Market
1 Western Aug NQC Market
1 Western Market
2 Western Market
3 Western Market
4 Western Market
1 Western Aug NQC |QF/Selfgen
1 Western, Ellis Market
2 Western, Ellis Market
1 None Market
1 None Market
1 None Market
1 Valley Aug NQC Market
1 Valley Aug NQC Market
Western, Ellis NXZ‘Q‘“&%E@“ QF/Selfgen
1 Western, El Nido | Aug NQC MUNI
. Not modeled o e
Western, El Nido Aug NQC QFiSelfgen
Western N;}Xiguﬁg fé? d QiFfSelfgen
1 Western Aug NQC | QF/Selfgen
Western Ngigc&&é;&? d QF/Selfgen
Western N/(iixg}?\&{éi if“) . QF/Selfgen
None Nzim?ﬁgi?ﬁ QF/Selfgen
None ingt&ﬁg?d QiFfSelfgen
1 None Aug NQC |QF/Selfgen
1 None Market
Not modeled
None Aug NQC MUNI
1 None Aug NQC Market
2 None Aug NQC Market
. 3 None Aug NQC Market
S1 None Aug NQC Wind
S2 None Aug NQC Wind
S3 None Aug NQC Wind
Western Not modeled \QF/Selfgen
1 Western Aug NQC |QF/Selfgen
Western inm%g}? d QFiSelfgen
None Not modeled \QF/Selfgen
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MKT/SCHED BUS | UNIT [LCR SUB-AREA | NaC |
RESOURCE ID # | BUSNAME | kv ID NAME Comments |50 Tag
Aug NQC
TR P o Not modeled _—_
6_MWDSDM [24111 | PADUA 66 None o G MUNI
Y ; Notmodeled e
PADUA_6_QF 24111 | PADUA 66 None A NG |QF/setigen
Y Not modeled -
PADUA_7_SDIMAS [24111 | PADUA 66 None Aug NG |QF/Selfgen
Not madeled
o i o o g, i 17¢
PWEST 1 UNIT Western Aug NQC fMarket
REDOND 7 UNIT5 [24121 | REDON5G | 18 5 Western Market
REDOND_7 UNIT6 [24122 | REDON6G | 18 6 Western Market
DOND_7 UNIT7 [24123 | REDON7 G | 20 7 Western Market
REDOND_7_UNIT 8 REDONS G | 20 8 Western Market
SO 0 OF - ; Notmodeled | - e oo
RHONDO_2_QF RIOHONDO | 66 Western Aug NGG | QFfSelfgen
RHONDO_6_PUENTE RIOHONDO | 66 Western Nglr‘f‘ﬁggd Market
RVSIDE_2 RERCU3 [24299 | RERC2G3 |13.8 1 None MUNI
RVSIDE_2_RERCU4 [24300 | RERC2G4 |13.8 1 None MUNI
RVSIDE_6 RERCU1 [24242 | RERC1G |13.8 1 None MUNI
24243 | RERC2G 138 1 None MUNI
24244 | SPRINGEN [13.8 1 None Market
24133 | SANTIAGO | 66 1 | Western, Elis | AugNQC | Market
24921 | MNTV-CT1 |18 1 None Market
24922 | MNTV-CTZ |18 1 None Market
23 | MNTV-ST1 | 18 1 None Market
: MNTV-CT3 |18 1 None Market
MINTV-CT4 18 1 None Market
MNTV-8T2 18 1 None Market
o AN - Not modeled s
SANBRDNO | 66 None Aug NQC QFlSelfgen
" : I Not modeled -
Y - AT A e o = Selfer
SBERDO. 24214 |SANBRDNO | 66 None Ao NGG  |QF/seligen
- N : : Not modeled
Y 3 b K 04014 | SANR ‘ G ‘ Self
SBERDO_6_MILLCK [24214 | SANBRDNO | 66 None Aug NGG. | QF/Sefgen
SONGS_7 UNIT2 [24129 | S.ONOFR2 2 Western Nuclear
SONGS_7 UNIT 3 [24130 | S.ONOFR3 3 Western Nuclear
) Not modeled .
TIFFNY 1 DILLON Western Aug NQC Wind
VALLEY 5 PERRIS [24160 | VALLEYSC |115 Valley NX@W‘%@@ QF/Selfgen
VALLEY 5 REDMTN [24160 |VALLEYSC |115 Valley Ng&mﬁg’\%g’d QF/Selfgen
VALLEY 7 BADLND [24160 | VALLEYSC |115 Valley Notmodeled |\ et
Aug NQC
: Not modeled ‘
- - I o 48 Bl e
VALLEY_7_UNITA1 [24160 | VALLEYSC [115 Valley o MG Market
Western Not modeled MUNI
VERNON 8 Western Not modeled MUNI
VERNON 6 MALBRG [24239 | MALBRG1G C1 Western MUNI
24240 | MALBRG2G C2 Western MUNI
24241 | MALBRG3G S3 Western MUNI
04216 | VILLA PK | 66 Western  [VOtmodeled |op e iien

Aug NQOC
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VILLPK_6_MWDYOR [24216 | VILLAPK | 66

VISTA_B_QF 24902 STA 66
WALNUT 6_HILLGEN [24063 | HILLGEN [13.8
ALNUT_7_WCOVCT [24157 | WALNUT | 66
WALNUT 7_WCOVST [24157 | WALNUT | 66
WHTWTR_1_WINDA1 [29061 | WHITEWTR | 33
ARCOGN_2_UNITS [24018 | BRIGEN  [13.8
HINSON_6_QF  [24064 | HINSON |66
INLAND_6 UNIT  [24071 | INLAND  [138
MOBGEN_6 _UNIT1 [24094 | MOBGEN [13.8
NA 24324 | SANIGEN [13.8

NA 24325 | ORCOGEN [13.8

NA 24327 | THUMSGEN [13.8

NA 24328 | CARBGEN2 [13.8

NA 24329 | MOBGEN2 [13.8

NA 24330 | OUTFALL1 [13.8

NA 24331 | OUTFALL2 [13.8

NA 24332 | PALOGEN [13.8

NA 24341 | COYGEN [13.8
NA 24342 | FEDGEN |138 |

NA 24839 | BLAST 115

NA 20021 | WINTECE | 115

NA 20023 | WINTEC4 | 12

NA 20060 | SEAWEST | 115

NA 20060 | SEAWEST | 115

NA 20060 | SEAWEST | 115

NA 20260 | ALTAMSA4 | 115

NA 20338 | CLEARGEN [13.8

NA 20339 | DELGEN [13.8

NA 20051 | REFUSE  [13.8

UNIT LCR SUB-AREA NQC
NQC 1 NAME Cormments CAISO Tag
' Not modeled : ‘
Western Aug NQC fMUNI
None Aug NQC |QF/Selfgen
Western Aug NQC |QF/Selfgen
Not rmodeled .
Western Aug NQC Market
Western folm?\gd(ggﬁ Market
None Aug NQC Wind
Western Np NQC - Market
hist. data
No NQC - o
Western hist data QFiSelfgen
No NQC - Gl
None hist. data QFSelfgen
. No NQC -
Western, El Nido hist data QF/Selfgen
No NQC - T
None hist. data QF/Selfgen
Western Eflis | O NUC - opseitgen
hist. data
No NQC - et
Western hist. data QFiSelfgen
Western No NQC — Market
hist. data
Western, El Nido m; z‘fif;;i; QF/Selfgen
Western, EI Nido | " N9C - opiseigen
hist, data
Western, El Nido | N0 NYC = lorseitgen
hist. data
Western, EINido | 0 N9C - o /saiten
hist. data
Western, Ellis | O NYC - op saifgen
hist. data
No NQC - _r
Western hist. data QF/Selfgen
No NQOC — . .
None hist. data QFiSelfgen
None N{“} NQQ - Wind
hist. data
No NQC - .
None hist data Wind
No NQOC — .
None hist. data Wind
No NQC — .
None hist. data Wind
No NQC — )
None hist. data Wind
No NQC — .
None hist. data Wind
No NQC -
None hist. data QF/Selfgen
No NQC - R
None hist data QF/Selfgen
Western N%ﬁg‘f T QF/Selfgen
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MKT/SCHED BUS | . UNIT |LCR SUB-AREA | NQC -
RESOURCE ID # |BUSNAME | KkV ] Nae } ID NAME Comments [CAISO Tag
NA 29953 | SIGGEN Western N%m@g " |QF/Selfgen
HNTGBH 7 UNIT 3 [24167 | HUNT3 G Western, Ellis Retired Market
HNTGBH_ 7 UNIT4 [24188 | HUNT4 G Western, Ellis Retired Market
New unit 20201 | EMEWCGT (138 100 f 1 Western N%ﬁg})i; ) Market
New unit 29202 | EMEWCG2 138 | 100 | 1 Western N%Eﬁi’ Market
— — . No NQC - :
New unit 29203 | EME WCG3 1138 100 ; 1 Western Prax fMarket
New unit 29204 | EMEWCG4 1138 100 E 1 Western N%Eﬁgi’ Market
- E e
New unit 29205 | EMEWCGS [138 | 100 | 1 Western NONAC - | Market
New unit 29901 | NRGELG5 |18 | 175 | 6 |Westem, EINido | "ONYC" | warker
mmmmmmmmmmmmmmmm w) 1 "
New unit 29002 | NRG ELGT 18 280 7 Western, El Nido Nc;{fj}(;)f i fMarket
New unit 20503 | NRGELGG | 18 | 175 | 6 |Western EINido | NONGC - | et
’ Prnax

Major new projects modeled:
1. 3 new resources have been modeled
2. Huntington Beach #3 and #4 have been retired
3. Del Amo — Ellis 230 kV line loops into Barre 230 kV substation

4. Recalibrate arming level for Santiago SPS

Critical Contingency Analysis Summar

LA Basin Overall:

The most critical contingency for LA Basin is the loss of one SONGS unit followed by
Palo Verde-Devers 500 kV line, which could exceed the approved 6400 MW rating for
the South of Lugo path. This limiting contingency establishes a LCR of 10,295 MW in
2013 (includes 810 MW of QF, 230 MW of Wind, 1166 MW of Muni and 2246 MW of
Nuclear generation) as the minimum generation capacity necessary for reliable load

serving capability within this area.
Effectiveness factors:

The following table has units that have at least 5% effectiveness to the above-

mentioned South of Lugo constraint within the LA Basin area:
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Gen Bus
24052
24053
24071
25422
29305
24921
24922
24923
24924
24925
24926
290441
29042
24905
24906
24907
24908
29190
29191
29180
24815
24815
29023
29021
24242
24243
24244
25301
25302
25303
24299
24300
24839
25648
25649
25603
25604
25632
25634
25635
25635
25637

Gen Name
MTNVIST3
MTNVIST4
INLAND

MNTV-CTH1
MNTV-CT2
MNTV-8T1
MNTV-CT3
MNTV-CT4
MNTV-8T2
EC-G1
EC-G2
RVCANAL1
RVCANALZ
RVOANALS
RVCANALA
WINTECKZ
WINTECXT

CaARNET
WINTEC4
WINTECE
RERCHG
RERC2G
SPRINGEN
CLTNDREW
CLTNCTRY
CLTNAGUA
RERC2G3
RERCZG4
BLAST
DVLCYN1G
DVLOYNZG
DVLCYN3G
DVLCYNAG
ThRAWND
BUCKWND
ALTWIND
ALTWIND
TRANWND

D

@
=

o=

MW Eff Fotr (%)

34

26
26
26
26
26
26
26
26
26
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25639
25640
25645
25645
25645
25646
28060
28060
28060
28061
28260
28290
25633
25657
25658
25659
25203
25211
25212
25213
25214
24030
20309
24026
24140
28307
20338
28339
24005
24066
24067
24167
24168
24129
24130
24133
24325
24341
24001
24002
24003
24004
24161

SBEAWIND
PANAERO
VENWIND
VENWIND
VENVWIND
SANWIND

MOUNTWND
MOUNTWNID
MOUNTWND

WHITEWTR
ALTAME A4
CABAZON
CAPWIND
MASPHNT
MJIVEPHNZ
MJVEPHNS
ANAHEIMG
CanyonGT 1
CanyonGT 2
CanyonGT 3
CanyonsT 4
DELGEN
BARPKGEN
CIMGEN
SIMPSON
MRLPKGEN
CLEARGEN
DELGEN
ALAMTS 2
HUNTT G
HUNTZ G
HUNTS G
HUNT4 G
S.ONOFR2
SONOFRS
SANTIAGO
ORCOGEN
COYGEN
ALAMTT G
ALAMTZ 3
ALAMTSE G
ALAMTA G
ALAMTE 3

G

— s B G2 N - e 3N e

2

T N T £ R s

e e 0 2 " B 0 B A B A T N S G J NG J NG T NG T N B G N B NS TN B e
o o e v v v o v e o Qo e oo e s 2NN NGOG GG
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24162 ALAMTT G R7 17
24063 HILLGEN 1 17
29201 = ME WOGH 17
29203 EME WOGSE 17
29204 ME WOG4 17
29205 ME WOGE 17
29202 s ME WOGE 17
24018 BRIGEN 16
29308 CTRPKGEN 16
29953 SIGGEN 16
24011 ARCO 1 15
24012 ARCO 26 15
24013 ARCO 3G 15
24014 ARCO 4G 15
24163 ARCO 5G 15
24164 ARCO 66 15
24020 CARBGEN1 15
24022 CHEVGEN1 15
24023 CHEVGENZ 15
24064 HINSON 15
24070 ICEGEN

24170 LBEACH1Z
24171 LBEACHS34
24084 MOBGEN1 15
24062 HARBOR G 15
25510 HARBORG4E  LP 15
24062 HARBOR G HP 15
24139 SERRFGEN D1 15
24170 LBEACH12 1 15
24171 LBEACHS34 4 15
24173 LBEACHSG 5 15
24174 LBEACHEG B 15
24327 THUMSGEN 15
24328 CARBGENZ 15
24330 OUTFALLT 15
24331 OUTFALLZ 15
24332 PALOGEN 1 15
24333 REDONT G 1 15
24334 REDONZ G 2 15
24335 REDON3 G R3 15
24336 REDON4 G R4 15
24337 VENICE 1 15
24079 LBEACHTG R7 15

15
15

e B e R S
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24080 LBEACH8G R8 15
24081 LBEACH9G R9 15
24047 ‘ 3 14
24048 : 4 14
24121 REDONS G 5 14
24122 REDON6 G 6 14
24123 7 14
24124 8 14
24329 MOBGENZ 1 14
29901 NRGELG5 5 14
29903 NRGELGE 6 14
29902 NRGELS7 7 14
29951 REFUSE D1 13
29209 BLY1ST1 1 13
29207 BLY1CTH1 1 13
29208 BLY1CT2 1 13
24342 FEDGEN 1 13
24241 MALBRG3G  S3 12
24240 MALBRG2G C2 12
24239 MALBRGIG C1 12
29005 PASADNAT 1 10
29006 PASADNA2 1 10
29007 BRODWYSC 1 10
Valley Sub-Area:

The most critical contingency for the Valley sub-area is the loss of Palo Verde — Devers
500 kV line and Valley — Serrano 500 kV line or vice versa, which would result in
voltage collapse. This limiting contingency establishes a LCR of 670 MW (includes 10
MW of QF generation) in 2013 as the generation capacity necessary for reliable load

serving capability within this sub-area.

ffectiveness factors:

The generators inside the sub-area have the same effectiveness factors.

Western Sub-Area:
The most critical contingency for the Western sub-area is the loss of Serrano-Villa Park
#2 230 kV line followed by the loss of the Serrano-Lewis 230 kV line or vice versa,

which would result in thermal overload of the remaining Serrano-Villa Park 230 kV line.

!
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This limiting contingency establishes a LCR of 5540 MW (includes 623 MW of QF, 6
MW of Wind, 582 MW of Muni and 2246 MW of nuclear generation) in 2013 as the

generation capacity necessary for reliable load serving capability within this sub-area.

ffectiveness factors:

The following table has units that have at least 5% effectiveness to the above-

mentioned constraint:

Gen Bus
29309
25203
25211
25212
25213
25214
24005
24161
24001
24002
24003
24004
24162
24066
24087
24167
24168
24325
24133
24341
24011
24012
24013
24014
24018
24020
24064
24070
24170
24171
24062
25510

Gen Name
BARPFPKGEN
ANAHEIMG
CanyonT 1
CanyonzT 2
CanyonT 3
CanvonzT 4
ALAMTS (3
ALAMTE G
ALAMTT G
ALAMTZ G
ALAMTS 3
ALAMTA G
ALAMTT G
HUNTT G
HUNTZ G
HUNTS G
HUNT4 G
ORCOGEN
SANTIAGO
COYGEN
ARCO 116G
ARCO 26
ARCO 30
ARCO 4G
BRIGEN
CARBGEN1
HINGON
ICEGEN
LBEACH1Z2
LBEACHS34
HARBOR G
HARBORG4

MW Eff Fotr
(%)
31
30
29
29
29
29
23
23
22
22

22
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240862
24139
24170
24171
24173
24174
24327
24328
24079
24080
24081
24163
24164
24022
24023
24048
24004
28308
24329
24330
24331
24332
24333
24334
24335
24336
24337
20953
28901
20903
28002
24047
24121
24122
24123
24124
28951
24342
24241
24240
24239
28005
20006

HARBOR G
SERRFGEN
LBEACH1Z
LBEACHS34
LBEACHSEG
LBEACHEG
THUMSGEN
CARBGENZ
LBEACHTG
LBEACHSG
LBEACHYG
ARCO 56
ARCO 8G
CHEVGEN1
CHEVGENZ
HLOEGE G
MOBGEN1
CTRPKGEN
MOBGENZ
OUTFALLA
OUTFALLZ
PALOGEN
REDONT G
REDONZ G
REDONS G
REDON4 G
VENICE
SIGGEN
NRG ELGS
NRG ELGS
NRG ELST7
ELOEGE G
REDONS G
ONBG G
REDON7 G
REDONS G
USE
FEDGEN
MALBRG3G
MALBRG2G
MALBRG1G
PASADNAT
PASADNAZ

© w ~

w NS S

il

[ R S I S N R s

SB GT&S 0718264



fiffl - — o i+

28007 BRODWYSC 1 9
24083 HILLGEN 1 &
29201 = ME WOGH 1 5
29203 EME WOGS 5
29204 EME WOG4 5
29205 EME WCGS 5
29202 EME WOG2 5

There are numerous (about 40) other combinations of contingencies in the area that
could overload a significant number of 230 kV lines in this sub-area and have less LCR
need. As such, anyone of them (combination of contingencies) could become binding

for any given set of procured resources. As a result, effectiveness factors may not be

the best indicator towards informed procurement.

Ellis sub-area
The Del Amo — Ellis loop-in project along with recalibration of the Santiago SPS

eliminates the LCR need for the Ellis sub-area.

El Nido sub-area

The most critical contingency for the El Nido sub-area is the loss of the La Fresa —
Hinson 230 kV line followed by the loss of the La Fresa — Redondo #1 and #2 230 kV
lines, which would cause voltage collapse. This limiting contingency establishes a LCR
of 386 MW in 2013 (which includes 47 MW of QF and 4 MW of MUNI generation) as the

minimum capacity necessary for reliable load serving capability within this sub-area.
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Effectiveness factors:

The generators

Changes compared to last year’s results:

Overa

LA Basin Overall Requirements:

inside the sub-area have the same effectiveness factors.

fHiffl- - -

54

[Ts

=

Il the load forecast went down by 470 MW resulting in 570 MW decrease in LCR.

2013 QFMWIind | Muni | Nuclear | Market | Max. Qualifying
(M) (MWW (M) (MW | Capacity {MW}
Available generation 1040 1166 2246 8675 13127
2013 Deficiency Total MW LCR
‘ 2] (MW Need
Category B (Single)” 10,295 0 10,295
Category C (Multiple)™ 10,295 0 10,285

16. Big Creek/Ventura Area

Area Definition

The transmission tie lines into the Big Creek/Ventura Area are:

1) Antelope #1 and #2 500/230 kV Transformers
2)  Sylmar-Pardee #1 230 kV Line

3) Sylmar-Pardee #2 230 kV Line

4) Eagle Rock-Pardee #1 230 kV Line

5)  Vincent-Pardee 230 kV Line

6) Vincent-Santa Clara 230 kV Line

These sub-stations form the boundary surrounding the Big Creek/Ventura area:

1) Antelope 500 kV is out Antelope 230 KV is in
2) Sylmaris out Pardee is in

3) Sylmaris out Pardee is in

4) Eagle Rock is out Pardee is in

A single contingency means that the system will be able the survive the loss of a single element,
however the operators will not have any means (other than load drop) in order to bring the system within
a safe operating zone and get prepared for the next conlingency as required by NERC transmission
ogmwm ons standards.

Multiple contingencies means that the svstem will be able the survive the loss of a single element, and
the operators will have enough generation {(other operating procedures) in order to bring the system
within a safe operating zone and gel prepared for the next contingency as required by NERC
transmission operations standards.
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5)  Vincent is out Pardee is in

6)

Vincent is out Santa Clara is in

Total 2013 busload within the defined area is 4164 MW with 77 MW of losses and 355

MW of pumps resulting in total load + losses + pumps of 4596 MW.

