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1 Overview

In 2006, California Governor Arnold Schwarzeneggigned into law the Global
Warming Solutions Act, known as Assembly Bill 32AB 32”). The law commits the
state to reduce its emissions of greenhouse gad€¥90 levels by the year 2020. In July
2007, the California Public Utilities CommissiorCPUC”) hired a team led by Energy
and Environmental Economics, Inc. (“E3”) to help thiommission understand the
potential for reducing GHG emissions from the eleity sector to comply with AB 32
and the potential utility costs and impacts on fBatia ratepayers. This report presents
the updated findings of that analysis effort, usttaifornia’s most recent renewable

energy cost data developed under the Renewablg¥Emesinsmission Initiative.

The magnitude of the state’s GHG emission redudati@illenge is presented in
Figure 1 below. The figure shows CARB'’s greenhayge® emissions inventory for
California from 1990 to 2004, by economic sectlor 1990, statewide emissions stood at
426.6 million metric tons of carbon dioxide equeat (“MMTCO,€e”). If the state took
no actions to reduce greenhouse gas emissiongth2iP0, CARB estimates that
emissions would reach 596.4 MMT @®under a “business-as-usual” scenario.
Achieving AB 32 will require a 40 percent reductionemissions across all sectors from
the 2020 business-as-usual forecast, or a 10 gawdunction from the statewide average
emissions level of 2002 — 2084AB 32 does not set a specific emissions targethi®
electricity sector or any other specific sectoc)uding out-of-state coal generation, only
for the state as a whole.

! The work was undertaken in the context of the iublilities Commission and the California Energy
Commission’s (CEC) joint greenhouse gas procee@®JC Rulemaking 06-04-009 and CEC Docket
#07-0O1IP-01). The project was also partially fuddsy the California Air Resources Board.

2 California Air Resources Board, “Climate Change [8og Plan Appendices, Volume 1: Supporting
Documents and Measure Detail, Appendix F Tableg3Fg7.
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In 2004, the electricity sector comprised approxetye25% of the state’s

the result of in-state electricity generation, arldtle over half are derived from

emissions associated with electricity imports.

emissions from the electricity sector. Sectiorrdspnts an overview of the report and
the key findings of the analysis. Section 2 déssithe modeling methodology. Section

3 discusses the statewide electricity sector ingpaictlifferent 2020 scenarios. Section 4

3 California Air Resources Board, “California 1990e8nhouse Gas Emissions Level and 2020 Emissions

This report describes the options and expected adseducing greenhouse gas

Limit” (2007), www.arb.ca.gov/cc/cceiflinventory/1@9evel.htm

-2-




describes the results of sensitivity analysis tp @ameters of the 2020 scenarios.
Section 5 discusses expected impacts of greenlyasseeductions to specific California
electricity retail providers. Section 6 providesanalysis of the impacts of a cap and
trade policy on the Western electricity grid andCGadifornia’s electricity sector, while

Section 7 provides the report’s conclusions.

1.1 Project Background

Under the Joint CPUC/CEC proceeding on greenhoas€“@GHG”) reduction
strategies, E3 developed a publicly-available spskeet-based model of the California
electricity sector, known as the “GHG CalculatoA$ part of this process, E3 issued
white papers describing the modeling methodologgtéd conference calls to discuss
specific technical issues with stakeholders and hederies of public workshops at the
CPUC describing the modeling methodology, datat®pnd results. The CPUC and
CEC also solicited multiple rounds of comments fretiakeholders between January
2007 and June 2008, on topics related to the GHReadpincluding the development and

results of the GHG Calculator.

The final modeling results were presented to stakigns in May 2008 in a public
workshop and in PowerPoint format, along with tkeesion 2.b of the GHG Calculator.
In October 2008, the CPUC and CEC Commissionerptaddhe “Final Opinion on
Greenhouse Gas Regulatory Strategies” (CPUC D.e@3¥0 CEC Adoption Order
2008-10-16-1). The Joint Decision made recommeémasto the California Air
Resources Board (“CARB”) on measures and stratégiesduce GHG emissions in the
electricity and natural gas sectors. The Joint$d@e summarized the GHG Calculator
modeling approach and referenced the results d&th€& Calculator analysis.