Total units and qualifying capacity available in the Bi

pe

g Creek/Ventura area:

MKT/SCHED BUS | _. |
RESOURCE ID 4 | BUSNAME | kv
ALAMO 6_UNIT _ [25653 | ALAMO SC_ 138
ANTLPE 24457 | ARBWIND | 66
ANTLPE 2 24458 |ENCANWND | 66
ANTLPE 2 24459 | FLOWIND | 66
ANTLPE DUTCHWND | 66
ANTLPE 2 24465 | MORWIND | 66
ANTLPE 24491 | OAKWIND | 66
ANTLPE 28501 | MIDWIND | 12
ANTLPE < 28502 |SOUTHWND | 12
ANTLPE 28503 [NORTHWND | 12
ANTLPE 28504 |ZONDWND1 | 12
ANTLPE 28505 | ZONDWNDZ | 12
ANTLPE 78506 | BREEZE1 | 12
ANTLPE 2 QF  [28507 | BREEZE2 | 12
BIGCRK 2 EXESWD 24306 | BCRK1-1 |72
BIGCRK 2 EXESWD 24306 | BCRK1-1 |72
BIGCRK 2 EXESWD [24307 | BCRK1-2 [138
BIGCRK 2 EXESWD [24307 | BCRK1-2 [138
BIGCRK 2 EXESWD [24308 | BCRK2-1 [138
BIGCRK 2 EXESWD [24308 | BCRK2-1 |138
BIGCRK 2 EXESWD 24309 | BCRK2:2 |72
BIGCRK 2 EXESWD 24309 | BCRK2:2 |72
BIGCRK 2 EXESWD 24310 | BCRK2:3 |72
BIGCRK 2 EXESWD [24310 | BCRK2-3 |72
BIGCRK 2 EXESWD [24311 | BCRK3-1 [138
BIGCRK 2 EXESWD [24311 | BCRK3-1 [138
BIGCRK 2 EXESWD [24312 | BCRK3-2 |38
BIGCRK 2 EXESWD [24312 | BCRK3-2 [138
BIGCRK 2 EXESWD [24313 | BCRK3-3 [1338

NQC

88

UNIT | LCR 8UB- NQIC

ID |AREANAME | Comments |CAISOTag

1 Big Creek Aug NQC Market

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 Big Creek Aug NQC Wind

1 | BgCreek 1 aigNac | Market
Big Creek, i ’

2 Rector, Vestal Aug NQOC Market
Big Creek,

3 Rector, Vestal Aug NQC Market
Big Creek,

4 Rector, Vestal Aug NQC Market
Big Creek,

! Rector, Vestal Aug NQC Market
Big Creek,

2 Rector, Vestal Aug NQC Market
Big Creek, ‘ "

3 Rector, Vestal Aug NQC Market
Big Creek, RN )

4 Rector, Vestal Aug NQC Market
Big Creek, PR

5 Rector, Vestal Aug NQC Market
Big Creek, o

6 Rector, Vestal Aug NQC Market
Big Creek,

! Rector, Vestal Aug NQC Market
Big Creek,

2 Rector, Vestal Aug NQC Market
Big Creek,

3 Rector, Vestal Aug NQC Market
Big Creek,

4 Rector, Vestal Aug NQC Market
Big Creek,

5 Rector, Vestal Aug NQC Market
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MKTISCHED

BUS

RESOURCE ID 4 |BUSNAME | kv
BIGCRK 2 EXESWD [24314 | BCRK4 |15
) EXESWD [24314 | BCRK4  |115
BIGCRK 2 EXESWD [24315 CRK& |13,
EXESWD 24315 | BCRKS |13.8
BIGCRK 2 EXESWD [24317 |MAMOTH1G [138
BIGCRK 2 EXESWD [24318 |MAMOTH2G [13.8
BIGCRK 2 EXESWD PORTAL | 4.8
EASTWD_ 24319 |EASTWOOD |13.8
EDMONS EDMONTAP | 144
EDMONZAP | 14.4

EDMONZAP |14.4

EDMON3AP |14,

EDMON4AP |14,

25608 | EDMON4AP |14,

EDMONS 25609 | EDMONGAP |14,
EDMONS 75600 | EDMONBAP |14,
EDMONGS 25610 | EDMONGAP |14,
EDMONS 25610 | EDMONGAP |14,
EDMONS 2 25611 | EDMON7AP |14,
EDMONS 25611 | EDMON7AP |14,
EDMONS 25612 | EDMONSAP | 14.4
EDMONS 25612 | EDMONSAP | 14.4
GOLETA. 24057 | GOLETA | 66
GOLETA_6_ELLWOD [28004 | ELLWOOD |13.8
GOLETA 6 EXGEN [24057 | GOLETA |66
GOLETA_6_GAVOTA [24057 | GOLETA | 66
GOLETA 6 TAJIGS [24057 | GOLETA | 66
KERRGN_1_UNIT 1 KERNRVR | 66
PSTRIAGT | 18

PSTRIAGZ | 18

28053 | PSTRIAST | 18

78054 | PSTRIAG3 | 18

2 28055 | PSTRIAS2 | 18
MNDALY 7 UNIT 1  [24089 | MANDLY1G [13.8
MNDALY _ 24090 | MANDLY2G |13.8
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UNIT | LCR SUB- NQC
ID |AREANAME | Comments |CASOTag
Big Creek, ‘ § f s
41 Rector, Vestal Aug NQC Market
42 Aug NQC Market
81 Rector, Vestal Aug NQC Market
Big Creek, NP, .
82 Rector, Vestal Aug NQOC Market
Big Creek,
! Rector, Vestal Aug NQC Market
Big Creek,
2 Rector, Vestal Aug NQC Market
Big Creek, : ”
1 Rector, Vestal Aug NQC fMarket
Big Creek,
1 Rector, Vestal Market
1 Big Creek Pumps MUNI
2 Big Creek Pumps MUNI
3 Big Creek Pumps MUNI
4 Big Creek Pumps MUNI
5 Big Creek Pumps MUNI
6 Big Creek Pumps MUNI
7 Big Creek Pumps MUNI
8 Big Creek Pumps MUNI
9 Big Creek Pumps MUNI
10 Big Creek Pumps MUNI
11 Big Creek Pumps MUNI
12 Big Creek Pumps MUNI
13 Big Creek Pumps MUNI
14 Big Creek Pumps MUNI
Ventura, S
S .Clara, Not mm@!?d QF/Selfgen
- ‘ Aug NQC
Moorpark
Ventura,
1 S.Clara, Market
Moorpark
Ventura, .
S.Clara, |Notmodeled Jopcniren
M Aug NQC
oorpark
Ventura, .
S.Clara, | NOtMOUEE | npsiiten
Aug NQC
Moorpark
Ventura, i
S.Clara, NZ? W‘;ﬁgig é? d Market
Moorpark g M
1 Big Creek Aug NQC Market
G1 Big Creek Aug NQC Market
G2 Big Creek Aug NQC Market
S1 Big Creek Aug NQC Market
G3 Big Creek Aug NQC Market
S2 Big Creek Aug NQC Market
Ventura, s
! Moorpark Market
Ventura, o
2 Moorpark Market

4
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MKT/SCHED BUS
RESOURCE ID 4 | BUS NAME
MNDALY 7 UNIT 3 MANDLY3G
MONLTH_ 24456 | BOREL
MOORPK_2 CALABS [24099 |MOORPARK
24098 |MOORPARK
MOORPK_7 UNITA1 [24098 | MOORPARK
OMAR 2 UNIT1__[2410Z | OMAR 1G
OMAR 2 UNIT2 24103 | OMAR 2G
24104 | OMAR 3G
24105 | OMAR 4G
24107 |ORMOND1G
24108 |ORMOND2G
75614 | OSOA P
25614 | OSOA P
25614 | OSOA P
25614 | OSOA P
25615 | OSOB P
25615 | OSOB P
25615 | OSOB P
25615 | OSOB P
PANDOL 6 UNIT 24113 | PANDOL
PANDOL 6 UNIT 24113 | PANDOL
RECTOR 2 KAWEAH [24212 | RECTOR
4212 | RECTOR
RECTOR. 12 | RECTOR
RECTOR. 24212 | RECTOR
SAUGUS 24135 | SAUGUS
S  MWDFTH [24135 | SAUGUS
SAUGUS 6 PTCHGN 24118 | PITCHGEN
SAUGUS 6 QF  [24135
SAUGUS_7 CHIQCN [24135 | SAUGUS
SAUGUS_7_LOPEZ SAUGUS
SNCLRA_6_OXGEN [24110 | OXGEN
SNCLRA 6 _PROCGN [24119 | PROCGEN

90

UNIT | LCR SUB- NQC s
ID |AREANAME | Comments |CAISOTag
Ventura,
3 S.Clara, Market
Moorpark
1 Big Creek Aug NQC QF/Selfgen
I\\/I/ entura, Not modeled Market
oorpark
Ventura, Not modeled ol
Moorpark Aug NQC QF/Selfgen
Ventura, Not modeled s
Moorpark Aug NQC | F/Seffgen
1 Big Creek QF/Selfgen
2 Big Creek QF/Selfgen
3 Big Creek QF/Selfgen
4 Big Creek QF/Selfgen
Ventura, e
! Moorpark Market
Ventura,
2 Moorpark Market
1 BigCreek Pumps MUNI
2 BigCreek Pumps MUNI
3 BigCreek Pumps MUNI
4 BigCreek Pumps MUNI
5 BigCreek Pumps MUNI
6 BigCreek Pumps MUNI
7 BigCreek Pumps MUNI
8 BigCreek Pumps MUNI
Big Creek, . AT
1 Vestal Aug NQC QF/Selfgen
Big Creek, er NV @ ey
2 Vestal Aug NQC  GF/Selfgen
Big Creek, Not modeled y
e e fMarket
Rector, Vestal | Aug NQC
Big Creek, Not modeled Market
Rector, Vestal | Aug NQC N
Big Creek, Not modeled ool
Rector, Vestal | Aug NQC QF/Seligen
Big Creek,
Rector, Vestal Not modeled |QF/Selfgen
. Not modeled bt
Big Creek Aua NQG fdarket
. Not modeled ‘
Big Creek Aug NQC MLINI
1 Big Creek Aug NQC MUNI
. Not modeled ot
Big Creek Aug NQC QF/Selfgen
. Not modeled T
Big Creek Aug NQC Market
. Not modeled RPN
Big Creek Aug NQC QF/Selfgen
Ventura,
1 5. Clara, Aug NQOC QF/Selfgen
Moorpark
Ventura,
1 S.Clara, Aug NQOC Market
Moorpark
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MKT/SCHED BUS
RESOURCE ID 4 | BUSNAME | kv
SNCLRA 6_QF 24127 | SCLARA | 66
SNCLRA_6 WILLMT 24158 | WILLAMET [13.8
SPRGVL 2 QF 24215 | SPRINGVL | 66
SPRGVL 2 TULE [24215 | SPRINGVL | 66
SPRGVL 2 TULESC SPRINGVL | 66
SYCAMR_ 2 UNITS 24143 | SYCCYNIG |13,
SYCAMR 2 UNITS [24144 | SYCCYN2G |13.8
SYCAMR_ 2 UNITS 24145 | SYCCYN3G |13,
SYCAMR 24146 | SYCCYN4G | 13.8
TENGEN_2._ 24148 | TENNGENT | 13.8
TENGEN_2 24149 | TENNGENZ | 13.8
VESTAL. 04152 | VESTAL | 66
VESTAL 6 QF VESTAL | 66
VESTAL 6 ULTRGN |[24150 |ULTRAGEN [13.8
VESTAL 6 WDFIRE [28008 | LAKEGEN |38
WARNE 2 UNIT _ [25651 | WARNE1 |13,
WARNE 2 UNIT _ [25652 | WARNE2 | 13.8
APPGEN_6_UNIT 1 [24000 | APPGEN1G |13.8
APPGEN 6 UNIT1 [24010 | APPGEN2G [13.8
MNDALY_6 MCGRTH 29306 |[MCGPKGEN |13.8
NA 24326 | Exgent  |138
NA CHARMIN 138
NA 24362 | Exgen2  |138
NA 24370 | Kawgen |138
NA 24372 | KR3-1  |138
NA 24373 | KR32  |138
NA 24422 | PALMDALE | 66
NA 24436 |GOLDTOWN | 66

hist. data

LCR UB- NQIC . ‘
AREA NAME | Comments |[CAISO Tag
Ventura,

G.Clara, Aug NQC QF/Selfgen
Moormpark
Ventura,

S.Clara, Aug NQOC QF/Selfgen
Moorpark
Big Creek, Not modeled | .- n e

Rector, Vestal | Aug NQC QF/Selfgen
Big Creek, Not modeled Market

Rector, Vestal | Aug NQC e
Big Creek, Not modeled Market

Rector, Vestal | Aug NQC e
Big Creek Aug NQC  QF/Selfgen
Big Creek Aug NQC QF/Selfgen
Big Creek Aug NQC | QF/Selfgen
Big Creek Aug NQC QF/Selfgen
Big Creek Aug NQC Market
Big Creek Aug NQC Market
Big Creek, e OV 1 o e

Vestal Aug NQC QF/Selfgen
Big Creek, | Notmodeled | .o oo

Vestal Aug NQc  |@F/Selfgen
B‘%gsr;?k' Aug NQC  |QF/Selfgen
Big Creek,

Vestal Aug NQC QF/Selfgen
Big Creek Aug NQC Market
Big Creek Aug NQC Market

. No NQC - .
BigCreek hist. data Market

. No NQO - .
BigCreek hist. data Market
Ventura, :

S.Clara, Nw NQC - Market
hist. data

Moorpark

Ventura, e

S.Clara, No NQC - e seifgen

. hist. data
Moorpark
Ventura, N

S Clara, No NQC - opssirgen

‘ hist. data
Moorpark
Ventura, :

o g No NQC - e
S.Clarsa, hist data QF/Selfgen

, No NQC - A Aarke
Rector, Vestal hist, data Market
Big Creek, No NQC - o e,

Vestal hist. data | /Selfgen
Big Creek, No NQC - e e

Vestal hist. data | /Selfgen

. No NQC - "
BigCreek hist data Market
BigCreek No NOC - Market
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Major new projects modeled:

1. Segments of TRTP project

Critical Contingency Analysis Summar

Big Creek/Ventura overall:

The most critical contingency is the loss of the Lugo-Victorville 500 kV followed by
Sylmar-Pardee #1 or #2 230 kV line, which could thermally overload the remaining
Sylmar-Pardee 230 kV line. This limiting contingency establishes a LCR of 2241 MW in
2013 (includes 752 MW of QF, 381 MW of Muni and 46 MW of Wind generation) as the
minimum generation capacity necessary for reliable load serving capability within this

The most critical single contingency is the loss of Sylmar-Pardee #1 (or # 2) line
followed by Ormond Beach Unit #2, which could thermally overioad the remaining
Sylmar-Pardee 230 kV line. This limiting contingency establishes a LCR of 2161 MW in
2013 (includes 752 MW of QF, 381 MW of Muni and 46 MW of Wind generation).

Effectiveness factors:
The following table has units that have at least 5% effectiveness to any one of the
Sylmar-Pardee 230 kV lines after the loss of the Lugo-Victorville 500 kV followed by one

of the other Sylmar-Pardee 230 kV line in this area:

Gen Bus Gen Name Gen D MW Eff Fotr

24118 PITCHGEN )| 35
24148 ThENNGEN1 1 a5
24148 TENNGENZ D2 35

24008 APPGEN1G 1 34

24010 APPGENRG 2 34

24107 ORMONDIG 1 34

24108 ORMOND2G 2 34

24361 APPGEN3G 3 34

25651 WWARNE 1 33
1

25667 VWARNEZ 33
92
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24090
29306
24089
29004
29952
24326
24362
29055
29054
29053
29052
29051
25605
25606
25607
25607
25608
25608
25609
25609
25610
25610
25612
25612
24127
24110
24119
24159
24340
25611
25611
24222
25614
25614
25615
25615
25653
24370
24113
24113

MANDLY2G
MCGPKGEN
MANDLY1G

LLWOOD
CAMGEN

PETRIAGH
DMONTARP
nDMONZAP
DMONSAP
mDMONSARP
nDMON4AR
nDMONAAP
mDMONSAR
nDMONSAP
nDMONBAP
EDMONBAR
DMONSAP
n DMONEAR
S.CLARA
OXGEN
PROCGEN
WILLAMET
CHARMIN
 DMONT AR
= DMONTAP
MANDLY3G
OBOA P
OBOA P
Os80B P
0s0B P
ALAMO SC
KAWGEN
PANDICOL
PANDOL

O O

OOV e vo
T e T

K= T < T N Ui SR

v B oW O

. T T A B

W W W WO W WYY L OO o O o OO oo oo0oooo0oooooco

27
27
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28008
24150
24152
24372
24373
24102
24103
24104
24106
24143
24144
24145
24146
24319
24306
24306
24307
24307
24308
24308
24300
24309
24310
24310
24311
24311
24312
24312
24313
24314
24314
24315
24315
24317
24318
24437
24457
24465
24481
24483

LAKEGEN 1
ULTRAGEN 1
VESTAL 1
KR 31 1
KR 3.2 2
OMAR 163 1
OMAR 2G 2
OMAR 3¢ 3
OMAR 4G 4
SYCCYNIG 1
SYCCYNZG 2
SYCCYN3G 3
SYCCYN4G 4
EASZTWOOL 1
B CORK11 1
B CORK11 2
B CRK1-2 3
4
1
2
3
4
5
6
1
2
3
4
5
4

B CRK1-2
B CRK2-1
B CRK2-1
B CRK2-2
B CRK2-2
B CRK2-3
B CRK2-3
B CRK3-1
B CRK3-1
B CRK3-2
B CRK3-2
B CRK3-3
B CORK 4
B CRK 4 42
BCRKS 81
BCRKS 82
MAMOTH1G
MAMOTH2G
KERNRVR
ARBWIND
MORWINL
MIDWIND
NORTHWND

e I R N N N N T N T i S S A I\ S L T \C IS B

(O I S S L S S R G S S Y S S S e e S e

]

ﬁéﬁéﬁéﬁég\‘g
N~ N
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24484
24485
24458
24459
24480
24436
24456

ZONDWKNDT 1
ZONDWNDZ 1
EINCANWND 1
FLOWIND 1
1
1
1

DUTCHWND
GOLDTOWN
BOREL

Rector Sub-area

17
17
16
16
16
16

15

&

ffiffl -l — o

o

The most critical contingency for the Rector sub-area is the loss of one of the Rector-

Vestal 230 kV lines with the Eastwood unit out of service, which would thermally

overload the remaining Rector-Vestal 230 kV line. This limiting contingency establishes
a LCR of 601 MW (includes 7 MW of QF generation) in 2013 as the minimum capacity

necessary for reliable load serving capability within this sub-area.

ffectiveness factors:

The following table has units that have at least 5% effectiveness to the above-

mentioned constraint within Rector sub-area;

Gen Bus
24370
24319
243086
24306
24307
24307
24323
24308
24308
24309
24309
24315
24315
24310
24310
24311
24311
24312
24312
24313
24317
24318
24314
24314

Gen Name
KAWGEN

= ASTWOOD
B CRK1-1

B CRK1-1

B CORK1-2

B CRK1-2
PORTAL

B CRKZ-1

B CRK2-1

B CRK2-2Z

B CRK2-2

B CRKS

B CRKS

B CRK2-3

B CRK2-3

B CRK3-1

B CRK3-1

B CRK3-2

B CRK3-2

B CRK3-3
MAMOTH1G
MAMOTHZG
B CRK 4

B CRK 4

Gen D

1

B —

b

1
1
2
3
4
1
1
2
3
4
8
8
5
6
1
2
3
5
1
2
4
4

]

Eff Ftr (%)
45
41
41
41
41
41
41
40
40
40
40
40
40
39
39
39
39
39
39
39
39
39
38
38
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Vestal Sub-area

fiffl|

The most critical contingency for the Vestal sub-area is the loss of one of the

Magunden-Vestal 230 kV lines with the Eastwood unit out of service, which would

thermally overload the remaining Magunden-Vestal 230 kV line. This limiting
contingency establishes a LCR of 801 MW in 2013 (which includes 104 MW of QF

generation) as the minimum capacity necessary for reliable load serving capability

within this sub-aras,

ffectiveness factors:

The following table has units that have at least 5% effectiveness to the above-

mentioned constraint within Vestal sub-area:

(Gen Bus
28008
24113
24113
24150
243772
24373
24152
24370
24319
24306
24306
24307
24307
24308
24308
24309
24309
24310
24310
24315
24315
24323
24311
24311
24312
24312
24313
24317
24318
24314

Gen Name
LAKEGEN
PANDOL
PANDOL
LULTRAGEN
KR 3-1

KR 3.2
VESTAL
KAWGEN

= AS TWOODR
B CRK1-1

B CRK1-1

B CRK1-2
B CRK1-2

B CRK2-1
B CRK2-1
B CRKZ2-2

B CRK2.2
B CRK2-3
B CRK2-3
B CRK S

B CRK S
PORTAL

B CRK3-1
B CRK3-1
B CRK3-2

B CRK3-2

B CRK3-3
MAMOTH1G
MAMOTHZG
B CRK 4

Gen 1D
1

1
2
1

Eff Fotr (%)

22
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24314 B CRK 4 4 22

S. Clara sub-areas

The most critical contingency for the S.Clara sub-area is the loss of the Pardee to
S.Clara 230 kV line followed by the loss of the Moorpark to S.Clara #1 and #2 230 kV
lines, which would cause voltage collapse. This limiting contingency establishes a LCR
of 264 MW in 2013 (which includes 65 MW of QF generation) as the minimum capacity

necessary for reliable load serving capability within this sub-area.

ffectiveness factors:

The generators inside the sub-area have the same effectiveness factors.

Moorpark sub-areas

The most critical contingency for the Moorpark sub-area is the loss of one of the Pardee
to Moorpark 230 kV lines followed by the loss of the remaining two Moorpark to Pardee
230 kV lines, which would cause voltage collapse. This limiting contingency establishes
a LCR of 422 MW in 2013 (which includes 93 MW of QF generation) as the minimum

capacity necessary for reliable load serving capability within this sub-area.

ffectiveness factors:

The generators inside the sub-area have the same effectiveness factors.

Changes compared to last year’s results:

Overall the load forecast went down by 97 MW. The new Antelope 500/230 kV #1 and
#2 transformers have been modeled as part of the TRTP. The overall effect is that the
LCR has decreased by 852 MW. The majority of the LCR decrease is due to load

allocation change within the Big Creek Ventura.

Big Creek Overall Requirements:

2013 QFMWInd MUNI Market Max. Qualifying
(MWW (MWWY) (M) Capacity (MW)
Available generation 798 381 4097 5276
97
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2013 Existing Generation Deficiency Total MW

Capacity Needed (MW) (MW LCR Need
Category B (Single) 2161 O 2161
Category C (Multiple)y 224 O 224

17.  San Diego-Imperial Valley Area

Area Definition

The transmission tie lines forming a boundary around the Greater San Diego-Imperial
Valley area include:

1) Imperial Valley — North Gila 500 W Lin

2) Otay Mesa — Tijuana 230 kV Lin

3) San Onofre - San Luis Rey #1 23(} kV Line
4y  San Onofre - San Luis Rey #2 230 kV Line
5) San Onofre - San Luis Rey #3 230 kV Line
6) San Onofre — Talega #1 230 kV &Wémﬁ

7)  San Onofre — Talega #2 230 kV Lin

8) Imperial Valley — El C,ew"‘stm 230 kV E
9) Imperial Valley — Dixieland 230 kV kw ine
10) Imperial Valley — La Rma ta 230 kV Line

The substations that delineate the Greater San Diego-Imperial Valley area are:

1) Imperial ‘\/&%Eey in North Gila is out
2) Otay Mesa is in Tijuana is out
3)  San Onofre is mut San Luis Rey is in
4y  San Onofre is out San Luis Rey is in
5) San Onofre is out San Luis Rey is in
6) San Onofre is out Talega is in
7y San Onofre is out Talega is in

8) Imperial Valley is in El th“ IS out
9)  Imperial Valley is in Dixieland is out
10) Imperial Valley is in La Rm@ ta is out

Total 2013 busload within the defined area: 4990 MW with 124 MW of losses resulting
in total load + losses of 5114 MW.

% A sin ngle contingency means that the system will be able the survive the loss of a single element,
however the operators will not have any means (other than load drop) in order to bring the system within
a safe operating zone and get prepared for the next conlingency as required by NERC transmission
Opw:mt ons standards.

Multiple contingencies means that the svstem will be able the survive the loss of a single element, and
the operators will have enough generation {(other operating procedures) in order to bring the system
within a safe operating zone and gel prepared for the next contingency as required by NERC
transmission operations standards.

98
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CALIFORNIA PUBLIC UTI

=

ITIES COMMISSION

ON THE JANUARY 31 2011 DRAFT OF THE 2011-2012 TRANSMISSION PLAN
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February 28, 2012

Introduction

The Staff of the California Public Utilities Commission (“CPUC Staff”)

appreciates this opportunity to provide comments on the California Independent System

Operator’s (“ISO”) 2011-2012 Draft Transmission Plan ("Plan"), made public on January

31, 2012, and presented at the February 7, 2012 stakeholder meeting. CPUC Staff
especially welcomes the ISO’s focus on several 33% Renewable Portfolio Standard
("RPS") cases (alternative renewable resource portfolios) provided from the CPUC’s

Long Term Procurement Plan (“LTPP”) proceeding. These cases included informative

and perhaps unprecedented transmission analysis of a distributed renewable generation

scenario including substantial, additional, solar photovoltaic resources ( Environmentally-

Constrained case).
CPUC Staff comments on the Plan address the following areas:

. The Plan should contain a clear summary of key planning assumptions. This
summary should establish and/or contrast the relationship between these key
assumptions and corresponding assumptions being used in CPUC, California
Energy Commission (“CEC”), or other statewide planning processes.

2. The transmission planning assumptions used in the Plan include less incremental,
uncommitted energy efficiency; demand response; and combined heat and power

than were adopted for the CPUC’s Long Term Procurement Plan process. This

can produce a disconnect between transmission and resource planning. The
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6.

9.

2011-2012 Final Transmission Plan should clearly provide and describe the
assumptions used, including tables with the values utilized. In addition, CPUC
staft urges the ISO to use the CPUC’s LTPP assumptions for these demand-side
items in the 2012-2103 Transmission Plan.

. There should be more complete justification for large reliability projects.

If additional large reliability projects still under study are to ultimately be
included in the plan, they must first be fully explained and justified.

Assumptions underlying the “special reliability studies” regarding local capacity
requirements ("LCR") and once through cooling ("OTC") plants need to be more
clearly explained within the Plan (as opposed to citing external materials), and
divergence from planning assumptions used by the CPUC and CEC should be
justified.

Methodology and assumptions in the plan’s RPS-related studies of reliability and
deliverability in Chapter 4 need to be more clearly explained and justified in
several respects.

Based on reported results of RPS portfolio reliability studies, the ISO should
more fully justify the proposed new Bridgeville-Garberville 115 kV line, or
select one of the lower cost and easier to site alternatives.

There should be fuller description and justification of major transmission
additions being brought into the Plan via the generator interconnection process.
Key parameters in the economic studies should be more fully documented and
justified.

.The 1SO should show how resources supporting proposed location constrained

resource interconnection facilities ("LCRIF") designations correspond to the
Plan’s RPS portfolios.

Discussion

1. The Plan Should Contain a Clear Summary of Key Overarching
Planning Assumptions to Establish or Contrast the Relationship with
Corresponding Assumptions Being Used in CPUC, CEC, or Other
Statewide Planning Processes

As addressed in prior CPUC comments, coordination between the CPUC's

resource planning and the ISO's transmission planning is critically important. Much

progress has been made over the last several years toward harmonizing assumptions. It is

critical

that the public understands that the CPUC and ISO are using the same planning

assumptions when reviewing transmission and generation projects, and if any variation in

assumptions occurs, those variations are clearly identified and explained. The results of
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the ISO’s transmission planning efforts form the basis for Participating Transmission
Owners applications to the CPUC for authority to build. Lack of transparency could
extend the CPUC’s transmission project approval process, as discovery and cross-
examination are used to identify key assumptions and differences between [SO and

CPUC planning assumptions and lead to avoidable regulatory delays.

[SO staff has worked with CPUC Staff and provided mformation on demand and
supply-side assumptions, frequently beginning with specific information from the CEC
and CPUC. These efforts follow the spirit of the 2010 Memorandum of Understanding
between the ISO and CPUC." However, in some cases, the information used by the ISO
(see Section 2.3 and other sections of the Plan) has been modified from the original data,

or the information is not made available to stakeholders, including the CPUC.

As the examples discussed under topic 2 (below) illustrate, more transparency is
needed, and more detailed information should be provided in the Final Transmission
Plan. We suggest a central table or tables summarizing key assumptions and data
sources, explained i text, with appendices providing the actual assumptions and data
used. It is not entirely clear what assumptions have been used across cases in the Plan.
CPUC staff recommends that cases include load and resource tables that include at a
mintmum:

1}y Supply Side Resources.

a) Generation: Existing, retiring, and new generating units, each broken
out on its own line.

b) Non-generation: Demand response, combined heat and power”
generation that 1s exported to the grid, and other programs at an
appropriate level of geographic disaggregation (e.g., local reliability
areas).

b Memorandum of Understanding between the California Public Utilities Commission (CPUC) and the
California Independent System Operator (ISO) regarding the Revised 18O Transmission Planning Process,
dated May 2010.

* We refer to two different types of combined heat and power (CHP). “Supply side” CHP refers to units
that export encrgy to the grid, “Demand side”™ CHP refers to generation that meets onsite load but does not
export energy to the grid,

14
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2} Demand Side Resources.

a) What demand forecast was used, including probability (e.g., 1-in-10,
I-in-2) and vintage (e.g., 2009 Integrated Energy Policy Report).

b} Demand reductions: incremental uncommitted energy efficiency,
behind-the-meter combined heat and power, and other demand side
reductions (e.g. behind-the-meter solar photovoltaics) at an appropriate
level of geographic disaggregation.

Including this type of detail will allow stakeholders to provide more meaningful
comments on the Plan and to understand what assumptions were made. Without this
information, it 1s uncertain what changes or applications of programs to geographic areas

have been done in the modeling conducted for the Plan.

In addition, CPUC Staff makes these recommendations so that the Final
Transmission Plan will be as robust a document as possible, if used as evidence in a

CPUC proceeding for a Certificate of Public Convenience and Necessity (“CPCN”)

2. The Transmission Planning Assumptions Include Less Incremental
Energy Efficiency, Demand Response, and Combined Heat and Power
than Were Adopted for the CPUC’s Long Term Procurement Plan
Process, Which Can Produce a Disconnect Between Transmission and
Resource Planning.

The demand forecasts used in the Plan are based on the 2010-2020 California
Energy Commission demand forecasts for 1-in-10 and 1-in-5 load.” (See generally,
Section 2.3 of the Plan.) However, they do not include certain demand side reductions
included for LTPP and other purposes, such as incremental, uncommitted energy
efficiency programs” or incremental demand-side combined heat and power ("CHP").
Failure to fully account for these programs results in an increase in demand of 6,506
MW, ie., 819 MW from the CHP forecast in the 2010 LTPP, and 5,687 MW from energy
efficiency. However, there are other changes in the forecast that CPUC Staff have not
been able to reproduce, leading to a higher forecast in the ISO’s assumptions of

approximately 4,000 MW, rather than the identified 6,500 MW. The reasons for the

* Plan, pp. 32-33, section 2.3.2.7, Load Forecast.

" Uncommitted energy efficiency are savings expected to occur, but which may not yet have specific
funding or programmatic designs. This also includes future changes in codes and standards.
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discrepancy are not clear. The ISO should provide more detailed discussion of the
assumptions, changes, and justifications for these changes, so that stakeholders can
clearly understand what assumptions are used in the ISO’s models.

The ISO's December 8, 2011 presentation identified 2,581 MW of demand
response and interruptible programs. The 2010 LTPP planning assumptions adopted
5,145 MW. This reflects a 50% decrease in the values associated with demand response
programs, relative to the LTPP values. This derating of demand response and
interruptible programs reflects a significant departure from the 2010 LTPP assumptions.

In a similar vein, CPUC Staff understands that CEC staff are also trying to
reconcile assumptions about future renewable resources. In January 2012, CEC staff
requested additional detail regarding assumptions made about RPS and distributed

generation ("DG") resources included in the "policy" renewable scenarios for Southern

California Edison's ("SCE") territory by local reliability areas.” This information was not

provided, and CEC staff and its consultant, Navigant, attempted to estimate the RPS and
DG resources in SCE's territory by local reliability area. There are significant,
unexplained differences in megawatts between the nstalled capacity modeled in the
powerflow base cases and the amounts presented in the ISO presentation of December 8,

2011 by local area.

In sum, the transmission planning assumptions used in the Plan include less
incremental, uncommitted energy efficiency; demand response; and combined heat and
power than were adopted for the CPUC’s Long Term Procurement Plan process. The
2011-2012 Final Transmission Plan should clearly describe these differences and
describe the assumptions used, including tables with the values utilized. In addition,
CPUC staff urges the ISO to use the CPUC’s LTPP assumptions for these demand-side
items in the 2012-2103 Transmission Plan. In addition, there appear to be discrepancies
regarding RPS and distributed generation resources that should be resolved and/or

explained in the Final 2011-2012 Transmission Plan.
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3. There Should Be More Complete Justification for Large Reliability

Projects

“

Chapter 2 of the Plan recommends certain reliability projects. The Plan
recommends Board approval of the Embarcadero-Potrero project, a new 230 kV
underground cable from the Potrero substation to the downtown San Francisco
Embarcadero substation, providing a third line of supply to the downtown San Francisco
load center. This would provide redundancy to protect against the simultaneous loss of
both existing Martin-Embarcadero 230 kV circuits, a category C (N-2) contingency. The
cost estimate 1s $130-150 million. Because this project exceeds 200 kV, the developer,
PG&E, will be required to seek a CPCN from the CPUC.

The Plan states that the N-2 contingency driving the need for the project would
result in an estimated 250 MW of load shedding if the proposed project were not built,
and also states that, “these reliability projects [including Potrero-Embarcadero] are

necessary to ensure compliance with the NERC and ISO planning standards.”

However, NERC reliability standards do not require avoidance of load shedding
in the event of on N-2 (Category C) Bulk Electric System contingency, but rather state
with regard to such contingencies that:’

Depending on system design and expected system impacts, the
controlled interruption of electric supply to customers (load
shedding), the planned removal from service of certain generators,
and/or the curtailment of contracted Firm (non-recallable
reserved) electric power transfers may be necessary to maintain
the overall veliability of the interconnected transmission systems

Furthermore, the ISO’s Planning Standards (June 23, 2011) state on page 6 that

no single contingency (TPL-002 and ISO standard [g-1] [1-1]) should result in

loss of more than 250 MW of load. There 1s no stated ceiling on load shedding for
double contingencies, but on the same page it 1s stated that transmission upgrades not

required by the standards, “may be justified by eliminating or reducing load outage

exposure, through a benefit to cost ratio (BCR) above 1.0 and/or where there are other

® NERC Standard TPL-003-1a, approved by the Board of Trustees on February 17, 2011,
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extenuating circumstances.” (Emphasis added.)

The Plan describes the Category C contingencies considered to be reasons for the
proposed g”}mjemj It discusses the project's usefulness during planned outages and during
PG&E's proposed upgrade to the Embarcadero Substation, as well as the difficulty in
restoring service after the N-2 outage in question. However, there should be more
specific description of the p/*(mm‘im’f/ﬁ and duration of outage, and the consequent
economic loss, to be weighed against the cost of the project, as required in the [SO’s
planning standards. Also, the Plan should identify alternative solutions considered, their
effectiveness, and their total costs to ratepayers. Both the Plan and the PowerPoint
presentation on February 7, 2012,” were silent on alternatives considered. Similarly, the
interim solutions are not Sp@@iﬂ@ﬁﬁul{} All of the above matters would be important in a
CPCN proceeding. Note that a CPCN proceeding includes consideration of benefits and
costs."’

[SO identified other major and costly reliability projects, such as New
Bridgeville-Garberville No. 2 115 kV transmission line and the Kern PP 115 kV Area
Reinforcement project. As discussed in comments under topic 7 below, information
provided in conjunction with the Plan’s reliability studies for RPS portfolios indicates

that there may be lower cost alternatives to the Bridgeville-Garberville project that also

7 Plan, p. 107.

¥ Plan, p. 107, states: "Loss of Embarcadero Load." ... The Category C contingency of the loss of the
two Embarcadero-Martin 230 kV cables or a 230 kV breaker fatlure in the Embarcadero substation will
result i the loss of the load served at the Embarcadero substation. . . . While the likelihood of the
simultancous loss of both circuits is low, the consequences of the outage are severe and require mitigation,
U (Emphasis added.)

IS0 (Brvan Fong), "Reliability-Driven Transmission Project Needs & Recommendations Greater Bay
Area” 1in "2011/2012 ISO Transmission Plan Stakeholder Meeting," Feb. 7, 2012, PowerPoint presentation,
slide 7 (entitled "Embarcadero-Potrero 230 kV Line Project”).

Y Id

' A couple of attendees at the February 7, 2012 stakeholder meeting requested backup calculations for the
Benefit / Cost ratios for certain reliability projects (especially the Embarcadero-Potrero 230 kV
underground cable), and that such backup be provided in the future along with the Draft Plan. CPUC Staff

14f
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may present fewer siting issues. CPUC Staff requests that the ISO present a fuller
comparison of these alternatives.

4. If Additional Large Reliability Projects Still Under Study Are to
Ultimately Be Included in the Final Plan, They Must First Be Fully
Explained and Justified.

The ISO 1s still evaluating several potential reliability projects (see Chapter 2)
which could add substantially to the overall cost, including:
e Drum-Placer 115 kV line issues'” (Sierra foothills). Various

mitigations mm about $100-200 million according to the February 7th
presentation.’

»  Kern area 230 kV reinforcement (operational or infrastructure
N 14
solutions). Ihe: mm of alternatives was not specified in the February
7th presentation.”

*  Morro Bay-Mesa 230 kV Line Project.’® This project could cost close
to $70 to $85 million."”

[f any of these projects are included in the Final Plan, they should be fully explained and

justified along the lines discussed under topic 3 above.

2 Plan, pp. 95-97,

" ISO (Binaya Shrestha), "Reliability-Driven Transmission Project Needs & Recommendations PG&E

Central Valley Area," PowerPoint, February 7, 2012, shide 6,
' Plan, pp. 128-130.

* ISO (Abhishek Singh), "Reliability-Driven Transmission Pm;‘@m Needs & Recommendations San
Joaquin Valley Area,” PowerPoint, February 7, 2012, slides 1718

' Plan, pp. 136-137,

"7 Remarks at stakeholder meeting and ISO (Chris Mensah-Bonsu), "Reliability-Driven Transmission
Project Needs & Recommendations Central Coast and Los Padres Areas,” PowerPoint, February 7, 2012
shide 3.

144

SB GT&S 0718288



5. Assumptions Underlying the “Special Reliability Studies” regarding
Local Capacity Requirements (LCR) and Once Through Cooling
(OTC) Plants Need to Be More Clearly Explained within the Plan,
and Divergence from Planning Assumptions Used by the CPUC and
CEC Should Be Justified.

CPUC Staff appreciates the time and effort the ISO has made in collaborating
with agencies on once-through-cooled power plants and air quality 1ssues in the Los
Angeles Basin.'® (See Chapter 3 of the Plan.) This work is critical for input into the
CPUC’s Long Term Procurement Plan proceeding. An adequate record is necessary by
the second quarter of 2012 to inform the CPUC’s stakeholders of any needs for new
generation or repowering authorizations for local areas n light of the State Water
Resources Control Board's policy on once-through-cooled power plants.” (This is CPUC
Staff’s rough estimate of regulatory proceeding timelines that have not yet been
established.) CPUC staff requests that the ISO fully develop and complete the analysis as
a supplement to the 2011-2012 Transmission Plan, if not feasible to do within the Final

Plan.

The Plan refers to external planning materials for the LCR and OTC plant
assumptions. These references to external documents make 1t difficult to assess if the
tools are the same as those used in the Plan’s modeling. For example, the LCR Tool has
at least two different vintages publicly posted.”® Again, this type of discrepancy leads to
an increased likelihood that the ISO’s modeling results will be subject to additional
scrutiny in CPUC proceedings and could lead to delays in procurement authorizations for
replacement or repowered generation in the local areas. CPUC Staff has been unable, to
date, to identify the source of discrepancies. It would benefit all stakeholders if clear

descriptions of changes and methodologies were provided. Otherwise, additional time

' CPUC Staff understands that the ISO will submit testimony in CPUC Application 11-05-023 regarding
total local capacity requirements in San Dicgo, (8an Dicgo Gas and Electric has requested authorization to
contract for three new power plants in the San Dicgo Local Area.)

s . " " Ny . . N - N . . oy i
' Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling, available at
http:/fwww . swreb.ca gov/water issues/programs/ocean/cwal3 16/docs/policv 100110 pdf

0 See, http://www.caiso.com/2734/2734e3d964ec0 html.

K
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will need to be spent in the approval process as discovery and cross-examination are used
to identify key assumptions, and differences between ISO and CPUC assumptions are
litigated. If the Plan uses the exact assumptions as the cited external studies do, then the
assumptions are transparent, and planning efforts at different agencies are in sync.
However, to the extent the Plan actually relies on modified assumptions (as in the
examples discussed above), there could be a disconnect between planning efforts at

different agencies.

The LCR studies provide important information to the CPUC’s procurement and
LTPP processes; therefore, 1t is critical that the studies make clear where the assumptions
align with the CPUC’s LTPP Standardized Planning Assumptions; where they differ; and
what methodologies were used to translate broad planning assumptions to the local areas.
Without this type of detailed information made available, it is difficult for stakeholders to
make informed recommendations to the CPUC and for the CPUC to determine whether
new generation needs to be authorized.

6. Methodology and Assumptions in the Plan’s RPS Resource-Related

Studies in Chapter 4 Need to Be More Clearly Explained and Justified

The methodologies and assumptions for reliability and deliverability studies for
RPS portfolios as described in Chapter 4 should be more clearly explained in several
ways. Similarly, the interpretation of these study results for Plan purposes also needs to
be more clearly explained. This 1s especially important in light of the anticipated
increased importance of the transmission planning process (“TPP”) to plan delivery
network upgrades under TPP-GIP* integration reforms, to be combined with what we
understand would be continuing reliance on interconnection studies to plan reliability

network upgrades.

Thus, CPUC Staff requests that the ISO clarify and generally present in more
accessible form the following aspects of the reliability and deliverability studies

conducted for RPS portfolios as described in Chapter 4 of the Plan.

[RRERRRR RN R AR RN R R D R R R R ]

‘L “TPP-GIP” means Transmission Planning Process-Generator Interconnection Procedures.
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ffi Under TPP-GIP integration reforms, it is proposed that generation-related
upgrades would continue to be planned within interconnection studies
rather than in the TPP. What role would the reliability studies described in
Chapter 4 play in planning reliability network upgrades for new
generators?

ffi Please explain if and how the RPS portfolio-related reliability studies
described in Chapter 4 differ from the system reliability studies described
in Chapter 2, beyond simply considering four different RPS resource
portfolios in Chapter 4 rather than only the base case in Chapter 2. For
example, were there differences in the types of contingencies considered
or the types of power flow and stability analyses run, or in the assumed
wind and solar output levels (see below)?

ffi How did major assumptions and analyses for the on-peak reliability
(power flow and stability) analyses for RPS portfolios as described in
Chapter 4 differ from the deliverability studies described in the same
chapter for the same portfolios, particularly in terms of wind, solar and
other generation output levels and in terms of outage contingencies
studied?

ffi More specifically, please report quantitatively the assumed output levels
(relative to maximum capacity) for wind and solar generation in the
reliability studies described in Chapter 2, reliability studies described 1n
Chapter 4, and deliverability studies described in Chapter 4, indicating
differences across these different studies. Please provide quantitative
comparisons (among the different studies and RPS cases) in the aggregate
(all locations), and for at least a few major resource areas especially in the
Mohave area.

ffi It appears that deliverability studies described in Chapter 4 set wind and
solar output levels somewhere between the 50% and 20% exceedance
levels over the QC period™ (with 20% exceedance representing a level of
output exceeded only 20% of the time during the QC period).
Consequently, the amount of transmission capacity required for
deliverability would appear to generally exceed what is needed to deliver
the resources at their resource adequacy (Net Qualifying Capacity) levels,
which reflect a lower level of output. This should be clarified and
justified.

ffi Section 4.10.1.1, regarding the RPS portfolios deliverability studies,
states, “Tmports are at the maximum summer peak simulianeous historical
level by branch group . . . . For any intertie that requires expanded MIC,
the import is the target expanded MIC value.” The Plan should clarify the

* The Qualified Capacity determination period, i.e., the hours between 12 p.m. and 6 p.m. during May
through September,

7 11
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relationship between the above summary of study assumptions and the
statement on page 2 of the Executive Summary that, “Fxisting inter-state
fransmission will have capacity made available as renewable resources
displace energy from traditional resources.”

ffi What thermal generation at high risk of retiring by 2021 was modeled with
non-zero output in the reliability and deliverability studies? Such
generation should be identified and the consequences of its inclusion
versus exclusion in the reliability and deliverability studies should be
clearly explained. The modeled output of such generation in the
reliability, deliverability, and deliverability sensitivity (limited OTC
capacity) studies should be reported.

ffi The overall impact on RPS portfolio deliverability of assuming limited or
minimum capacity at OTC locations under the deliverability sensitivity
studies should be explained more clearly.

ffi It is unclear if some of the instances of deliverability issues (non-
deliverability of some generation) described in Section 4.10 refer to
thermal generation deliverability but not significantly to RPS portfolio
deliverability, despite being included in the Chapter on RPS resource
studies. This should be clarified.