The CPUC/CEC Joint Decision made recommendatio@AfeB regarding
implementation of AB 32 in the electricity and naugas sectors. CARB is charged
with regulation and oversight of the state’s enaissiincluding greenhouse gas
emissions. AB 32 requires that CARB adopt a sappian, “for achieving the

* The model, documentation and final results presint are all available for download from the E3
website athttp://www.ethree.com/cpuc_ghg_model.html

-3-



maximum technologically feasible and cost-effectigductions in greenhouse gas
emissions.®> The AB 32 Scoping Plan was developed after coatsoih with
stakeholders and input from other state agencnesadopted by the CARB board in
December 2008. The Scoping Plan includes an apipifoa the state to achieve GHG
reductions through a combination of market-basedpi@ance mechanisms, such as a
“cap and trade” policy, as well as direct regulafialternative compliance mechanisms

and monetary and nonmonetary incentives.

The CARB Scoping Plan envisions that 40% of theesamission reductions
will come from regulatory measures in the eledyisector. Proposed measures include
increased energy efficiency, achievement of a 3@3¢wable portfolio standard by 2020,
increased use of combined heat and power and 3/00®f rooftop solar photovoltaics
(“PV”) installations. Additional GHG emission rections will come from regulatory
measures in other sectors of the economy as wallasposed regional cap and trade

system.

Since the issue of the Joint Decision and the aoiopf the CARB Scoping Plan,
E3 has made some improvements to the GHG Calcwdatbchanges to some of the data
inputs to reflect current estimates of renewabkrgyncosts. We do not believe that any
of these changes would substantively alter therigglof the CPUC and CEC'’s
(“Commissions”) Joint Decision. The purpose ostreport is to present the findings of
the current, updated GHG Calculator in a clearsaarmatinct way and to describe the

modeling approach and key findings.

1.2 Purpose of this Analysis

Although California’s climate change legislationedmot set a specific
greenhouse gas reduction target for the electrsgtyor, policymakers have nonetheless
established aggressive GHG reduction policiesHerstate’s electricity sector. These
policies include goals surrounding renewable endegpelopment, energy efficiency,
distributed generation, demand response and otivasy of these policies are still

® Callifornia Global Warming Solutions Act of 2006sgembly Bill 32 (2006).
® California Air Resources Board, “Climate Changep@ised Scoping Plan,” 2008.
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under development or were under considerationeatitiie the GHG Calculator was first
being developed in 2007. Likewise, the provisioh8B 32 permitted the development
of a cap and trade approach to reduce greenhossngasions, but left the specifics of
how and whether to implement the policy to the CARB

There were several purposes for initiating the GEculator modeling effort.
The first was to consider the options, cost anel impacts of implementing regulatory
measures for reducing greenhouse gas emissionglieelectricity sector. The second
was to consider the options, cost and rate impgactifferent utilities and groupings of
utilities in California of implementing a cap ardde policy in California’s electricity
sector. Specifically, the purpose of this projees to:

1. Calculate the impact on California’s electricitynsomers of implementing AB
32, California’s Global Warming Solutions Act of &

2. Test the sensitivity of results to a number ofatiéint sources of uncertainty (gas

prices, load growth, energy efficiency costs).

3. Test the sensitivity of results to different implemtation approaches, including a
cap and trade program as well as regulatory masdate

4. Complete all of the analysis using a transparedtagen public consultation

process.

1.3 The GHG Calculator Key Findings

In order to answer the questions posed by the Cgsiamis, the GHG Calculator
analysis focused first on three key scenarios thed on running sensitivity analyses on
important variables in the analysis. These thoe@arios contain different policy
assumptions and result in different forecasts eéghouse gas emissions levels and costs
in 2020. These scenarios bracket the likely raxfgesource portfolio options in 2020

for the electricity sector. Each scenario is sumimed below:

Natural Gas Only Case. The Natural Gas Only Case assumes no new

development of low-carbon resources beyond the 2988. Only new
natural gas generation is used to meet load groWwtiere are no new
energy efficiency, rooftop solar PV, or combineatend power (“CHP”)

-5-



programs in this scenario. The characteristidhigfscenario are similar

to those for the electricity sector in CARB's “busss-as-usual” cade.

Reference Case.The Reference Case assumes that existing Cadiforn

policies (as of 2007) for the electricity sectar(&xample, AB 107
requiring a 20% RPS by 2010) are continued to 208Qhe Reference
Case, it is assumed that 2007 state policy obgestre met for renewable

generation, energy efficiency, demand responsé&op®V, and CHP.

Accelerated Policy Case.The Accelerated Policy Case assumes

substantially more aggressive targets and incemtivan those included in
the Reference Case, and shows a correspondin@ggcie low-carbon
resource development. The Accelerated Policy @Gasedeveloped prior
to the CARB Scoping Plan and does not assume gxaetlsame
electricity sector measures as the Scoping Plaiowever, many of the
policies modeled in the Accelerated Policy Casehsas a 33% RPS by
2020, are similar in the CARB Scoping Plan document

A key finding of the GHG Calculator modeling effastthat relatively high levels

of greenhouse gas reductions can be achieved lopthbination of approaches

evaluated in the Accelerated Policy Case, at d@ivelg modest cost. The Accelerated

Policy Case is expected to save over 30 milliorrimétnnes of C@ by 2020 compared

to the Reference Case. This would represent adselin electricity sector emissions of

28% relative to the sector’s average emission96fMIMT CO,e between 2002 and

2004. Historical GHG emissions for California’géficity sector and the 2020 forecast

of GHG emissions under each of the three key stenare represented in Figure 2

below.

" There are three main differences between therbla@as Only Case and CARB’s Business-as-Usual
case: (1) CARB estimates a slightly higher rdtelectricity load growth than that used by E3; CARB
assumes that no coal contracts expire between 002020, whereas E3 assumes that California aill n
have responsibility for GHG emissions from coaltcacts after their currently set expiration dates] (3)
CARB'’s Business-as-Usual case assumes a lowerdévehewable energy in California than that
included in the Natural Gas Only Case.

8 Some of the differences between the AcceleratdidyPGase and the Scoping Plan include the amotint o
electric energy efficiency achieved by 2020 andi¢ivel of GHG savings achieved with CHP generation.
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In terms ofnet utility costs, there are not large differences betweesdbmearios,
and the differences fall within the ranges ideatfthrough sensitivity analysis (Section
4). However, thé\ecelerated-Polidfatural Gas Only¥ase is the most expensive of the
scenarios by a relatively small margin, while Meural-Gas-OnhAccelerated Policy

Case is the least expensive. The net utility obgte Accelerated Policy Case is
approximatelyd9%higher0.6% lowerthan the Reference Case in 2020, &%
highe.5% lowerthan the Natural Gas Only Case in 2020 (See Figlr&ow).
Reductions in electric demand due to energy efimyeand distributed generatioearly
offset the other more costly emission reductionsuess, resulting in a relatively modest
irereasalecreasn the net utility cost of providing electricityatewide in the
Accelerated Policy Case.




The GHG Calculator

also estimates direct customer
costs. Customer costs are cog
that are not paid through
electricity rates but rather are
invested directly by customers
such as the customer out-of-
pocket costs associated with
the purchase of a solar PV
system, after receiving a
California Solar Initiative
rebate or incentive. The utility
cost portion of that solar PV
system includes the rebate
offered by the utility for the
system. An analysis of private]
customer costs is included in

the GHG Calculator analysis

for all of the policies that

A Note about Customer Bills and Utility Cost

The potential cost impact of AB 32 on California
electricity consumers is measured as the chang
average utility cost, also known as utility revenu
requirement. This metric is roughly representat
of impacts to average customer bills, once rates
adjusted through the rate-setting process. Utilit
cost is a measure of the electricity-related costs
that must be recovered through electric bills to
maintain a utility’s regulated rate of return.
Therefore, on average, higher utility costs will
correlate with higher average electric bills, whilg
lower utility costs will correlate with lower eleat
bills. This analysis does not undertake a custor
bill impact analysis, given the complexities in th¢
regulatory process to assign costs to different

customer classes.

S

ein
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ar
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U

contain both a utility cost component and a custarost component. These policies

include support for rooftop solar PV, energy e#firecy and CHP investments. The

Natural Gas Only Case has no customer costs in B@@&use the scenario does not

include any incremental energy efficiency, solar, BWCHP programs. Customer costs

are not estimated for 2008 (Figure 3).

Another key finding of this analysis is that stai@svaverage rates are likely to

increase by 2020 relative to 2008, regardless @ft\ghreenhouse gas policy options are

implemented. Statewide average rates are experiadreas&%17% between 2008

and 2020 under the Natural Gas Only Case in remistt Under the Reference Case,

whereby the state continues 2008 levels of endifgyemcy and achieves a 20% RPS by

° All dollar values in this report are denominatadeéal 2008 dollars, unless otherwise specified.
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2020, rates are projected to increa8&20%relative to 2008 levels. In the Accelerated
Policy Case, rates are projected to increasé8p433%rrelative to 2008, and B2%10%
compared to the Reference Case in 2020.
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The analysis also considers the impacts of a Galdewide, multi-sector cap and
trade program on the state’s electricity sectoxistihg theoretical literature and
empirical studies of cap and trade programs omsdibxide and nitrogen-oxide gases
suggest that cap and trade programs could achreigsien controls at a lower total
compliance cost than other approaches. Howewanghe ambitious GHG reduction
goals laid out for the entire state of Californreder AB 32, this analysis suggests that
complementary policies are likely necessary toaahithe GHG target, in addition to

market-based mechanisms. We find that a Califesnigt cap-and-trade system is likely
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to increase costs in the electricity sector withethieving meaningful additional GHG
reductions, beyond the level of complementary paleductions, unless one of the

following, or a combination of the following, conidins occur:
Carbon prices reach high levels ($100/tonneeC@ more);