7. Based on Reported Results of RPS Portfolio Reliability Studies, the

ISO Should More Fully Justify a New Bridgeville-Garberville 115 kV
Line, or Select Lower Cost and Fasier to Bite Alternatives

Chapter 4 of the Plan states on page 292 that:

With additional renewable generation modeled in the
environmentally constrained porifolio, overload on the
Bridgeville-Garberville 60 kV line was higher than in the
reliability studies. The new Bridgeville-Garberville 115 kV line
would mitigate the overload under normal conditions. It would
also mitigate caregory B and (' contingency overloads and voltage
concerns. If the new transmission line is not constructed, the
reconductoring of the overloaded sections would mitigate the
overload.

On page 294 the Plan also identifies voltage concerns for this part of the grid in
connection with some RPS resource cases, but states that, “Additional reactive support
would also mitigate the voltage deviation concerns, but it would not mitigate thermal

overloads.” 7

It thus appears that reconductoring plus reactive support would mitigate the
thermal plus voltage issues in this part of the grid even under the environmentally
constrained RPS resource case producing the greatest impacts. Thus, the CPUC Staff
7 12
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requests that the ISO provide a cost comparison of a new 115 kV line versus
reconductoring plus reactive support. If the 115 kV line remains the proposed remedy,
the Plan should more fully explain and justify it.

8. There Should be a Fuller Description of Major Transmission

Additions Being Brought into the Plan via the Interconnection Process

For several years the ISO, CPUC, and virtually all stakeholders have recognized
that it is inefficient to have planning (and re-planning) of major transmission upgrades
supporting the State’s renewable energy goals conducted piecemeal via the generator
interconnection process. Because of this, we have all been seeking, and the ISO has been

developing, a more holistic and transparent approach to planning such transmission.

The previous 2010-2011 plan cycle introduced substantial amounts of Large
Generator Interconnection Procedures-driven (“LGIP”) transmission directly into that
plan, without assessing and reporting on the efficiency and utilization of those additions
in the context of the overall plan. It was also unclear to what extent this LGIP
transmission in the 2010-2011 plan went beyond what was needed by generators having
signed tnterconnection agreements. CPUC Staff agrees that, as indicated in the Draft
2011-2012 Plan, the proposed LGIP-driven Pisgah-Lugo 500 kV project previously
included in the 2010-2011 plan should be removed from the planning base case. This
was removed due to showing very low utilization under RPS resource cases for the 2011-
2012 Plan and also due to not being supported by current information on generation
projects under development.

The tariff-based limitation for studying LGIP-driven upgrades specifically in the

* no longer applies in the 2011-2012 cycle, and

2010-2011 transmission plan cycle

CPUC-provided RPS resource scenarios are now being used n the TPP for the first time

in the 2011-2012 plan cycle.® Furthermore, current reforms, including Cluster 1-4
@ o aune”

“ IS0 tariff, Section 24.4.6.5 states, in part: “Beginning with the 2011/2012 planning cycle, Network
Upgrades originally identified during the Phase 11 Interconnection Study or Interconnection Facilities Study
Process of the Large Generation Interconnection Process as set forth in Section 7 of Appendix Y that are
not already nchuded in a signed LGTA may be assessed as part of the comprehensive Transmission Plan if
these Network Upgrades satisty the following criteria ..."

“* This is consistent with the May 2010 Memorandum of Understanding between the CPUC and ISO.
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deliverability study refinements and the TPP-GIP integration initiative mentioned above,
are moving us away from simply moving interconnection process-driven transmission

additions directly into the Transmission Plans.

Thus, it 1s essential to more fully describe and assess the interconnection process-
driven transmission additions that are being imported directly into the Plan. This includes
LGIA-driven transmission listed in Table 1 of Executive Summary and in Table 4.3-2.
Fuller disclosure is needed for understanding the role and importance of these proposed
LGIA-driven transmission additions in the context of the broader plan and RPS scenarios.
This should help mform development of future RPS scenarios for planning purposes, and

may also help inform the procurement process.

Furthermore, Section 4.3 4 of the Plan states:™

The RPS portfolios and generator interconnection studies have
considerable overlap in terms of location and generation technology.
it is veasonable 1o assume that transmission upgrades that are in an
executed LGIA would be needed to interconnect and deliver renewable
generation in the RPS portfolios if the renewable generation capacity,
technology and location in the portfolios correspond to that in
generator inferconnection studies. Therefore, some transmission
upgrades in executed LGIAs were modeled in the policy-driven
planning base cases based on the comparison of portfolios discussed
in Section 4.1 and previous generator interconnection studies vesults.

It is essential to explain more fully which “transmission upgrades in executed
LGIAS” were and were not included in the Plan base case and why, including whether
they were modeled for all four RPS resource cases. This should include fuller description
of the megawatts and locational correspondence between the above-referenced generation
having executed LGIAs versus generation in the RPS study portfolios. It should also
include reporting the projected utilization (via production simulation) and cost of the
LGIA-driven transmission upgrades (see below), and the consequences for the RPS

portfolios, if particular LGIA-driven upgrades included in the base case were omitted.

= Plan, p. 272.
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At a mintmum, the additional mformation that should be reported for the LGIA-
driven transmission lines (and where noted, substations) listed in Table 4.3-2 includes the
following. (CPUC Staff understands that this information is partially provided in the
present Plan draft.)

ffi The physical/electrical characteristics of the transmission line additions,
including voltage, transfer capability increase and endpoints.

&

ffi The MW and locations of (1) the renewable (and other) generation having
signed interconnection agreements for which this upgrade 1s needed, and
(2) separately, the additional renewable (or other) generation that could be
accommodated via this upgrade beyond the generation having signed
interconnection agreements.

ffi The estimated in-service date and cost of the transmission line and
substation additions.

ffi  Whether the transmission line and substation additions would be needed
for reliability or for deliverability purposes, for the generators having the
signed interconnection agreements for which the upgrade is needed.

[

ffi The modeled 8760-hour utilization of the transmission line additions
under the four RPS scenarios studied for Plan development.

With regard to the last point regarding projected 8760-hour utilization, if any (not
just interconnection process-driven) major transmission additions are projected to have
low 8760-hour utilization,” this calls into question the value of these projects, which
needs to be explicitly justified.

9. Key Parameters in the Economic Study Should be More Fully

Documented and Explained

Transmission costs can be high and can exceed estimates, especially in California
and especially when encountering major siting issues. When conducting and reporting on
economic congestion studies as well as studies responding to study requests, as in
Chapter 5 of the Plan, the ISO should more fully describe the source and rationale for the
fransmission cost estimates affecting the calculated cost effectiveness of transmission

solutions under study. Furthermore, assumptions and methods used to convert direct

+ |

% Production simulation results presented in Section 4.6 of the Plan show very low projected 8760-hour
utilization for certain RPS-driven transmission projects,
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capital costs to total ratepayer costs, and to calculate various kinds of benefits against
which costs are compared, such as summarized in Section 5.4.4 of the Plan, should also
be more fully documented and justified. Finally, given the uncertainties in both future
circumstances and in appropriate selection of economic parameters, assessment of large
potential transmission projects initially yielding marginal benefit-cost ratios should be

augmented with sensitivity analysis regarding key assumptions and economic parameters.

[f studies pursuant to a study request identify a transmission solution that could
be an efficient substitute for other transmission additions that have been previously
identified but not yet permitted, then the ISO should evaluate whether such a substitution
(as opposed to additional on top of the previously identified transmission) would

produce better value for ISO ratepayers.

10.  The ISO Should Show How Resources Supporting Proposed Location
Constrained Resource Interconnection Facilities (LCRIF)
Designations Correspond to the 2011-2012 Plan’s RPS Portfolios

Chapter 6 describes final approval for the Highwind LCRIF and the decision not
to conditionally approve an Imperial Valley LCRIF. Under the [SO’s tariff, final
approval of a LCRIF requires demonstration that at least 60% of the proposed facility’s
capacity 1s accounted for by location-constrained resources demonstrating “interest” by
meeting certain criteria, with at least 25% of the facility’s capacity having to be
accounted for by generators having executed interconnection agreements. For both the
Highwind LCRIF and the proposed Imperial Valley LCRIF, and any future LCRIFs, the
[SO should report on: (1) how resources identified as contributing to the above
“mnterest,” and (2) how total resources using the LCRIF, were it to be fully subscribed,

correspond to resource quantities and locations in the RPS portfolios studied.

Thank you for your attention to these comments.

Comments submitted by e-mail to: RegionalTransmission@caiso.com
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Contact:

Keith D. White, kwh@cpuc.ca.gov
Nathaniel Skinner, nws@cpuc.ca.gov
William Dietrich, william.dietrich@cpuc.ca.gov

Generation and Transmission Planning Section
Infrastructure Planning and Permitting Branch
Energy Division

California Public Utilities Commission

505 Van Ness Avenue, 4th floor

San Francisco, California 94102
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Guidelines for Developing an
Under Voltage Load Shedding (UVLE) Evaluation Program

INTRODUCTION

This guideline is intended to address UVLS programs designed to prevent wide-area voltage collapse and
cascading, whether the control is applied locally or by a centralized controller. Such UVLS programs are
intended as a safety net to stabilize the system and prevent cascading outages for severe contingencies.

Locally applied LV relay schemes - intended 1o protect the local load — such as laroe induciion
molots bomeally s Slpde distiibiion fopder - slould begcconnied se inicracting byl e oy
teguired to be ncluded 1o the analysis of UNVILS praoranis eacept as needed ol coordination
BES UNVES prosrams - application ol U V15 systetns to protect the BES (rom cascading and
miajor load centers [rom uneonirolled vallaoc collapse. These sysiems should be ncluded in
conlinpency anadvsie and e ol Lo ollowing contol Lo

o Locally controlled  —use ol local conbrolsitelays as part ot g wide-area L VLS prooiam
witcnded o control wide eas sodinat voliee collapee. Wiy be applied ol e
disitibiion sabanamiss ol o nsaeion valiaoe bucls
Centralbvenmrolied - Soplicahon ol aconanlly connlled wideeaen L vl = i
i hen o nioe o dislniinilion subleis ison. or il sl mumm iended o
contpl wider oo apaing wollaoe collar

These guidelines were developed by the TIS based on initial drafls provided by the UVLS subgroup of
the TIS and System Protection and Controls Task Force. That group’s review of UVLS studies
undertaken by the regions in response to NERC blackout recommendation 8b.

POWERFLOW AND DYNAMICS CASE SELECTION

Given the fact that the electric system can be most vulnerable to a system disturbance while being
operated in stressed conditions, it is important to understand the response of the system under those
conditions.

The analysis should be done using an appropriately stressed power{low and associated dynamics case.
Examples are summer peal, winter peak, or high transfers during off-peak periods.

Case selection should also include consideration of unit commitment to reasonably minimize inertia and
reactive power supply in the arca under study.

CONTINGENCY SELECTION AND EVALUATION

ffi BPS UVLS programs should not be used to meet the performance requirements of NERC category B
contingencies.
o For NERC category B contingencies, the application of locally applied UV relay schemes are
acceptable to protect local load as described in the above introduction.
ffi For category C and D contingencies, the application of BPS UVLS programs should be considered as
“safety nets,” to avoid voltage collapse or voliage instability, and studied to ensure that they
adequately perform that function.

o For NERC category C and D contingencies, application of locally applied UV relay schemes
are acceptable to protect local load as described in the above introduction.
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Guidelines for Developing an
Under Voltage Load Shedding (UVLS) Evaluation Program

o The application of BPS UVLS programs also should be studied to address multiple unrelated
outages (extreme events) and external contingencies.

METHODS AND MODELS ANALYSIS

Generator and load responses to a system contingency play a predominant role in whether a system is
stable or it collapses. Therefore, system stability cannot be determined using only steady state tools, and
dynamic studies with appropriate models and controls for generators and loads are essential.

ffi  Steady State Simulations

o Appropriate static and dynamic load representation should be modeled. Load characteristics
in general, and motor load characteristics in particular, can have a signilicant impact on
system response following a system event. Knowing actual load characteristics in order to
accurately model the load is very mmo'mm in such studies. As sometimes it is difficult to get
this information, it is important to examine the sensitivity of the system to a range of load
characteristics. 11 studies show that results are sensitive to the load model used, the planner
should attempt to verily actual load characteristics in the affected area. An example of a
special load modeling consideration is high concentrations of high-efficiency residential air

conditioning.
o kExisting special profection systems (SP5) and tap changing under load transformers (LTCs)

should be modeled in the analysis,

o As part of the steady-state analvsis, powerlflow simulations including PV and QV analysis
should be performed.

o Load serving or trapsfer capability into a given arca or system should be determined under
outages of various real and reactive power sources in the area.

o Pre-contingency, post-contingency without operator or automatic device operation, and post-
contingency with operator or automatic device operation cases should be analyzed.

ffi  Dynamics Simulations
o Appropriate static and dynamic load representation should be modeled.

o Models and controls for generators and loads, induction motors, over excitation limiters
(OELs), LTCs, flexible AC transmission (FACTS) devices, relays, existing special protection
systems (5P5), ete., should be included in the dynamic model.

o UFLS systems should be modeled in the dynamics case to assess any potential interaction
with UVLS systems.

CRITERIA FOR IDENTIFYING / DETERMINING
VOLTAGE STABILITY PROBLEMS

Criteria should be established and documented for evaluating/analyzing veltage stability problems. Wm
following applicable guidelings were developed by the TIS in answer to Recommendations 7a and |

from the NERC dugust 14, 2003 Blackoui: NERC Actions to Prevent and Mitigate the Impacts of 'ff'zzizw
Cascading Blackouts February 10, 2004.
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Guidelines for Developing an
Under Voltage Load Shedding (UVLS) Evaluation Program

Each transniission owner or fransmission planner should be responsible for establishing applicable
voltage linits in its respective area, with a documented process, in accordance with NERC standards.
This process should be shared with the region for review and approval. The region(s) should be
responsible for facilitating the resolution of any potential conflicts in the applicable voliage limits
established between adjacent transmission owners,
Examples of criteria are as follows:
a.  Steady State Criteria
ffi  Post-contingency Power Margin (MW) of 3% to 5% from the nose point of the PV curve,
ffi  The post-contingency voltage at the knee point above 92% of nominal or 0.92 per unit,
whichever is hi

ffi Delta V — To the extent that a Delta V criterion is used by transmission planners for
screening voltage limitations, the criterion should be documented, and be based on
detailed analysis and not an arbitrary rule of thumb.

Other considerations for dynanics analysis including:
ffi  Design voltage criteria for nuclear plant off-site power supplies.
b, Dynamic Criteria
Short-Term Dynamic Criteria — to determine fast voltage collapse
ffi  After fault clearing — Minimum of 70% of nominal voltage at any bus and not to fall

below 80% for more than 40 cycles at load buses. The voliage during a fault would be

expected to drop below 70%.

Long-Term Dynamic Criteria - to determine slow voltage collapse

ffi  Voltage should return to at least 90% of nominal level in 10 seconds
Other considerations for dynamics analysis including:

ffi  Mintmum voltages at plant auxiliary buses.

ffi  Design voltage criteria for nuclear plant off-site power supplies

e

ffi Large industrial motor control drop-out voltages

OTHER STUDY CONSIDERATIONS

Sensitivity studies should consider the following scenarios.

ffi  Sensitivity analysis to tripping of severely overloaded lines should be evaluated when loading reaches

a level that may result in tripping due to relay loadability limitations or conductor sag limitations
ffi  Customer real and reactive power demand forecast ervors
ffi  Outages not routinely studied in the region of interest
ffi  Outages not routinely studied on neighboring systems
ffi Unexpected generator unit trips following major disturbances

ffi  Lower voltage line trips following major disturbances

Page 3
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Guidelines for Developing an
Under Voltage Load Shedding (UVLE) Evaluation Program

ffi
ffi
ffi
ffi
ffi

ffi
ffi

ffi
ffi
ffi
ffi
ffi
ffi

Variations of neighboring system’s gencration dispatch

Large and variable reactive exchanges with neighboring systems

More restrictive reactive power constraints on neighboring system gencrators than forecast
Variations in load characteristics, especially in load power factors

Risk of the next major event during a 30-minute adjustment period or an adjustment period consistent
with NERC Standards

Not being able to readjust adequately to get back to a secure state

Increases in major transmission interface flows following major contingencies due to various factors
such as undervoltage load shedding, SPS or remedial action scheme (RAS)

On-system reactive resources not responding

Execitation Hmiters responding prematurely

Possible PS5 failure

Prior outages of sysiem facilities

More restrictive reactive power constrainis on internal generators than planned

Neighboring system voltage profile for the operating condition (the higher the voltage on the

neighboring system in the pre-contingeney case, the hig igher the contingency voltage will be in the area
under study).

RECOMMENDED DOCUMENTATION

The following are the recommended documentation and reporting for UVLS investigations:

ffi

ffi

ffi

Pescription of screening studies to identify voltage stability challenged areas.
DPescription of undervoltage scenarios identified by the screening studies.
o Contingency type studied (c.g., Clor K}?‘,)A

o Pre-gvent conditions studied including degree of system stress (e.g., large generator outage,
high transler levels, high load levels, poor load power f@Mmﬂem.).

o Long-term vs short-term voltage collapse.
o Amount and location of load at risk.
o Applicable voltage stability criteria.
DPescription of analysis used to study the event.
o Regional method for simulating cascading event scenarios (was/was not) developed and used.
o Cascsused in the analysis.
o PV/QV analysis methods.
o Consideration of thermally overloaded and tripped lines
o Dynamic analysis (short-term voltage collapse events)

o Load modeling sensitivitie
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Under Voltage Load Shedding (UVLE) Evaluation Program

ffi  Verification of operational security of any automatic regulating device(s) employed to prevent
voltage collapse thal require(s) station service for proper operation,
o Can the device(s) survive the event(s) threatening voltage collapse and provide mitigation as
modeled?

o Is the station service adequate to keep the device(s) on line through the studied event(s)?

ffi  Description of each UVLS scheme determined to be feasible and beneficial in preventing voltage
collapse.
o General locations, order, and amount of load to be shed.
o Type of UVLS controls — centralized or distributed.
o s the application of UVLS a temporary or long-term mitigation?
ffi  “Next Steps,” with estimated schedule.
ffi  Summary of studies that support each UVLE scheme.

ffi  Overview of interaction between cach UVLS scheme with UFLS and other protection schemes
(regional and inter-regional, as appropriate), and an overview of the level of effort required to assess
coordination between these various schemes and to mitigate any miscoordination.
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Reducing greenhouse gas emissions 80% below 199
fevels by 2080 is the subject of vigorous policydebate but
there has been little physically realistic modeling of the
energy and economic transformations regquired. We
analvzed the infrastructure and techiologyv path required
to meet this goal in a specific economy (California), using
detailed modeling of infrastructure stocks, resource
constraints, and electricity systemioperability. We find
that technically feasible levels ofenergy efficiency and
decarbonized energy supply alone are not sufficient.
Rather, widespread electrification of transportation and
other sectors is required. Decarbonized electricity
becomes the dominant form of energy supplv, posing
challenges and opportunities for econemic growth and
climate pelicy. The transformation demands technologies
that are not vet commercialized and coordination of
investment, technology development, and infrastructure
deplovment.

Pacala and Socolow proposed a way to stabilize climate using
existing greenhouse gas (GHG) mitigation technologies,
visualized as interchangeable, global-scale “wedges” of
equivalent emissions reductions (/). Subsequent work has
produced more detailed analyses, but none combines the
sectoral granularity, physical and resource constraints, and
geographic scale needed for developing realistic technology
and policy roadmaps (2-4). We addressed this gap by
analyzing the specific changes in infrastructure, w;hm‘;lw

cost, and governance required to decarbonize a major
economy, at the state/provincial level that has primary
A'lérmliwt'am over electricity supply, transportation planning,

uilding standards, and other key components of an energy
transition.

California is the world’s sixth largest economy amd 1o
largest emitter of GHGs, its per capita GDP am‘% GH
emissions are similar to those in Japan and £
choices have broad relevance

urope, mm its

policy and technology

f=M
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nationally and globally (5, 6). California’s Assembly Bill 32
(AB32) requires the state to reduce GHG emissions to 1990
levels by 2020, a reduction of 30% relative to business as
usual assumptions (7). Previous modeling work we performed
for California’s state government formed the analytical
foundation for the state’s AB32 implementation plan in the
electricity and natural gas sectors (8, 9). California has also
set a target of reducing 2050 emissions 80% below the 1990

level, consistent with the [PCC emission trajectory for a 450
ppm carbon dioxide equivalent (COse) stabilization path that
avoids dangerous anthropogenic interference (10). Working

at both time scales,

e found a pressing need for

methodologies that bridge the analytical gap between
planning for shallower, near-ferm GHG reductions, based
entirely on existing commercialized technology, and deeper,

long-term GHG reductions, which will depend substantially

on technologies that are not vet commercialized.

We used a stock-rollover methodology that simulated
physical infrastructure at an aggregate level, and built
scenarios to explore mitigation options (71, 12). Our model
divided California’s economy into six energy demand sectors
and two energy supply sectors, plus cross-sectoral economic
activities that produce non-energy and non-CO, GHG
emissions. The model adjusted the infrastructure stock (e.g.,
vehicle fleets, buildings, power plants, and industrial
equipment) in each sector as new infrastructure was added
and old infrastrocture was retired, each vear from 2008 to

2050. We constructed a baseline scenario from government
forecasts of population and gross state product, combined
with regression-based infrastructure characteristics and
emissions intensities, producing a 2050 emissions baseline of
875 Mt COze (Fig. 1. In mitigation scenarios, we used
backcasting, setting 2050 emissions at the state target of 85

Mt COse as a constrained outcome, and altered the emissions
infensifies of new infrastructure over time as needed to meet
the target, emploving seventy-two types of physical

mitigation measures (13). In the short term, measure selection

24 November 2011 / Page 1/ 10.1126/science. 1208365
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was driven by implementation plans for AB32 and other state
policies (table S1). In the long term, technological progress
and rates of introduction were constrained by physical
feasibility, resource availability, and historical uptake rates
rather than relative prices of technolog

or carbon as

Cnergsy

F
in general equilibrium models (J4). Technology penetration
levels in our model are within the range of technological

feasibility for the U.S. found in recent assessments (table
S200 (15, 16). We did not include technologies expected to be
far from commercialization in the next few decades, such as
fusion-based electricity. Mitigation cost was calculated as the
difference Emmwm total fuel and measure costs in the
mitigation and baseline scenarios. Our fuel and technology
cost assumptions, inchuding learning curves, are axumgmmi sle
to those in other recent studies (tables 84, 85, 811, and 8§12,
and fig. 829) (17). Clearly, future costs are very uncertain
over such a long time hmmm especially for technelogies that

are not vet commercialized. We did not assume explicit
lifestyle changes (e.g., v

egetarianism, bicycle transpartation)
which could have a significant effecton mitigation
requirements and costs (78); behavior change nour model is

subsumed within conservation megsures and énergy
efficiency.

In order to ensure that electricity supply scenarios met the
technical requirements formaintaining reliable service, the
model featured an electricity system dispateh algorithm that
tested grid operability. Without a dispatch model it is difficult

to determine if a generation mix has infeasibly high levels of
intermittent generation. We developed an electricity demand
curve bottom-up from sectoral demand, by season and time of
day. Based on the demand curve, the model constrained
generation scenarios to satisfy in succession the energy,
capacity, and system balancing requirements for reliable
operation. The operability constraint set physical limits on the
penetration of different ty pw of generation, and specified the
requirements for peaking

generation, on-grid energy storage,
transmission capac

. amd out-of-state imports and exports
for a given generation mix (table 813 and figs. 820 to ‘»‘ﬂ? It
was assumed that over the long run California would not ©

it alone” in pursuing deep GHG reductions, and thus Ehat
neighboring states decarbonized their generation such that the
carbon intensity of imports was comparable to California in-
state generation (19).

Electrification required to meet 80% reduction target.
Three major energy system transformations were necessary to
meet the target (Fig. 2). Twi energy efficiency had to
improve by at least 1.3% yr'' over 40 vears. Second,

electricity supply had to be nearly decarbonized, with 2050
emissions intensity less than 0.025 kg COw/AWh. Third,
most existing direct fiel uses had to be electrified, with
electricity constituting 55%
compared to 15% today. |

of end-use energy in 2050,
Lesults for a mitigation scenario
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including these and other measures are shown in Fi

of emissions reductions relative to 2050 baseline emissions
came from energy efficienc

T% from decarbonization of

electricity generation; 14% from g combination of energy
measures including smarf growth, biofuels, and rooftop solar
photovoltaics (PV);15% from measures to reduce non-energy
CO, and non-CO, GHGszand 16% from electrification of
existing direct fughusesin transportation, buildings, and
industrialprocesses: Table 1 shows changes from 2010 to
2050 m primeary and end use energy and emissions by sector
and fueltype for the baseline and mitigation cases, along with
percapita and:economic intensity metrics.

The mostimportant finding of this research is that, after
other emission reduction measures were employed to the
raximum feasible extent, there was no alternative to
widespread switching of direct fuel uses (e.g., gasoline in
cars) to electricity in order to achieve the reduction target.
Without electrification, the other measures combined
produced at best 2050 emissions of 210 Mt COqe, about 50%
below the 1990 level. The largest share of GHG reductions
from electrification came from transportation, in which 70%
of vehicle miles traveled-—including almost all light duty

vehicle mileg—were pwwcrccj %’ 7 electricity in 2050, along
with 20% from biofuels and 1 from fossil fuels. Other key
applications for fuel switching occurred in space and water
heating and ind wma} processes. Figure Ma shows that even
with aggressive EF keeping other demand growth nearly flat,
fuel-sw m hing to nw}c‘
generation by 2050. “Smart charging” of electric vehicles was

essential for reducing the cost of electrification, by raising

ricity led to a doubling of electricity

utility load factors and reducing peak capacity requirements
through automated control of charging times and levels (Fig.
1B),

In the electricity sector, three forms of decarbonized
generation—renewable energy (RE), nuclear, and fossil fuel
with carbon capture and storage (CCS})—each has the

potential to become the principal long-term electricity
resource in California, given its resource endowments. All
currently suffer from technical limitations and high cost
relative to the conventional generation alternative, natural

, 80 it is not obvious which if any of these will dominate in
the long run. Therefore, we built separate high RE, high
nuelear, and high CCS scenarios that met the target, plus a

mixed case. Because these technologies have very different
operating characteristics—C U8, when commercialized, is
expected to E’)u dispatchable; nuclear is baseload; and the most
abundant RE reseurces (wind and solar) are intermittent—
they ab‘;@i ave very different needs for supporting
infrastructures, including capacity resources, high-voltage
transmission, and energy storage. Figure 3C shows the
generation scenarios. The high RE case has the highest

requirements for installed capacity, transmission, and energy
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storage; the high muclear case requires the largest export
market for excess generation, along with an expansion of
upstream and downstream nuclear fuel cycle infrastructure;
and the high CCS case requires construction of CO,
transportation and storage infrastructure. In addition, water,
land use, and siting issues are quite different for each of these
options. Residual electricity sector carbon emissions in 2050
came primarily from¢ wmé ustion of natural gas for peaking
generation and CCS. CCS fleet-average carbon storage
efficiency in 2050 was (} }% but new CCS unifs were
required to reach

98% efficiency. Within the western grid of
which Cali Emmeg is part, all existing conventional coal plants
were retired at the end of

Some stu

their planning lives of 30 years.
est that 100% of future electricity
met by renewable energy, but our
yf penetration to be infeasible for

dies su

requirements wtéld Em m
analysis found this level o
California (20, 21). We fo
energy penetration ¢ Ewgmm alifornia’s high renewable

resource endowment, even assuming perfectrenewable

md a maximum of 74% renewable

generation forecasting, breakthroughsin.sterage technology,

replacement of steam generation with fastresponse gas

;md a major shift in load curves by smart charging

generation,
{ 1g historical'solarand wind resource profiles

of vehicles, Us

in California &mi surrounding states, the electrcity system
required 26% non-renewable generation, from nuclear,

natural gas, and hydro, plus high storage capacity to maintain
operability. [t would be possible to forecast higher
penetration in cases with a higher resource base and/or much
lower energy demand, for example due to lower population
growth or lower economic growth.

Unprecedented energy efficiency, limited contribution
from biofuels. The rate of EE improvement required to
achieve the target and enable feasible levels of decarbonized
1.3%yr!' reduction relative to
forecast demand-—is less than the level California achieved
during its 2000-2001 electricity crisis (22), butis h
unprecedented over a sustair

generation and electrification—
historically
1ed period. This level is,

stent with the

however, consis upper end of estimates of long-

term technical EE potential in recent studies (23, 24). In our
model, the largest share of GHG reductions from EE came
from the building sector, through a combination of efficiency

ing, and

improvements in building shell, HVAC systems, lighting
appliances. EE improvements were complemented by other
measures to reduce new energy supply re wmmcm@ for
electricity, transportation, and heating. EE in combination
with on-site distril ergy resources in the form of solar
hot water and rooftop PV reduced the

grid-g

uted en
net consumption of
upplied electricity and fuels in new residential and

v 2030 (m). Structural

in the form of “smart urban planning to
reduce driving requirements was responsib }c for 5% of total
emission reductions in 2050.

commercial buildings to zero by

conservation growth”™
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Biofuels, while essential because not all transportation can
a modest 6% contribution to the
2050 emissions reduction when €L*csdwm¢:kw were constrained

o be carbon neutral, produced inthe U.S., and limited to

be electrified, made only

(“al‘afaxmlzm consumption=weighted pmpm’{mm} share of U.S.
production (26-28): This feedstock was sufficient to provide
20% of transportation fuels'in the form of cellulosic ethanol
and algal biodiesel assuming these technologies achieve
commercialization(fig. $15). In our model, biofuel
feedstocks were dedi mwi to the m*d iction of transportation
fuels as theirhighest-valued cconomic use, and these fuels

allocated to applications for which c}mmm ation

isnota
practical option, such as long-haul freight trucking and air

travel. A small amount of biomethane was used in power

generation.
Inthe Emwm

CO, (c.g.,

forecast, 2050 emissions of non-energy
from cement manufacturing) and non-CO, GHGs
ne and nitrous oxide from agriculture and waste
treatment, and high global warming potential (GWP) gases
used as refrigerants and cleaning agents) were 145 Mt COqe,
more than the entire economy-wide target of 85 Mt COse.

(eg., mu‘.%

Compared to CO;, emissions from energy sectors, scientific
understanding of long-term mitigation potential for these
sectors is poorly developed (29-32). Ne

ertheless, it was

clear that if these emissions were nof abated, the 2050 target
modeled mitigation based on

extrapolating California’s AB32 implementation plan for

could not be met. We

2020 (73, in three broad areas. Agricultural and forestry
measures contributed 48 Mt COse of reductions, cement-
contributed 8 Mt COqe, and industrial and
other measures confributed 62 Mt COse, for a total reduction
of 116 Mt COqe below the 2050 baseline, which maintained
the current share of non-energy/non-CO;, in overall emissions.

related measures

/5

There is evidence that the three key fem
transformations identified here are broadly generalizable to
developed economies. A recent report on 80% GHG

reductions in the EU fow

enert

ad similar transformations were
required, inchudin

dings (33). In
; efficiency and generation decarbonization Emé not

g electrification of transportation and
other studies where reductions rely on

e
For example, in a recent IEA study of technology paths in
OF

'D countries as a whole,

the most aggressive scenario had
a 2050 reduction of about 50% below 1990 levels, with a 6%
contribution from electrification (34). The consistency among
these results is predictable, in that developed economies
broadly share the same challenges for reaching deep
reduction targets—the need to virtually eliminate fossil fuel
use in electricity supply and in

i vehicles and buildings.

final consumption, especially

Infrastructure deployvment and technology investment
requirve coordination. In contrast to Pacala and Socolow, we
08365
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found that achieving the infrastructure changes described
above will require major improvements in the functionality
and cost of a wide array of technologies and infrastructure
systems, including but not limited to cellulosic and algal
biofuels, CCS, on-grid energy storage, electric vehicle
batteries, smart charging, building shell and appliances,
cement manufacturing, electric industrial bmlum agriculture
and forestry practices, and source reduction/capture of high-
GWP emissions from industry (35).

Not only must these technologies and systems be
commerciall

v ready, they must also be deployed ina
coordinated fashi

hion to achieve their hoped-for emission
reduction benefits at acceptable cost. For example, switching
from fuels to electricity before the grid is substantially

decarbonized negates the emissions benefits of electrification;

large-scale deployment of electric vehicles without smart
charging will reduce utility load factors and increase
electricity costs; without aggressive energy efficiency, the
bulk requirements for decarbonized electricity would be
doubled, making achievement of 2050:gpals ihuch:more
difficult in terms of capital investmentand:siting. Figure 3D
shows the impact of aggressive EE on three key metrics of
decarbonized electricity supply: generating capacity, energ

storage, and miles of high-voltage transmission line. For the
mixed generation case, achieving the 2050 target with

baseline levels of EE raised the requirement for annual
construction of &w;m"bm‘amd generation from a very
formidable 3.7 GW y' 1o a practically unachievable 7.0 GW
vl and Ekw requirement for new transmission from 400 to
960 miles yr''.

Our model shows a net mitigation cost to California
relative to the baseline of (.5% of gross state product (GSP)
n 2020, 1.2% in 2035, and 1.3% in 2050 (565 billion or
$1200 per capita) (Fig. 4 and fig. 834). lhu transportation
sector bore the highest share of these costs, reflecting the cost
of fleet electrification. These results are highly sensitive to
both measure costs and fuel price assumptions; using the
upper value of the EIA long-term crude oil price forecast
makes net mitigation costs negative (fig. $12). Cumulative
net costs from 2010 to 2050 were $1.4 trillion. The average
1 2050 was $90/t C ‘()‘v(,:‘ while the highest
0/t COse for

electrification measures (36). Because mitigation measures

cost of carbon 11
average cost by measure type was 56
reduce fuel use by investing in energy efficient infrastructure
and low carbon generation, a much higher percentage of
energy cost will go to capital costs; our model indicates a
cumulative investment of $400-500 billion in current dollars
(figs. 835 and S836) for electricity generation capacity in the
mitigation case, a factor of about ten higher than the baseline
case (37).

The transition to an energy efficient, low-carbon,
electrified infrastructure thus requires mobilizing investment

YEPITESS | W SCIEncexpress. org
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and coordinating technology development and deployment on
a very large scale over a very long time period. How best to
achieve this is an active debate over the relative roles of

g. R&D poli
iblic investment(38). Many consider carbon

pricing the key to achm‘vmg ¢fficient investment and

markets, government, carbon pricing
regulation, and p

providing incentivesfor consumer adoption, while others
argue that carbon'pricing is insufficient, and requires
complementary policies to address market failures, public
goods,and coordination problems (/6. 39, 40). Some make
the specific
encouraging technology adoption, but not technological

e that pollution pricing is effective in

innovation {47, 42). Others are concerned that the venture
capital model is mismatched with the scale and timeline u?
investment required for an energy transformation (43} and
with the risks created by the need for mult mh Emhmmwmw to

achieve commercialization in parallel (44). These concerns
have led to calls for novel pub m,-prwatcpart erships to

address investment failures through government absorption of

private capital risk (43), and to address coordination and
sequencing through industry-government roadmapping (45).
Electricity’s role in future energy costs and climate
peolicy. The second model result deserving special attention is
the expanded role of electricity, which increases from 15% to
55% of end-use energy, essentially switching places with
s (Table 1) If
nt component of the 2050
reconomy, the cost of ducm:tm‘wcaﬁ electricity becomes
a paramount economie issue. Our results show that generation

Iy

petroleum products, which fall from 45% to 15%
electricity does become the domine

eners

mixes dominated by renewable, nuclear, and CCS
absence of cost breakthroughs, would have roughly

, i the

comparable costs, raising the present average cost of
electricity generation by a factor of about two, a result also

noted by other researchers (17). These findings indicate that

mimimizing the cost of decarbonized generation should be a

key policy objective. By some estimates, aggressive R&D

policies could reduce the cost of low-carbon %nm‘atiam in the

U.S. from 2020 to 2050 by about 40% or $1.5 trillion (I7).
For electrified transportation, the inherently higher

efficiencies of electric drive trains would still allow a net

reduction in fuel costs even with electricity prices doubled
and oil prices at $100/barrel, as well as shifting cash flows

away from foreign oil imports toward domestic purchases of
electricity. On hc other hand, electrification of direct fuel
uses will increase residential, commercial, and industrial
sector costs, especially for heating, emphasizing the need for
energy efficiency and design of new infrastructure in these
sectors to minimize life

le costs. Because much of the
required technology m{ mfrastructure for the energy-system

transformation is not vet commercialized, comparative
lifecyele costs are highly uncertain. However, because

decarbonized generation technologies are dominated by
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capital costs and insensitive to oil and natural gas price 3.1 Johnson, M. Chertow, Environ. Sci. Technol, 43, 2234
volatility, an electrified economy would have a long-term (2009).
cost stability that could lower investment risk and make the 4. F. Martinot, C. Dienst, L, Weiliang, C. Quimin, Arn. Rev,

optimal level of energy efficiency more certain (46). Even Energy Environ. 32, 2052007 )
varying measure costs from one-half to twice the nominal 5. World Resources Institute, Climare Analysis Indicarors
values in the mitigation scenario produced no more variation Tools (version 4:0and 7.0, 2010; http/eaitwriorg/).

in overall energ

7 system costs than did varying crude oil 6.

World Bank, World Development Indicators (2010

prices in the baseline scenario over the range in the EIA’s www.worldbank prefdata/wdi).

long-term forecast {fig. S12). 7. California Alr Besources Board, AB32 Scoping Plan (2008
The climate policy community has proposed a suite of wwwarbica gov/cc/scopingplan/scopingplan. him).

policies to umtp?omwm carbon pricing (e.g., EE and R} 8. CalifornizFnergy Commission, California Public Utilities

standards, R&D support) that reflect not only economic and Commission, Arnold Schwarzenegger Governor State of
technolog

goals but also sociopolitical considerations such California, “Final opinion and recommendations on
as equity, local mitiative, and adaptability (16). The central greenhouse gas regulation strategies” (CEC-100-2008-
role of electricity in our results suggests the importance of OU7-F, 2008;

electricity sector governance as a tool of climate policy, but www energy.ca.gov/ghg emissions/index.html).
this has received relatively little attention until recently (47). 9. Energy and Environmental Economics Inc., “Greenhouse
Although some argue that regulation impedes innevationiand gas modeling of California’s electricity sector to 2020:

increases zmpimm:}tgmm 4;&}&;% (43}, state-levelelectricity Jpdated results of the GHG calculator version 3b update’

2011

regulation has existing tools for purstiing many climate policy (2010; www ethree.com/public_projects/cpuc2 html). <
goals, through both market mechanismeand dircet regulation: 10. Intergovernmental Panel on Climate Change, &
requirements that utilities procure renewable generation, Himit Contribution of Working Group HI to the Fourth g
carbon intensities, and implement customer energy efficiency Assessment Report of the IPCC, B. Metz, O. R. Davidson, %
and distributed energy programs;andset rates that encourage P.R. Bosch, R. Dave, L. A. Meyer, BEds, (Cambridge %
conservation and electric vehicle ciarging, internalize Univ. Press, Cambridge, 2007). %
pollution costs, and allocate the costs of these policies 1. B. Coffey et al., Build. Res. Inform. 37, 610 (2009). ©

equitably (7, 48). Given the political challenges of achieving 12. Modeling methodology, baseline and mitigation scenario %
comprehensive federal climate legislation, it is worth further construction, technology and fuel cost assumptions, rules %?)
exploring decentralized electricity governance as a climate governing emissions counting, detailed emissions and cost %
policy mechanism. results including intermediate years, and benchmarking of e

Assuming plausible technological advances, we find that if results to historical data and other studies are further %

is possible for California to achieve deep GHG reductions by described in the supporting online material. @
2050 with little change in lifestyle (although the potential for 13, State of California, Executive Order No. §-3-05 (2005; %
lifestyle change deserves further study). The logical sequence www.climatechange.ca.gov/publications/legislation. html) c
of deployment for the main components of this 14. 8. 1. DeCanio, Economic Models of Climate Change: A o
transformation is energy efficiency first, followed by Critigue (Palgrave-Macmillan, New York, 2003). -
decarbonization of generation, followed by electrification. 15. Committee on America’s Energy Future (National %
This transformation will require electrification of most direct Academy of Sciences, National Academy of Engineering, %
uses of oil and gze,m. In California no single generation and National Research Council), dmerica’s Energy %
technology, RE, muclear, or CCS, can be used to decarbonize Future: Technology and Transformation: Summary 0O
all electricity; a mi xcd generation portfolio 1s required. If it is Editions (National Academies Press, Washington, DC,
true that the low-carbon path features electricity, then the 2009).
question is how best to mobilize investment and coordinate 16. National Research Council, Limiting the Magnitude of
R&D and infrastructure roll-out to achieve this end, and what Future Climate Change (National Academies Press,

climate policy modalities will be most effective. [f the ol Washington, DC, 2010).
economy is replaced by the electric economy, it is nstructive 17. Electric Power Research Institute, “The pawcr to t"m’imm
to consider the implications of the price of a decarbonized (O, emissions: The full thzm/ (Rep. No. 1020389,
kWh replacing the price of a barrel of oil as a benchmark for Palo Alto, {’% 2009).
the overall economy. 18. 1. Skea, P. Fkins, M. Winskel, Eds., Energy 2050

Muaking ffzc Transition to a Secure Low-Carbon Energy
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Fig. 1.
(above) Measures grouped info seven muigw
emissions from 875 Mt COse in the 2050
Mt COqe in the mitigation case. In the 2020 model results, the
wedge contributions are consistent with implementation plans
for California’s policy objectives (AB32) for 2020. (below)
Reductions by wc&gw are shown for the 2030 and 2050
mitigation cases, in Mt CO,e and as a percentage of total

Emission reduction wedges for Californ 2050,
z"wim:u
baseline case to 85

reductions. The top three contributions are from energy

efficiency (28%), electricity decarbonization (27%), and

24 November 2011/

i MR

electrification of direct fuel uses (16%). For each wedge, the
{

ypes of measures included and key assumptions are shown.

Fig. 2. The three main energy system transformations
dim " i
equired to reduce GHG emissions 80% below 1990 levels by

2050 in California. Enduse energy efficiency (EE) must be
tmpmw& very aggressivelyfanmual average rate 1.3% v 1,

*lc:e:tr%c' generation erpissions intensity must be reduced to less
than 0.02 kg.COse/kWh, and most direct fossil fuel uses in
transport butldings, and industry must switeh to electricity,
raising theeloctricity
today to 55% in 2050. Both economics and the current state
of technology development suggest a staged deployment in

share of end-use energy from 15%

large-scale infrastructural transformation. Without aggressive
levels of EE, the scale of decarbonized generation reqn
simultanecusly replace fossil plants and meet both existing
and newly electrified loads would be infeasible.

uired to

Until high
levels of electricity decarbonization are achieved, emission
benefits from electrification would be limited. Without

the other measures would limit
below 1990

electrification, constraints on

total reductions to about 50% levels.

Fig. 3. Electricity consumption, load profiles, and fuel mix in
baseline and mitigation scenarios. (A) In the mitigation case,
aggressive end-use efficiency tlattens baseline load growth.
However, electrification of transportation adds a major new
load, so that 2050 consumption is similar in both cases. (B)
Smart-charging of electric vehicles flattens the average daily
load curve, reducing capacity requirements. (C) In the 2050

/ éh natural

yeneration. Four mitigation scenarios are shown with

baseline %CC“{’&Z?{?‘M?‘, foad @{()th 18 met pr‘amm’}

different fuel mixes, constrained by California’s existing fuel

mix and policy requirements (e.g., 33% renewable portfolio
standard, continued licensing of existing nuclear generation).
The “mixed” case, which contains all three generation types,
vields the results discussed in this paper and shown i Figs. 1
to 3. (D) New capacity requirements for each generation fuel
mix are shown for generation, transmission, and energy
storage. Without aggressive EE
increase by roughly

has higher new capacity requirem

L, THEW CE’&E?E’W}EB" E'”C(fg‘il irements

y a factor of two. The high renewables case
ents than the high CCS and

high nuclear case; however, high renewables does not have

the CCS case requirements for CO, transmission and storage
capacity, nor the nuclear case requirements for upstream and

downstream nuclear fuel cycle facilities

Fig. 4. Mixed case net cost by mitigation type in 2020, 2035,
and 2050 For /%ach vear shown, the left hand column shows
incremental mitigation costs in excess of baseline costs, and
the right h;md wiaem‘n shows incremental savings relative to
baseline “Orther” mixed case costs include measure
implementation costs not associated with energy efficiency,

fuel costs.

electrification, generation decarbonization, or biofuels.

“Other” savings include jet fuel and natural gas purchases for
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direct use (e.g., heating). Net costs are $15 billion dollars in
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statewide GSP in 2020, $910 per capitaor 1.2
statewide GSP in 2035, and §
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Table 1. Primary and end use energy and emissions by sector and fi

supporting online material.

uel type in 201¢

Yand 2050:

The numerical diff
primary and end use energy is due to conversion and other losses. Sources for population and.eéonpmic data are

iy

& 1 v

LA N RS

erence between

en in the

Energy consumption (EJ) Emissions (Mt CO,e)
2010 2050 2050 2010 2050 2010 2050 2050
Baseline Tiitigation (%) Mitigation Baseline | Mitigation
(7o)
Primary energy consumpiion and emissions, by sector
Residential 1.60 2.56 0.52 18% 713 1171 5.4
Commercial 1.68 2.60 094 19% 76.9 114.5 10.0
Incuastrial 1.41 1.39 3.96 16% 67.4 67.3 6.4
Petroleum 0.81 0.82 G55 9% 46.7 47.5 5.6
Agriculture 0.34 6.52 0.21 4% 3% 16.3 27.1 1.0
Transportation 2.86 567 3.60 33% 53% 189.4 374.1 45.0
Non-¢ non-CO, GHG emissions 56.4 127.8 1.4
Total all sectors §.70 1356 6.81 160% 160% S518.4 875.4 84.8 -
Primary energy cousumption and emissious, by fuel type &
Drect fuet use %"\?;
Natural gas 273 3.40 0.38 31% 148.9 185.1 20.5 &
Gasohine 2.09 4.36 0.13 1359 283 4 8.3 %
Dhesel 0.73 1.23 0.39 8% 50.2 &4.7 26.6 %
Tet fuel 0.04 0.08 0.04 1% 33 6.0 34 %
Biomethane and biofuels 6.00 0.00 0.73 6% 0.0 0.0 6.0 &
Total direct fuel use 5.59 9.06 1.67 64% 338.3 592 58.8 12
Electric generation (primary) CO:;)
Natural gas (non-CC8) 1.45 2.90 0.01 17% 0% 72.1 0.4 g
Coal (non-CCS) 0.49 0.49 0.00 6% 0% 432 0.0 8
Fossil fuel w/ CCS 0.00 0.00 218 0% 32% 0.0 10.6 E
Nuclear 0.30 0.26 0.74 3% 1% 0.0 3.0 %_
Renewables and hydro 0.71 0.66 2.04 &% 30% 0.4 0.8 %
Other 0.16 0.18 0.16 2% 2% 8.0 2.9 g
Total electric generation 301 4.49 5.14 36% 75% 1237 188.4 14.7 g
Non-energy, non-COy GHG enussions 56.4 127.8 114 %
Total all fuel types §.70 13.56 6.81 100% 100% 518.4 875.4 84.8 L
End-use energy consumption and emissions, !n fuel type 8
Total direct fuel use ‘ 9.06 1.67 §5% 45% 3383 559.2 58.8 E
Flectricity (end-use) (1. 1.63 2.03 15% 55% 1237 188.4 14.7 8
Direct fuel use + electricity 6.57 10.69 3.76 160% 160% 462.0 747.6 734
Non-energy, non-CO, GHG enissions 56.4 127.8 14
Total end use by fuel type 6.57 10.69 3.70 100% 100% 5164 875.4 84.8
Intensity metrics
CA population (mitlions) 388 56.6 56.6
Per capita energy use rate (kW/person) 7.1 7.5 38
Per capita emissions (t COze/person) 13.3 155 1.5
Energy intensity (5/GJ) $249 8363 8762
Eeonomic emissions intensity (kg 0.239 0.169 0.016
Flectric emissions intensity (kg COqe 0.42 0.39 6.02
Scieno /www . sciencexpress.org / 24 November 2011/ Page 9/ 10.1126/science. 1208365
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INTRODUCTION

My testimony addresses and evaluates the local area need analyses performed by the California
Independent System Operator (CAISO) and San Diego Gas & Electric Company (SDG&E) in
Application 11-05-023. My testimony discusses the appropriateness of underlying reliability
criteria and assumptions used for establishing the need. In addition, my testimony explores
whether all feasible alternatives have been mvestigated and provides recommendations for next
steps in evaluation of the need.

Before discussing my comments related to SDG&E’s and CAISO’s testimony, I will summarize
my experience and qualifications.

[ began my career working for the San Diego Gas and Electric Company (SDG&E) for twenty
five years. At SDG&E, I worked in the engineering department, in grid operations, transmission
operations and planning, resource planning, power procurement and regulatory affairs. Tam
familiar with the CAISO market rules, planning procedures and operational protocols. 1 was one
of the key participants in California’s electric industry restructuring process which took place 1n
the 1995 through 1998 period. This restructuring process led to the formation of the CAISO in
1998. After leaving SDG&E, [ worked for a wind resource development company in California
for a year.

[ have performed numerous transmission and resource planning analyses during my career.
These analyses include determining the economic and operational feasibility of a 500 MW
pumped storage hydro project along with a 500 kV transmission line. Recently I performed an
analysis of the CAISO’s proposed 2010/2011 transmission plan where, based on power flow
studies, I determined that two of PG&E’s proposed 500 kV transmission lines in the San Joaquin
Valley are not needed. The CAISO consequently changed their mitial determination of “need”
in their 2010/2011 transmission plan, classified the project as “to be looked at in a future
planning cycle.” Most recently, I completed analysis of the need for generation at the location of
the existing Redondo Beach power plant for the California State Coastal Conservancy. The
existing Redondo Beach power plant uses Once Through Cooling (OTC) technology and is
subject to the State Water Resources Control Board’s requirements for the use of ocean water for
cooling. My analysis evaluated whether Local Capacity Requirements for the LA basin and the
western LA basin sub-area actually required that there be generation at the Redondo Beach
location.

[ published a paper in 2010 discussing problems with transmission planning in California funded
by UCAN. I also published an article in the Natural Gas and Electricity journal on the same
fopic.

[ am a registered Profession Electrical Engineer in CA with over 30 years of experience in the
electricity industry. I have a BS in Electrical Engineering and an MBA in Finance. My resume

is attached.

In this proceeding, CAISO provided two sets of testimony: original testimony on March 9, 2012,
and supplemental testimony on April 6, 2012, The original testimony included testimony from
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Robert Sparks discussing the Local Capacity Requirement (LCR) and from Mark Rothleder
discussing renewable integration needs. Mr. Sparks’ original and supplemental testimony
discusses both the San Diego LCR area as well as the Greater Imperial Valley-San Diego LCR
area.

The San Diego LCR area is the most limiting LCR arca. Although the Greater Imperial Valley-
San Diego LCR area has a higher LCR than the San Diego LCR area, the availability of existing
dependable generation at Imperial Valley substation means it is easier to satisfy the Greater
Imperial Valley-San Diego LCR area. The San Diego LCR area has the higher deficiency and 1s
therefore the focus of this testimony.

i

My testimony mainly addresses the ISO’s identified requirements for year 2021 since that is
higher than the previous years. If it 1s shown that there is no capacity shortfall in the year 2021,
then it can safely be assumed that there would not be any in earlier years. This assumption is
premised on applicable solutions being implemented prior to when the need arises.

In my evaluation, I have found that several aspects of the CAISO’s analysis and assumptions are
questionable and inconsistent. In particular, later in my testimony, [ demonstrate that use of
2500 MW as the limit for the South of Songs (Path44) is not appropriate. In addition, the
CAISO’s application of the Path 44 limit to the Greater Imperial Valley-San Diego LCR area,
and not to the San Diego LCR area, is inconsistent.

I. Summary and Recommendations

My testimony shows that the probabilities of the contingency events used to calculate the need 1n
San Diego are very low. Furthermore, it shows that if these contingency events did happen there
are many other mitigating options available. These options follow the commission’s loading
order, are more cconomical, are less detrimental to the environment, and allow time for other
more desirable resources to be developed. In contrast, the options recommended by the applicant
remove the incentive for other alternative resources by making a costly twenty year commitment
to fossil-fired generation. The alternatives, and their impact on the San Diego LCR area
deficiency determined by the CAISO, are shown on the table below. My testimony also points
out that the CAISO’s renewable integration requirements do not require that new flexible
generating capacity be built in the San Diego LCR area.

My testimony raises serious concerns regarding the adequacy of the CAISO’s analysis and
validity of its results.

The testimony shows that based on the CAISO’s data, SDG&E’s analysis showing an LCR
deficiency in the San Diego area is not valid. It 1s therefore recommended that the CPUC (1)
reject the applicant’s request for approval of the three contracts and, (2) ask the CAISO to study
the options listed 1n my testimony and for any options not accepted by the CAISO, provide a
reason why they should not be implemented.

N
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Table 1: Summary of Results

Traject. Env SO Base Time
Seenario Scenario Scenario Scenario
Year 2021 Local Capacity Requirement (LCR) Deficiency (MOQC MW) (MOQC MW) (WMQC MW) (MQC MW)
. . “OQTC” deficiency
Wparks” Apr , 20 . . o . o
Sparks” April 6, 2012 (San Diego ares LCR T30 (a) 360 () 639 (a) 540 (a)
Supplemental Testimony o )
deficiency)
Options Counting Toward LCR Deficiency
Firooz Testimony Retain Encina gas turbine 14 () 14 (b 14 by 14 (b
y . Extend leases for Cabrillo IT gas o o . o
Firooz Testimony corbines 173 (e) 173 {e) 73 {c) 73 {c)
Anderson Testimony Estimated NQC from Demand 219 (4 9 (dy 219(d) 219 (dy
’ Response
Anderson Testimony Uncommitted Energy Efficiency 175 (d) 175 () 175 (dy 175 (dy
Anderson Testimony Additional Demand-Side CHP 17 (d) 17(d) (d) (d)
Load drop aiiwwad for W-1-1
Firooz Testimony contingency condition 370 (e) 370 (e) 370 (e) 370 (e)
(reduces LCRY
Surplus/(Deficiency) 238 668 338 428
Orther Possible Options Counting Toward LOCR Deficiency
Remove the 2.5% margin added
Firooz Testimony tor the load 5749 x 025 = 144 144 144 144 144
MW
Phase Shifter to control loop
flow through CFE
Firooz Testimony {negates CFEs need to trip 543 (h 561 (f) 585 () 565 (f)
paraliel path into San Diego
arew)
o Adds dynamic reactive support
SDG&Es Proposal to add dds d:,y MAINC FEACLivE suppor
i ) that miti ge collapse
Synchronous Condensers o .
’ ucing LCR
Path 44 rvating obsolete
Firooy Testimony (studies show flows above 2500 o o o
HOOT L estmony MW do not result in reliability ’
standard violations)
New 500 kV transmission line
connecting San DHego area to
Firooz Testimony SCE tem (parallel to Path S00-1000 (o) SO0-1000 (o) 500-1000 (g) 500-1000 (g)
44Y; reduces San Diego area
LCR
Resources Not Taken Into
Account in CAISO™s
e Calevlations including 513 (hy 513 (hy 513 (hy 513 ()
Powers Testimony Uncommitted EE, DR, CHP, 1000 (1) 1000 (3) 1000 (i) 1000 (7)
Energy Storage, Additional
Dhistributed Generation

(a) Bottom row @i‘ first table in Robert Sparks’ Apm 6,2012
o the CAISO Board-:
the CAISO Board-ap

(by Table 2“%%
(¢) Table 2.

MW, El Cajon GT =

ipproved 201 1
yproved 201

13 '\/E W,

012 Transmission Plan,
012 Transmission Plan.
(Kearny (J F’“’) =55 MW, Kearny 3AB (Kearny GT3) = 57 MW, Miramar (ﬂ

1.7

supplemental testimony.

T;A GT 14 MW

carny GT1 =15 MW, Kearny ”7/1\][:&
17 “’\/E\‘x , Miramar GT 2
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(dy Table | of Rob Anderson’s April 27, 2012 supplemental testimony. These are overly conservative values used
to show that there 1s no need. The Testimony of Bill Powers describes why these assumptions are not
reasonable. Using the CPUC s recommended numbers from the 2010 LTPP, which are reasonable, these values
would be higher. See Bill Powers” Testimony.

(cy See note marked “** for the top row of the table in Robert Sparks™ April 6, 2012 supplemental testimony

(fy Table 4.9-4 of the CAISO Board-approved 201 1-2012 Transmission Plan

(g) Estimate based on studies conducted for the Sunrise Powerlink

(h)y According to Bill Power’s Testimony, CAISO failed to account for: 544 MW of EE, which is 369 MW more
than SDG&E, 302 MW of DR, which is 83 MW more than SDG&E, 64 MW of incremental CHP, which is 47
MW more than SDG&E, and over 14 MW of energy storage currently plarmed and much more is underway.

(i) Bill Powers also estimates that the SDG&E area will install significantly more PV in ranges up to 1000 MW of
additional PV by 2020,

IT. CAISO Testimony
A. What Is “Reliability” and How Is it Measured?

Before discussing the details of CAISO’s testimony, it 1s important to establish what “reliability”
is and how it 1s measured because “reliability” is the main justification for spending money on
and inflicting environmental damage for new infrastructure. It is inarguable that although higher
reliability margins should, in theory, lower the risk of brown-outs or black-outs, it 1s statistically
impossible to eliminate the possibility altogether. Unexpected things can always happen no
matter how much money is spent and infrastructure is developed. Mindless pursuit of greater
reliability margins is ultimately an exercise in waste and is not just and reasonable for ratepayers.
Inevitably, hard judgments must be made as to how much reliability margin is enough.

Federal regulations require that the transmission grid be planned and operated in accordance with
reliability criteria developed by the North American Electric Reliability Corporation (NERC)
and the Western Electricity Coordinating Council (WECC). These criteria generally specify that
the grid must be capable of accommodating the outage of any one ¢lement of the grid (N-1)
without loss of load and the loss of two common elements (N-2) (e.g., two circuits on the same
set of towers) without uncontrolled load loss. Local balancing authorities may impose stricter
criteria, and the CAISO has done so by implementing the requirement that the CAISO grid must
also be capable of accommodating the outage of one generator followed by the outage of a
transmission element (G-1/N-1) without loss of load or, in the current proceeding, outage of a
transmission element followed by the outage of another transmission element (N-1/N-1; also
referred to as N-1-1) without loss of load. This criterion establishes the amount of generating
capacity that the CAISO requires load serving entities in the San Diego area to place under
contract (local capacity requirements) in order to ensure that there will be enough dependable
capacity available to serve all forecast loads. These contracts impose costs on San Diego area
consumers because the import constraints that result from the application of the G-1/N-1
reliability criteria limits competition among the local generators and therefore the incentive to
negotiate lower contract prices.

What is not specifically described in these reliability criteria are the system conditions under
which the applicable contingencies are to be applied. Typically, utilities and balancing
authorities assume stressed system conditions such as one-year-in-ten peak load conditions. As
mitigation measures, these standards permit the use of pre-contingency generation redispatch,
generator dropping and, for some less likely contingency conditions (N-2 outages), controlled

4
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load drop. These operating procedures add little or no rate base and are usually the last
mitigation options to be considered by 10Us, if they are considered at all. From the CAISO’s
perspective operating procedures such as load drop are a desirable backstop to new transmission
or new in-area generation, but are not substitutes for new infrastructure even where the backstop
is equally or more reliable. For example, a load drop is more reliable than a generating unit that
may not be available at the time 1t 1s needed.

B. The Probability of the Identified Reliability Criteria Violations

While not specifically prescribed by any criteria, common practice is to apply these reliability
criteria for system conditions that are believed to be “stressed.” For planning purposes, the
CAISO typically applies its reliability criteria to system conditions that assume peak loads are at
one-year-in-ten levels, 1.e., a peak load that has a 10% probability of being exceeded in any year.
The logic for using one-year-in-ten load levels in planning studies is that mitigation for reliability
criteria violations at this load level will provide a reliability margin for more probable system
load conditions.

Whether the resulting probabilities are sensible, however, has never been seriously questioned. It
is instructive to perform some simple calculations to get a sense of how likely these events
actually are. Roughly speaking, any single transmission element has a forced outage rate of about
1% or less. A generator on average may have a forced outage rate on the order of 5%. The
probability of an overlapping G-1/N-1 event occurring in the same hour of the year is therefore
about 5% x 1% or 0.05% (0.01 x 0.05 = 0.0005). On an expected basis this amounts to a little
over 4 hours per year (8760 x .0005).

The probability of an overlapping N-1/N-1 or N-1-1 event occurring in the same hour of the year
is therefore about 1% x 1% or 0.01% (0.01 x 0.01 = 0.0001). On an expected basis this amounts
to a little over 52 minutes per year (8760 x .0001).

The CAISO, however, applies this over-lapping contingency to a peak load condition that is not
“expected;” 1.e., a peak load that, on a probabilistic basis would only be exceeded one year out of
tenr. Applying the over-lapping contingency to a peak load condition that has a one-year-in-ten
probability of occurrence, the overall probability of the simulated condition is reduced further.
To keep the calculations simple, assume that contingency-based system constraints are reached

in 200 peak load hours (20 hot days with 10 high load hours each day) in any given one-in-ten-
year heat wave. The probability of encountering a load level at which contingency-based system
constraints are reached would then be 0.228% (.1 x 200/8760) = .00228

The combined probability of a G-1/N-1 overlapping outage occurring during any one of these
peak hours would be .0005 x .00228 = .000001 or about 0.0001% in any given year. This is
equivalent to about 30 seconds 1n a year or 6 minutes in a ten year period. The combined
probability of an N-1/N-1 (N-1-1) overlapping outage occurring during any one of these peak
hours would be .0001 x .00228 = 000000228 or about 0.00002% 1n any given year. This 1s
equivalent to about 7 seconds in a year or a little more than a minute n a ten year period.
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Adding the effect of using conservatively-rated transmission lines; e.g., using ambient air
temperatures that significantly exceed the air temperature that would exist during a one-year-in-
ten peak load condition; shrinks the likelihood of actually encountering these limiting conditions
even further. Notably for this proceeding, the CAISO is using another 2.5% margin on top of the
one-year-in-ten load forecast; 1.¢., in the CAISO’s LCR analysis, forecast one-year-in-ten
forecast loads are increased by 2.5%.

Although WECC' recommends the 2.5% margin (102.5% of load) be used for category C
contingency voltage studies there 1s no mention of applying this margin on top of a one-year-in-
ten peak load condition. The one-year-in-ten peak load condition is already about 10% higher
than the highest expected peak load in any given year.

“For load area studies, the load in the area of interest should be modeled based on
the load forecast normally used for planning that area. (For the purpose of
developing an extended P-V curve, base case can be developed at less than
100%.)”

The WECC does not provide guidance as to what load forecast 1s “normally used for planning;”
this 1s a subjective determination made by planning entities such as the CAISO.

In my experience long term resource planning was done using a one-year-in-two (expected) load
forecast plus 10% adder to provide an installed capacity cushion to account for unexpected
generator outages and load forecast error at time of peak. Later, the cushion was raised to 15%
to 17%. The LCR analysis, which is based on a one-year-in-ten load forecast, is only binding for
the upcoming year. According to the CAISO tariff, longer term LCR estimates which are the
main subject of this proceeding are informational and not binding. * For example, section 40.3.1
of the CAISO tariff (Local Capacity Technical Study) states,
“On an annual basis, pursuant to the schedule set forth in the Business Practice Manual,
the CAISO will, perform, and publish on the CAISO Website the Local Capacity
Technical Study. The Local Capacity Technical Study shall identify Local Capacity
Areas, determine the minimum amount of Local Capacity Area Resources in MW that
must be available to the CAISO within each identified Local Capacity Area, and identify
the Generating Units within each identified Local Capacity Area.”

1. s Procurement for this Highly Improbable Event Just and Reasonable?

The G-1/N-1 or N-1-1 reliability criteria, which establishes the local capacity requirements for
certain load pockets—such as the San Diego area—are being applied for conditions which, for
all practical purposes, will never happen. Yet, billions of dollars are planned to be spent to
address these highly improbable study conditions. In this situation, it is important to ask how

' Guide to WECC/NERC Planning Standards 1.1): Voltage Support and Reactive Power Approved by TSS March
30, 2006; Summary of WECC Voltage Stability Assessment Methodology, July 11, 2001.
“40.3 Local Capacity Area Resource Requirements For 5Cs For LSEs
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much consumers are willing to pay to protect against an unlikely event. Is procurement for this
highly improbable event just and reasonable?

To answer this, it 1s necessary to estimate both the probability and the consequences of these
events. While probabilistic approaches to reliability have been around for many years, they are
currently not being used in short-term LCR analyses. Here, where CAISO 1s using a prediction
for the year 2021, this type of approach should be scrutinized to determine whether it 1s
appropriate. Under CAISO’s current deterministic approach to contingency analysis, every
concetvable N-1, G-1/N-1 and N-1-1 overload must be mitigated regardless of its probability,
consequence, and cost. If probabilistic contingency analysis were adopted, proponents of new
infrastructure would need to provide, not only the contingency condition that creates the
overload, but also an estimate of the probability with which the contingency will occur and an
assessment of what the consequences of the contingency condition will be to electric grid users.
With this information, an informed decision could be made as to whether the costs of the
proposed project, or the costs of any feasible alternatives, would be offset by the consequences

of the overload given its likelihood of occurrence.
C. Comparison of CAISO’s and WECC/NERC’s Qutage Criteria
1. Is CAISO’s Reliability Criteria More Stringent for the Same Contingencies?

Yes. NERC and WECC reliability criteria permit load drop for G-1/N-1 outages and for N-1-1
outages, the CAISO does not. CAISO reliability standards specifically preclude load drop as
mitigation for G-1/N-1 contingencies. CAISO witness Sparks indicates that the CAISO has
determined it would not be “prudent” to rely on load drop in the San Diego area as mitigation for
N-1-1 contingencies.

The CAISO’s more stringent reliability criteria could cost consumers billions of dollars in
contract costs -- the cost of new generation to meet LCRs with effectively no measurable
increase in grid reliability. As a general matter, it does not make sense for California to have
more stringent reliability criteria than the rest of WECC. This increases costs and puts load
serving entities within the CAISO balancing authority at competitive disadvantage to other
balancing authorities, both inside and outside of California. If there are special circumstances
where more stringent reliability criteria may be required, those need to be brought up on an
exceptional basis and justified rather than being the rule. Changing the CAISO’s existing
reliability criteria to match that of NERC/WECC would only require action by the CAISO.
Approvals from WECC, NERC or FERC do not appear to be necessary.

2. Does the Use of Probability Lower Reliability in California?

Not approving procurement for highly improbably contingency criteria would not lower
reliability in California at any reasonably measurable level. The CAISO would still meet all
applicable NERC and WECC reliability requirements and would be on par with the reliability
standards of all other balancing authority arcas. Where a project sponsor or regulatory authority
believes existing NERC or WECC reliability criteria are not adequate, or that the assumptions
and/or methodology for implementing those criteria are not sufficiently conservative to address

7
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the contingency event of concern, the project sponsor or regulatory authority should be required
to:

1. Assess the probabilities associated with the contingency based on ten years of
relevant historical outage data.

2. Identify the consequences of the contingency event (e.g., amount and duration of
uncontrolled load loss, economic impacts of such load loss, public safety
concerns).

3. Provide a justification for applying more conservative reliability criteria than

required by WECC and NERC.

3. Does Considering the Probability of the Outage Result in Lower Reliability?

No, since to be true it has to be assumed that all contingencies are equally inconvenient and
harmful for consumers. The reality 1s that different contingencies have significantly different
consequences. A probability-based reliability approach would result 1n higher consumer and
environmental welfare than the current deterministic criteria since (1) capital would be spent on
contingencies where the combination of probability and consequence would otherwise provide
the worst outcome for consumers, and (i1) capital would not be spent on contingency events that
result in minor consumer inconvenience.

III.  Other Solutions and Options for Meeting the Capacity Need
A. Load Drop and its Ramifications
1. Does CAISO allow load drop as a mitigating solution?

Question 15 of CEJA’s Second Set of Data Requests to the CAISO asked the following:

“Does NERC, WECC, and/or CAISO reliability criteria prevent the use of controlled load
drop for an N"1"1 transmission contingency? If so, where is this criteria documented? If
not, what threshold does the CAISO use to determine when controlled load drop is
acceptable mitigation and when it is not? Are there any limits on the amount of controlled
load drop which 1s acceptable?”

The CAISO responded:

“The ISO 1s required by NERC TPL 003 to plan its network so that it can be operated to
supply projected customer demands for N"1"1 events regardless of their probability.
NERC Transmission Planning Standards allow the use of controlled load drop depending
on system design and expected system impacts. However, with all generation available at
full capacity, the ISO would operate this generation to avoid the need to shed load for the
Sunrise/IV"Miguel overlapping outage event. For the San Diego area, the ISO does not
consider it acceptable to rely on load shedding to mitigate the category C outage of N"1"1
because there is no suitable Special Protection System designed or in place at this time.
Further, the ISO decision to plan its system to operate available generation to ensure

8

SB GT&S 0718326



ffiffl -l — o

stable operation of the system following the loss of Sunrise and IV'"Miguel without
reliance on an Special Protection Scheme is to minimize the risk of cascading outages
due to disturbances on the grid and unreliable system conditions such as those that have
occurred too frequently in recent years in the San Diego area. Load shedding would be
utilized to address scenarios with reductions in resource availability due to generation
outages that occurred prior to, during or after a Sunrise/IV"Miguel overlapping outage
event.”

2. Is the CAISO’s reason for not allowing load drop in the San Diego area
reasonable?

No. First the CAISO’s 1nitial statement above 1s not correct. As stated earlier, the NERC and
WECC do allow the use of controlled load drop—with appropriate levels of triggering
redundancy and review by potentially affected neighboring balancing authorities—under the G-
I/N-1 and N-1-1 outage conditions.

Second, based on the reports published by the CAISO and FERC on recent San Diego area
outages (April 1, 2010 and Sept 8, 2011), the outages were caused by either operator error”
and/or by a lack of visibility and coordination among Balancing authorities.

As mentioned earlier, although higher reliability margins should, in theory, lower the risk of
brown-outs or black-outs, it 1s statistically impossible to eliminate this possibility altogether. A
better and far more efficient use of capital would be to prevent errors by improved training, and
by improved coordination and communication among balancing authorities. In contrast, building
in higher reliability margins through new infrastructure imposes tremendous costs on consumers
and the environment. This consumes capital that could otherwise be efficiently deployed to
reduce California energy prices, thereby reducing cost of products and putting more money in
consumers’ pockets. More money in consumers’ pockets translates into more job creation within
California. Efficient use of capital results in a net gain in employment; inefficient use of capital
has the opposite effect.

B. Incorrect Retirement Assumptions

1. Do you agree with the CAISO’s and SDG&E’s retirement assumptions for
the Cabrillo I generating resources?

. ! tha g al b
* See FERC/NERC April 27, 2012 Report on September 8, 2011 Outage, https://www.ferc.gov/legal/staff-
reports/04-27-2012-ferc-nerc-report.pdf. FERC/NERC’s report found that the outage was due to transmission
operator and a balancing authority error, lack of visibility and lack of coordination. Based on the facts of this
outage, the most sensible and cost-effective solution is to improve operator training, enhance inter-balancing
authority coordination and provide for greater electric system visibility; not to build more generation and/or
transmission infrastructure.
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No. The Cabrillo II generating resources are comprised of inland gas turbines. They are not
Once-Through-Cooling (OTC) units and therefore are not subject to the State Water Resources
Control Board (SWRCB) policy on the use of OTC technology. Accordingly, they are not
subject to any mandatory retirement or retrofit requirements.  Mr. Anderson’s testimony
explains the component of the line in his table called “Other Retirements™:

“This line includes the retirement of the existing 35 MW unit at the Wellhead

Escondido site in 2012 and the retirement of 188 MW of existing peakers at the

end of 2013 when their land leases end. The MW are older combustion turbines

that were built in the early 1970°s. They have heat rates of approximately 16,000

BTU/kwhr and limited operating hours.”
The fact that these units are relatively “old” and comparatively inefficient does not require their
retirement. SDG&E’s response to question 10 of CEJA data request #3 suggests that the
assumed retirement of these units is driven by SDG&E’s own decision to not renew the land
leases for the physical locations of these units. The expiration of the land leases does not mean
that the leases cannot, or should not, be renewed; and SDG&E has provided no economic or
legal justification for refusing to renew these leases. The Cabrillo IT units are existing resources
that are rarely operated and therefore contribute little to air emissions, yet provide 188 MW of
Resource Adequacy counting rights. In addition, these resources are “flexible” in that they can
be started quickly and respond to CAISO dispatch instructions. SDG&E has not explained why
extending the lease for these resources would not be a far more economical way of providing
generating capacity in the San Diego area than SDG&E’s proposal to construct entirely new
Product 2 resources. This question is particularly relevant since, as was pointed out earlier in
this testimony, the locational need 1s for capacity in anticipation of a very low probability event;
not for energy. Therefore, we should expect these units to run rarely and for very short
durations. For this reason the units’ inefficient heat rates should not be a major concern.
Similarly, the existing Encina gas turbine (14 MW) and the existing Wellhead Escondido gas
turbine (35 MW) are not OTC units and no reason has been provided as to why they have to be
retired.

C. Dynamic Reactive Support

SDG&E submitted four projects in the CAISO’s 2011 — 2012 Transmission Planning Process
(TPP) to nstall synchronous condensers at the Mission, Penaquitos, Sycamore Canyon and
Talega 230 kV substantions. Each of these projects proposed to install +/- 240 MVar of dynamic
reactive support at the respective substations to address the anticipated need for reactive sources
in the area. The CAISO stated in the ISO Board-approved 2011/2012 transmission plan that:

“The reliability assessment performed by the ISO did not identify any issues that
can be mitigated by these upgrades. These upgrades can solve an expected issue
of reactive source-sink availability if and when the Encina plant retires .....Hence,
the ISO has identified these projects as potential solutions for voltage stability.
The need will be evaluated in future planning cycles as the generation retirement
issue gathers some clarity.”

10
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Question 14 of CEJA’s Second Set of Data Requests to CAISO asked:

“Has the ISO modeled these projects to determine if they could resolve the
voltage stability problem indicated as the limit by the ISO in the LCR analysis
described in Mr. Sparks” April 6, 2012 testimony? If not, does the ISO have a
plan to do this analysis? If so when? If not, when?”

The CAISO’s response was as follows:

“Under these assumptions, the San Diego tmport limit is approximately 3,850 MW to
3,700 MW but approximately 700 MV Ar of reactive support would be needed at the
Sycamore, Talega and Mission 230 kV substations to mitigate unacceptable voltage
deviations under applicable planning contingencies.”

Question 11 of CEJA Second Set of Data Requests to SDG&E asked:

“On page 206 of the 2011-2012 Transmission Plan, CAISO states that SDG&E
submitted four projects to install synchronous condensers at four substations.
Please explain the cost and purpose of these condensers and why SDG&E

proposed them.”
SDG&E responded as follows:

“SDG&E proposed four 230 kV-connected synchronous condenser installations
(three preferred locations at Mission, Penasquitos, and Talega substations and one
alternate location at Sycamore Canyon substation) as a part of the 2011/2012
CAISO Transmission Planning Process. ... The approximate cost for each
installation is $65 million to $85 million, depending on location.”

It appears that the possible need for reactive support was originally observed by SDG&E. The
CAISO’s 2011/2012 Transmission Planning study then showed that these reactive supply
sources can “mitigate unacceptable voltage deviations” under the planning contingencies. It
therefore seems prudent to study the addition of these reactive support devices in lieu of the
proposed gas turbines to determine if the LCR need can be reduced or eliminated. The costs of
all three synchronous condensers (about $200 million in capital costs which equates to annual
levelized revenue requirement of about $40 million/year for twenty years or about 552.6 million’
present value for 60 years®) is lower than the estimated lower range cost of 450 MW of proxy gas
turbines at $200 kW-yr for twenty years with present value of about $1.2 billion for 60 years.”

5 . g«

7 See work papers in Appendix A

° 60 year is chosen for comparison later on with a transmission line which has 60 year life

" This estimate is conservatively in the lower end of the proxy-gas turbine cost range given by the CEC.

1"
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D. Additional Import Through CFE

Table 4.9-4 in the CAISO Board-approved 2011-2012 Transmission Plan shows imports into the
San Diego area as determined by the CAISO’s policy-driven need assessment for the San Diego
area in year 2021. According to the accompanying discussion in the 2011-2012 Transmission
Plan, the worst contingency 1s the G-1/N-1 outage of the Otay Mesa combined cycle plant
followed by the outage of the 500 kV ECO-Miguel line. Figure 4.9-2 shows that for this
contingency, the 230 kV loop through the Comision Federal de Electricidad (CFE) balancing
authority—which is parallel to the Imperial Valley-ECO-Miguel and Imperial Valley-Suncrest-
Sycamore Canyon lines—remains intact. Table 4.9-4 indicates that this loop delivers between
543 MW and 585 MW of power (depending on the renewable resource scenario) into the San
Diego area.

This analysis highlights the significance of the CFE loop in maximizing the amount of imports
into the San Diego area under contingency conditions. If, in the event of contingencies on the
500 kV lines between Imperial Valley substation and the San Dicgo area, CFE’s Special
Protection Scheme does not operate to open the U.S.-Mexico tie between Imperial Valley and La
Rosita substations and the U.S.-Mexico tie between Tijuana and Otay Mesa substations, an
additional path into the San Diego area is available to support post-contingency imports.
According to the CAISO’s analysis, this path can carry a significant amount of power. Hence, it
is worth considering measures that could negate the need for CFE to operate its Special

Protection Scheme to protect its facilities from post-contingency loop flows.

One option that can be used to control flows on the CFE loop, 1s the installation of phase shifting
transformers. The phase shifters could be nstalled on the U.S. side of the border and operated so
as to limit post-contingency loop flow through the CFE system to levels that would not require
CFE to operate its Special Protection Scheme. Assuming the costs of phase shifting transformers
are in the $50 million range, assuming the CFE loop accommodates post-contingency imports
into the San Diego arca of about 500 MW, and assuming this import translates into a megawatt-
for-megawatt reduction in San Diego area LCR, the option of installing phase shifting
transformers may be far more economical and much less environmentally disruptive than
SDG&E’s proposed Product 2 generating resources.

E. Transmission Options

1. Have all other alternatives to the PPTA for meeting San Diego LCRs been examined
by either SDG&E or CAISO?®

No. One of the alternatives not considered is the Talega-Escondido/Valley-Serrano Interconnect
Project’ (TE-VS proposed transmission line). This proposed transmission project is currently in
the CPUC’s CPCN process. Although CEJA does not support this transmission line at this point
in time, CEJA nevertheless acknowledges that this 500/230 kV transmission project would

® The TE-VS Interconmect Project is sometimes associated with the Lake Elsinore Advanced Pumped Storage
(LEAPS) project.
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connect the Edison 500 kV system (Valley — Serrano) to SDG&E’s 230 system (Talega-
Escondido)—roughly parallel to the south of SONGS path—and could potentially reduce LCRs
in the San Diego area.

In his original testimony filed March 9, 2012, Mr. Sparks responded to the following question:

“Are there any feasible transmission mitigation solutions that can meet the 650
MW to 950 MW need?”

“As described above, the constraint driving these needs 1s the transmission system
limitations between the SCE and SDG&E systems south of SONGS. During
studies of the Sunrise Powerlink, the ISO studied transmission options to increase
the transmission capability between these two systems in order to further reduce
local generation needs in San Diego. However, the scope of the upgrades needed
to meet a 650 MW to 950 MW need was essentially a new 500 kV line connecting
the SDG&E system to the SCE system.”

Mr. Sparks’ testimony seems to indicate that the CAISO believes new transmission between SCE
and SDG&E—such as the TE/VS Interconnect Project—could meet a LCR deficiency in the
SDG&E LCR area of 650 MW to 950 MW. Our preliminary rough estimate of the annual
levelized carrying charge for a $700 million transmission investment would be $105 million per
year ($700 x .15) for 58 years.'® It is assumed that the capacity charges paid by customers in a
CPUC-authorized PPA will cover the fixed costs of the new generation that will built as part of
the PPA. The CEC’s estimate of fixed costs associated with new peaking gas turbines 1s 200-
$300/kW-yr."" Using this proxy, the levelized annual carrying charges for 450 MW of gas
million, 450,000 x 300 = $135 million) for 20 years. This value ignores any cost of
transmission network upgrade that may be required to allow full deliverability of the energy from
these gas turbines to the load. Considering the much longer life of the transmission line (58
years), the effective cost for the gas turbines is going to be higher since the proposed contracts
are only for 20 years; the gas turbines would have to be replaced twice; one contract in year 21
and another in year 41.

In addition, since the thermal rating of the TE-VS line is definitely over 1000 MW, it is possible
that simultancous imports into the San Diego area would increase by over 1000 MW under the
same N-1-1 contingency condition considered in this proceeding. The addition of the TE/VS
Interconnect Project might therefore provide more than twice the capacity benefit of the 450 MW
of proposed PPAs. It would appear that a transmission alternative could be less costly than the
PPAs proposed by SDG&E."

' An annual levelized carrying charge factor of 15% is a rule of thumb for a 60 year transmission project with an
authorized rate of return of about 8.5%.
"' See Comparative Costs of California Central Station Electricity Generation, California Energy Commission 200~

2009-017, available at http://www energy.ca.gov/2009publications/CEC-200-2009-01 7/CEC-200-2009-G17-
S PDF,
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Note that there are other ISO approved reliability upgrade projects such as “Southern Orange
County Reliability Project” proposed by SDG&E and approved by the CAISO in their

010/2011 Transmission Plan last year but may not have met the CAISO’s regulatory approval
criteria for inclusion into the study model. Once this project or similar projects in the ISO
interconnection process are approved it is expected that the reliability concerns identified will
IMprove.

IV. Is There a Renewable Integration Need for New Capacity Inside the San Diego
Area?

No. According to CAISO’s response to question 6 of CEJA’s First Set of Data Requests, it is
clear that no locational need has been established for flexible resources. Specifically, CEJA
asked the CAISO:

“Is any portion of the CAISO’s overall renewable integration resource need
identified in Mr. Rothleder’s testimony required to be h"mmu the San Diego LCR
arca? If yes, please explain why and indicate the amount.”

The CAISO responded:

“The ISO’s renewable integration studies have not focused on precise locational
needs to date. The process for determining the need for renewable integration
needs within LCR areas is to first identify the local capacity needs following
traditional local capacity technical study methodologies, and assume that these
needs are met by flexible generation. Then, renewable integration studies would
be performed to determine if additional flexible generation is needed beyond the
local capacity needs met by flexible generation.”

To cover any possible system-wide flexibility need to integrate renewable resources , ammdnm
to the CAISO’s Dec 8, 2011 presentation on the CAISO’s 2011/2012 Transmission mcw , 4853
MW of new flexible conventional generation is already scheduled to come on line prior Tw year
20211

V. CAISO’s Analysis and Data

1. Is testimony provided by the CAISO in this proceeding adequate to justify their
recommendation that the three PPTAs and/or the Encina repower be approved?

No. In its testimony, the CAISO has provided the end results of three series of complex analyses
without discussing or providing much of the underlying data. One result 1s the determination of

(4

the minimum dependable generation needed within the San Diego area (the Local Capacity

Y http//www caiso.com/Documents/Presentation%20-%2020112012_TransmissionPlanningProcessDec8 2011 pdf,
shide 7

" This is pointed out to illustrate the number of sources that the utilities are planning to construct in California.
CEJA does not beligve that many of these facilities arc necessary.
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Requirement or “LCR”) to avoid any reliability standard violation based on a set criteria that
identifies maximum imports assuming the worst contingency (outage) scenario under an extreme
weather condition. The second deficiency 1s failure to perform or include a resource analysis to
determine 1if the sum of existing and planned resources including Energy Efficiency (EE),
Demand Response (DR), Combined Heat and Power (CHP) and Distributed Generation (DG) 1s
adequate to meet the identified need. The third deficiency 1s a failure to determine the best
solution for meeting the asserted LCR deficiency.

The amount of data and information presented, including the answers provided to data requests
during discovery, is grossly inadequate relative to the cost and the duration of the commitment
that customers and the environment will have to make if the three PPTAs and/or the Encina
repower project are built. The present value of the fixed costs associated with 450 MW of
generic gas turbines is over $1.2 to §1.8 billion based on the CEC’s estimate of the annual
levelized fixed carrying costs associated with new peaking gas turbines ($200-$300/kW-yr)."””
Considering the magnitude and duration of the economic and environmental commitments that
are at stake, a more comprehensive set of data 1s required for the Commission and interveners to
determine and verify the reasonableness of the CAISO’s analysis, underlying assumptions and
conclusions.

The only data presented in Mr. Sparks’ fmmmmy are the LCRs for the San Diego area and the
associated “OTC” shortfall for the four RPS scenarios considered. As backup, the CAISO
testimony references several different technical analyses performed outside this proceeding.
However, there are no specific references to any tables or pages in these long and mvolved
analyses. This should be found unacceptable because the set of underlying assumptions are not

available for scrutiny in this proceeding; neither are they adequately described in the referenced
technical analysis

Despite FERC order 1000’s recommendation to facilitate the broader participation of
stakeholders, and unlike CPUC proceedings, CAISO stakcholder processes do not have an
intervener compensation mechanism. As such, stakeholder discussions are dominated by the
10Us and generation developers; these entities have no incentive to objectively question CAISO
input assumptions and or results.

2. Are there inconsistencies in the CAISO’s data that makes you believe that the
CAISO’s analyses need further scrutiny?

Yes. The CAISO has failed to provide adequate data in this proceeding to demonstrate that any
of the three sets of analyses have been performed properly, and has failed to explain observed
inconsistencies. The CAISO’s results show inconsistencies between the years as well as between
the different contingencies and 5cmdrmt‘~; For example, it was observed that the 2013 and 2021
LCR results provided in the April 6, 2012 supplemental testimony of Robert Sparks are

1 See Comparative Costs of California Central Station Electricity Generation, California Energy Commission 200-
2009-017, available at http://www .energy.ca.gov/2009publications/CEC-200-2009-01 7/CEC-200-2009-G1 7~
SDPDF,
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inconsistent.'® These inconsistencies were pointed out to the CAISO during the April 17, 2012
workshop and during the discovery period (question No. 16 of CEJA’s second set of data
requests).

Specifically, it was observed that compared to the 2021 LCR case, the 2013 LCR case has an
additional 1100 MW of flexible generation available (mainly the Encina plant), and about 537
MW of lower load (5749 MW in 2021 versus 5212 MW in 2013)."” Nevertheless, the CAISO’s
2013 case still shows voltage collapse for the same contingencies taken in the 2021 case. This is
especially troubling, since according to the LCR table in Mr. Sparks’ testimony, 300 MW to 700
MW of additional “OTC” generation could mitigate the voltage collapse problem in the 2021
case yet the additional 1100 MW of generation in 2013 and lower loads (compared to 2021) does
not solve the claimed voltage problem in 2013,

- - . . . 19 . .
The CAISO provided the following answer'® to the above inconsistency:

“There are major differences between the 2013 and 2021 base case models. The
largest difference 1s the addition of approximately 20,000 MW of installed
rencwable generation capacity. With this generation producing withfin] San
Diego, and all around the San Diego area, the usage of the transmission system
changes substantially. These differences explain the difference in system
performance between the 2013 and 2021 base case models.”

The above answer does not provide a reasonable explanation for the inconsistency described
above. The addition of 20,000 MW of renewable generation in 2021 compared to 2013 does not
explain why there 1s voltage collapse in 2013. The output from 20,000 MW of renewables
outside the San Diego area in year 2021 simply replaces the type of imports flowing into the San
Diego area, not the amount. It would be expected that with higher in-area generation resources
and lower loads in 2013 (compared to 2021), there should be no problem in avoiding a voltage
collapse condition. The 1100 MW of additional flexible generation in 2013 should result in
lower overall generation dispatch within the San Diego area, thereby providing greater dynamic
reactive capability in the San Diego area to mitigate voltage problems in the 2013 case relative to
2021. Neither does the lack of 42 MW of DG within the San Diego area in the 2013 case explain
why voltage collapse occurs at the comparatively low levels of imports into the San Diego area.

Without any explanation, it can only be concluded that there 1s a problem with the CAISO’s
power flow cases; the results of these cases cannot be trusted.

3. Were other unexplained discrepancies observed?

Yes. Another discrepancy observed and questioned involves the comparison of two different
contingencies for the same year for each of the four RPS scenarios. The G-1/N-2 and N-1-1

2021 LCR results are shown on page 3 and 2013 results are shown on page 5 of Mr. Sparks’s April 6, 2012
supplemental testimony.

‘7 CAISO Response to Reqeust No. DRA-CAISO-04 Part c.

'* CAISO Response to Request No 16 of CEJA’s Second Set of Data Requests.
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contingencies shown in the table on page 3 of Mr. Sparks’ April 6, 2012 supplemental testimony
are basically the same except for the G-1 (the outage of the Otay Mesa combined cycle plant).
This is because the same two lines (ECO-Miguel and Imperial Valley-Suncrest) are considered
out in both contingency scenarios and once the second line 1s tripped (either simultaneous with,
or after, the first line ) the cases are basically identical: the end-state transmission configuration
is the same, and available generation in both cases 1s maxed out since, according to the ISO, both
cases show a generation shortage. Therefore, the only difference between the two cases after the
outages 1s the availability or unavailability of the Otay Mesa combined cycle plant. However, in
one case (the G-1/N-2 contingency), the ISO results show that there 1s no voltage collapse as the
voltage collapse is mitigated by dropping 370 MW of load.” But in the second case (the N-1-1
contingency), voltage collapse still occurs even though there 1s an additional 604 MW of
generation available compared to the G-1/N-2 case (i.e., we should expect to see voltage collapse
in the case with the lower generation and not the other way around).

For the “ISO base” RPS scenario, the CAISO’s results show that in the case without the Otay
Mesa combined cycle generation (the G-1/N-2 contingency case) 604 MW of additional
generation is needed to solve the reliability concern once the two lines are out. However, for the
same “ISO base” RPS scenario with 604 MW of Otay Mesa combined cycle generating capacity
available, almost the same (630) MW of additional generation is needed to resolve the reliability
concern after the same two lines are out. If 370 MW of load drop can achieve a solution in the
first case, why doesn’t the addition of 604 MW of generation in the second case also achieve
stability?

- ] 220 . . . . .
The ISO’s “response”™ to this discrepancy does not explain this inconsistency:

“The study results provided by the ISO m its testimony include the N-1-1 outage with
Otay Mesa, and indicates that this outage results in adequate system stability
performance.”

We suggest that until these discrepancies are resolved or explained, it is not prudent to commit to
the large magnitude and long duration investments that are the subject of this proceeding. Due
the limited resources of CEJA and the limited time in this proceeding, we were not able to
evaluate the power flow cases in detail. CEJA recommends that, at the very least, the CPUC
does detailed analysis of the cases before relying on these studies due the number of
discrepancies described earlier.

Notwithstanding the above, our analysis shows that even assuming the CAISO’s LCR analysis is
correct there are better ways to meet this requirement than the IOUs” and ISO’s business-as-
usual approach of building more fossil fueled power plants. These better ways follow the CPUC
loading order, are most cost effective, and are environmentally superior to the proposed peakers.
These solutions will allow development of additional EE, DR, renewable and nonrenewable CHP
and renewable and non-renewable DG.

' According to Mr. Sparks” April 6, 2012 supplemental testimony, “load curtailment of approximately 370 MW was
simulated to achieve stability under G-1/N-2 contingency.”
** CAISO Response to Request 17 of CEJA’s Second Set of Data Requests.
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VI. SDG&E’s Testimony: Does It Appropriately Establish the Capacity Need?

1. Is the 3500 MW import assumption made by SDG&E in its LCR analysis a
realistic import limit into the San Diego area with the Southwest Powerlink
and/or Sunrise Powerlink out of service?

Mr. Sparks® April 6, 2012 supplemental testimony and the table provided by the CAISO 1n
response to question 12(a) of DRA’s Second Set of Data Requests to SDG&E*' show the
forecast load and the LCR with segments of the Southwest Powerlink and Sunrise Powerlink out
of service under the four different RPS scenarios. The CAISO load assumptions and LCR
results are summarized in the table below. Accordingly, as shown in the table, subtracting
LCRs from the forecast load implies between 3230 MW and 3369 MW of imports into the San
Diego area depending on the RPS scenario.

ISO
Load | Trajectory Envir. Base Time
2021 MW MW MW MW MW
I in 10 Load 5749 5749 5749 5749 5749
tin 10 Load +2.5% 5893 5893 5893 5893 5893
-1 LCR 2646 2524 2663 2553
Import = Load - LCR 3247 3369 3230 3340

According to the CAISO, following the outage of a segment of the Southwest Powerlink and a
segment of the Sunrise Powerlink, a CFE-controlled Special Protection Scheme (SPS) would trip
the path from CFE into the San Diego area.”> This means that between 3230 MW and 3369 MW
of imports wamﬂd flow into the San Diego area through the remaining south of SONGS lines
(Path 44). This conclusion is further reinforced based on the CAISO’s assumption in its
testimony™ that the SONGS separation scheme is going to be removed such that more than 8000
Amps (3187 MW)** could flow on Path 44 after the outage of one segment of the Southwest
Powerlink and one segment of the Sunrise Powerlink.

Further evidence that more than 2500 MW can, and does, reliably flow over Path 44 can be seen
in the information provided by the CPUC™ during, and just prior to, the San Diego outage of
September 8, 2011. Immediately following the outage of the Hassayamp-North Gila over 3000
MW of power was flowing on Path 44 with only cautionary concern flagged.

! A second set of data requests show the LCR identified by the CAISO for 2021 under N-1-1 contingency
conditions.
** See the discussion regarding allowing flow through the CFE balancing authority area under contingency
mmhtmm

"Mr. Sparks” April 6, 2012 Supplemental Testimony at page 4. “this assumed the 8000 Amp limit due to the
SONGS separation scheme is removed from being a bmmm constraint.”

‘{ ATS0 Response to Request 2 of CEJA First Set of Data ngtmm

~ CPUC briefing called “CPUC briefing _Sept 8 2011 SDGE blackout (s).pdf”.

18

SB GT&S 0718336



2. How does SDG&E establish a need for the PPA capacity?

Based on the assumptions provided in Mr. Anderson’s testimony (load and resource table shown
on page RA-5), the transmission capability into San Diego area 1s 3500 MW. According to this

table, Mr. Anderson has calculated that there would be a capacity “Need” in San Diego starting

with 488 MW in year 2018 and increasing to 721 MW in 2021.

The major assumptions in the table are a higher one-year-in-ten load forecast from the CEC staff,
existing and proposed resource assumptions, and the “Transmission Capability” which Mr.
Anderson explains below came from Mr. Strack’s testimony:

“The San Diego-area need calculation determines how much additional
generation capacity must be obtained to meet grid planning criteria under N-1/G-1
conditions. This criterion is explained in the testimony of SDG&E Witness
Strack.”

3. Is the import limit of 3500 MW assumed by SDG&E correct?
According to the Mr. Strack’s testimony of April 27, 2012, page JS-8:

“Studies conducted by SDG&E 1n connection with the Sunrise Powerlink
proceeding indicate that aggregate imports into the San Diego area with the Otay
Mesa combined cycle plant out of service can be at least 3,500 MW and 1t would
still be possible to readjust the system and survive the subsequent outage of the
500 kV Imperial Valley-Miguel line. (A 3,500 MW simultaneous import level
represents a 1000 MW increase above the 2,500 MW limit that exists prior to the
energization of the Sunrise Powerlink.) Mr. Anderson’s testimony indicates that
this level of imports translates into a San Diego area LCR of 3,026 MW.”

However, as is explained above, the 2500 MW import limit is no longer valid. According to the
CAISO’s analysis, a minimum of 3230 MW of imports is possible in 2021 with the outage of a
portion of the Southwest Powerlink and the 500 kV Imperial Valley-Suncrest line (Sunrise).
According to Mr. Strack’s testimony the addition of Sunrise in 2013 will add a 1000 MW to the
existing simultaneous import limit of 2500 MW. Given the CAISO’s numbers, the simultaneous
import limit into San Diego area should also go up by 1000 MW with Sunrise in service.
Accordingly, the new import limit should be 4230 MW (3230 MW +1000 MW). This would be
about 730 MW higher than the 3500 MW limit shown on Mr. Anderson’s table.

4. Is SDG&E’s analysis and the conclusions shown in Mr. Anderson’s testimony
still valid given a higher rating for the south of SONGS path as discussed above?

No. Assuming all the other assumptions in Mr. Anderson’s table are correct (which Bill
Power’s testimony refutes ), the 3500 MW transmission limit should be increased from 3500
MW to 4230 MW or a 730 MW increase in years 2013 through 2021. Increasing the
transmission capability number in Mr. Anderson’s table by 730 MW (4230 MW — 3500 MW),
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the “Capacity (Need) Surplus” numbers shown at the bottom of Mr. Anderson’s table would all
change to surpluses through 2021 with the SDG&E’s assumed loads and resources. The new
numbers are shown in the table below:

MW 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

SDG&E
Capacity
(Need) Surplus | 1025 473 401 320 233 | (488) | (569 | (647)| (721)
Increased

Import limit

(4230 - 3500) 730 730 730 730 730 730 730 730 730
SDG&E
Capacity
(Need) Surplus 1755 1203 1131 1050 963 2472 161 83 9

Accordingly SDG&E’s conclusion that “SDG&E has found a need for a substantial amount of
new generation, a portion of which can be provided via these PPTAs™° is not valid.

4. Re rating of path 44

As 1s discussed elsewhere there is strong evidence that the flows over Path 44 have and can
exceed 2500 MW when one segment of the Southwest Powerlink 1s out of service. As shown
earlier, based on the CAISO’s supplemental testimony, flows as high as 3200 MW can be
accommodated over path 44. Consider Mr. Sparks’ original testimony:

“The most limiting contingency n the San Diego area is described by the outage
of the 500 kV Sunrise Powerlink and Southwest Powerlink (SWPL) overlapping
with an outage of the Otay Mesa combined-cycle power plant (603 MW). The
limiting constraint for this contingency is the South of SONGS Separation
Scheme. The ISO is working with the PTOs to mvestigate modifying this scheme
and reducing the LCR needs by up to approximately 300 MW.”

Mr. Sparks’ testimony indicates that once the separation scheme 1s removed, flows on path 44
could increase by 300 MW over the separation scheme limit of 3187 MW. Accordingly flows as
high as 3487 MW (3187 MW + 300 MW) over Path 44 may be possible under contingency

conditions provided any voltage problems are resolved.

It is recommended that a path flow study be conducted to establish more realistic and workable
limits on the south of SONGS path (Path 44). The current limits were established by WECC
more than 20 years ago, are now obsolete, and probably do more harm than good. Another
reason why this path needs to be studied and rerated as soon as possible — before committing
billions of dollars of consumers money and imposing environmental costs based on ancient

“® Prepared Supplemental Testimony of Robert Anderson on Behalf of San Diego Gas & Electric Company, A.11-
05023, at p. RA-2 (April 27, 2012).
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limits — is that SCE has proposed a transmission upgrade project in the Ellis substation area.”’
The original path flow studies identified transmission in the Ellis substation as the limiting
clement that established the Path 44 ratings. According to the CAISO’s response to question 87
of CEJA data request # 1, the CAISO has approved SCE’s proposed upgrades in the Ellis
substation area with an in service data of 2013,

CONCLUSION

Since applying the CAISO numbers to the SDG&E’s assumptions shows no deficiency in the
SDG&E case for years 2013 through 2021, we can ignore SDG&E’s deficiency calculation. We
also showed that there 1s no need for the capacity inside San Diego LCR area to integrate
renewable resources. Therefore, the deticiency reported by the CAISO can be met without the
proposed PPAs; better options are available.

We want also to note that, as was discussed above, there are unexplained discrepancies and
inconsistencies in the CAISO’s results, and there 1s inadequate data to check the accuracy of the
CAISO analysis which makes us leery of the results and concerned about making long and costly
commitments on behalf of ratepayers.

Even if we assume that the CAISO calculations are correct. There are viable options available to
either reduce the Local Capacity Requirements or meet the requirement through means that are
more cost-effective, less environmentally detrimental, and that generally follow the
Commission’s loading order. In general, if long term commitments for new fossil-fired
generation are made early in the game, there remains no incentive to pursue other options.

" See CEJA’s First Set of Data Requests to CAISO, question 8: “proposed for summer 2013 and presented by SCE
during 201172012 IS0 Transmission Plan Stakcholder Meeting No., 2 on September 29, 2011 (“Loop Loop the Del
Amo-Ellis 230 kV into Barre Sub™).
** See CAISO response to CEJA’s First Set of Data Requests to CAISO, question 8.
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SUMMARY

ffi

Transmission and energy
Experienced in renewable resource and transmission development, interconnection, transmission
regulatory policy, competitive wholesale energy markets and market design. Licensed professional

clectrical engineer, project manager with MBA, and more than 25 vears of utility and consulting

expert with strong mﬁmﬁm and excellent technical and analvtical skills.

experience in the following areas: Transmission planning, CAISO generation interconnection policies and

contracts

ffi Renewable energy projects developme
ffi  State and FERC regulatory policy related to electricity markets and renewable energy development
ffi  Resource planning, economic and relighility evaluation of generation and grid expansion projects,
production cost analysis and power flow simulation models
ffi  California Independent System Operator (CAISO) market design and markets
ffi  Wholesale trading, offer preparation, power contract negotiations, and portfolio risk optimization
EXPERIENCE

Advanced Enerov Solutions Consulting Companvy 12/2005 - 4/2008 and 2/2009-Present

Provide consulting services n the areas of project development, regulatory policy, cconomic analysis,

CAISO markels, transmission interconnection expansion, offer preparation, and rates.

ffi

ffi

ffi

ffi

Provided interconnection and regulatory consulting 1o a client opposing a 500 kV transmission
project.  Won the argument with the CAISO, resulted in re-categorization of the line {rom
“needed” to “to be looked at in the future”.

Consulted to a large deve %owm for a 500 MW generation and 500 kV high voltage transmission
project. Performed economic and reliability analysis. Prepared RFP to hire other vendors and
consultants. Identified CAISO day-ahead, real-time, and ancillary services market opportunitics
for the project under current and future market designs. Filed testimony with the FERC.
Intervened on behall of the project in CPCN application at the CPUC,

Provided interconnection, regulatory, economic analysis, and rate support to rencwable
generation developers and environmental groups Provided expert testimony

Published two papers and an article in the Natural Gas and Electricity joumal related to
transmission planning issues in CA. Analyzed the need for a Once-Through Cooling power plant.

First Wind Energy

Director of California Business Development, Revulatory, and Transmission 4/2008 — 2/2009

ffi

ffi

Responsible for CA prospecting, site selection and evaluation, wind resource evaluation, securing
lapd interests, permitting, environmental studies, coordinating interconnection studies, and
participating in the projects economic evaluation, design and construction.

Developed a market assessment and strategic plan for wind development in CA and Baja Mexico.
Prospecting in five different countics in mu‘mmnﬁ Central, and Northern CA, and re-permitting
BLM ROW grants. Initiated discussions with prospective land owners and put together lease
option agreements to start negotiations for met tower placement and long term site control.
Manage CA regulatory issues related to wind development, including CAISO generation
interconnection procedures, Renewable Encrgy Transmission Initiative (RETID), AWEA, and
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CalWEA. Involved in exploring potential power sales opportunitics with CA municipal and
Investor Gwned Utilities.

San Diego Gas and Electric Company (1981 - 2006)

Reoulatorv Allaws (FERC Resulatorv Manager), 2003 — 12/2005

ffi  Analyzed market and transmission related proposals and rules by regulators and market
participants. ldentified their impacts and recommended courses of action to senior management,
One such policy recommendation identified more than 550 million per vear in cost savings.

ffi  Managed the development of collaborative policy and strategic positions related to transmission
interconnection protocol and encrgy markets. Wrote position papers and developed regulatory
filings by working with business units, attorneys and corporate leadership to meet the company’s
business and strategic objectives. A key catalyst in a more than $30 million Existing
Transmission Contract (ETC) settlement with the CAISO.

ffi  Promoted SDG&E policy by pmuumt ng in regulatory proceedings and stakeholder mectin
and provided regulatory and policy intelligence and guidance.

ffi Developed SDG&E’s “capacity market” proposal and presented it in regulatory proceedings

ffi  Key participant in the economic evaluation of new transmission projects and upgrades.

fft  Revised and filed SDG&E"s Wholesale Distribution Tariff (WDT).

Electric & Gas Procurement Dept (Portfolio Manaver), 1998- 2003

ffi Initiated and managed wholesale power trading for SDG&E’s portfolio of generation and contract
resources. Generated more than $60 million in profits through trades over a two year period.
o Developed and managed the front, middle, and back office activities in support of trading
activities
o M mmcd and optimized the portfolio by recommending hedging strategies to maximize
value and reduce risks.
o Built relationships with buyers, sellers and brokers in the market and structured new
energy products for sale.
ffi Managed the development of several RFPs and successfully negotiated and signed power
purchase agreements.
ffi Negotiated and signed several $40 million fong-term deals resulting in millions of dollars of
customer cost savings.
ffi Managed the CAISO related activities, participated in the CAISO and SDGE&E market related
policy and operational stakeholder discussions, evaluation and decision makin 1g.
ffi Managed the deve ‘Empm@m and implementation of the energy and ancillary services bid
optimization program including mppﬂm evaluation, selection, and purchase of software. The
software was used to generate over $120 million in revenues annually.
ffi  Led efforts to develop a forecasting model for market prices, with a cost saving of $3 million per
year.
ffi  Evaluated and purchased a probabilistic production cost model. Proposed a procurement PER
and incentive mechanism for load forecasting and other procurement activities
ffi Led SDG&E’s settlement and policy dispute resolution efforts with thc CAl 8{) a 550 million
project. Successfully negotiated and resolved more than $10 million in disputes.
ffi  Developed resource plans and made procurement recommendations using production cost
simulation modeling
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Stratecic Planninge and Projects (Sentor Engineer/Sentor Analvst), 1995 — 1998

ffi Participated in, and managed interface with, the CAISO energy markets/systems.

ffi  Participated in the development of strategic plans for SDG&E to restructure the clectricity market
in California.

ffi Represented SDG&E and was a key participant in the development of rules and protocols for
bidding, scheduling, and operation of a competitive electricity market in California.

ffi  Co-managed the development and purchase of the Power Exchange computer and CAISO
metering and data acquisition systems including hiring consultants, writing specs, evaluating
vendors, and developing project schedules.

ffi  Led the technical evaluation of the vendors” proposals.

Power Control Operations and Power Contract Department, 1987 — 1995

{(Power Contracts Administrator/Power Control Project Manager)

ffi Successfully managed a 820 million project and over 50 people in the purchase of a new Encrgy
Management Computer Systerm (EMS)
o Organized project teams, hired consultants and additional staff, developed the Request
for Proposal, evaluated proposals, participated in vendor selection, signed the contract,
and managed vendor performance against contract commitments. .
o Managed the project schedule, budget, and training.
o Oversaw software and data base development, testing and training of the stafl.
ffi  Evaluated, recommended and negotiated power and transmission purchase/sale contracts for
SDG&E worth $25-40 million.
ffi Managed the design, purchase, and installation of Remote Terminal Units (RTU) to transmit real-
time data to the SDG&E control center.
ffi  Supervised operators” daily implementation of power contract terms and conditions.

Other tasks performed and projects managed — Principal and Senior Encineer 1981-1995

ffi  Directed the efforts of teams to study transmission system reliability using power flow analysis.
Identified transmission system deficiencies and recommended short and long term solutions.

ffi  Performed complex studies of power purchase/sale proposals and alternatives.

ffi  Developed an operating plan using an hourly probabilistic production cost program.

EDUCATION

B.5. Electrical Engineering, Wichita State University, Cum Laude

MLE.A. - Finance Major, San Diego State University, Dean’s Honor Roll

Certificate - Negotiation Skills, University of California San Diego (UCSDY)

Completed more than 20 management, leadership, team building, communication, computers, cconomics,
risk management, and other technical courses offered by SDG&E

PROFESSIONAL REGISTRATION Registered Professional Engineer in the state of California.

fed
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