Natural gas prices increase significantly (100%nore from the
Reference Case assumption of $7.85/MMBtu in 202@0i08 dollars);

Technology innovation reduces the relative codowfcarbon electricity
resources compared to natural gas generationcloandégy improves the
performance of low-carbon technologies significgntl

Lower-cost emission reduction opportunities ardlakike from other
sectors under the cap-and-trade program (thoughisrcase the GHG
reductions would come from those sectors and reoekbctricity sector.
This condition would serve to reduce the cap aadercompliance costs
to the electricity sector, but would not reduce &smans from the

electricity sector).

All of the potential cap and trade policy optiomabyzed here result in higher
costs and rates for the state’s retail providers abole, regardless of which policy is
pursued. This is because the GHG price is expectattrease the market clearing price
for electricity, and these costs will be passedubgh to customers. If a GHG allowance
auction is pursued, and no auction revenue ismetluto utilities, the rate impacts are

expected to be highest of all the policy optionalgred here.

The impacts of a cap and trade policy on Califésngdectricity sector could have
important distributional impacts to the state’siigbroviders, as well as to electricity
producers and consumers. While some cap and pi@iby choices (output-based or
sales-based allocations) are beneficial to loweparaintensive retail providers, other
policies are more beneficial to higher-carbon istea retail providers (historic
emissions-based allocations). In all cases, weethat retail providers that own low-

carbon generation resources are better off undapand trade policy than are the retail
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providers that are more exposed to market purchdseso higher expected wholesale

electricity prices under a cap and trade policy.

1.4 Changes to GHG Calculator (Version 3 Db)

Since the CPUC/CEC Joint Opinion on GreenhouseRe&gsilatory Strategies
was released, E3 has made a few changes and aonseitt the GHG Calculator inputs
and calculationsnow reflected in Version Bof the GHG Calculator). None of these
changes substantially alter the findings of thatlDecision. Overall, the impact of these
changes has been to slightly increase the estincatddand rate impacts of tReference
Case-and\ecelerated-Policy-Cagesourcescenariogelative to version 2b of the
Calculatoy. Version3 showsslightly lower costs fothe NaturalGasOnly Case.

The cost increase of these scenarios in the reMeesion ® of the GHG
Calculator is largely due to the combined impadiof changes. These changes are

described below:

The renewable energy costs have been updateddotrisfe most recent
cost assumptions applied in the CPUC’s 33% Renasdbbrtfolio
Standard Implementation Analysis Preliminary Restéport, released in
June 2009° The report’s renewable energy cost assumptioms we
primarily developed from the Renewable Energy Tina@ission Initiative
(RETI).** The most significant change is to the solar tlamnsts. In the
revised GHG Calculator, the resulting all-in lezeli cost of energy for

solar thermal is $184/MWh, compared to the previmrsion of the GHG

10 california Energy Commission, “33% Renewables bet Standard Implementation Analysis:
Preliminary Results,” June 2009. The report améapsheet model are available to download at:
http://www.cpuc.ca.gov/PUC/energy/Renewables/hatipBmentation.htm.

" The Renewable Energy Transmission Initiative (RET kb joint, statewide effort to help identify the
transmission projects in California to meet theestarenewable energy goals. RETI is overseen by a
coordinating committee with representatives from@PUC, CEC, California Independent System
Operator and the Publicly-Owned Utilities. Infortoa about RETI is available at:
http://www.energy.ca.gov/reti/documents/index.html.
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Calculator, which put the cost of solar thermalrggeat $153/MWh (in

real 2008 dollars at the busbar, which excludestse of transmission).

In the previous version of the GHG Calculator, @n<2.b, the utilities’
revenue requirement calculation mistakenly exclutiedcost of
delivering the Reference Case level of renewabdegnfrom the
Tehachapi and Imperial resource zonékis-has-been-correctela i

Version 3 of the GHG Calculatathese costs of renewable resources

included in the Reference Case were mistakenly léecdunted in the

Accelerated Policy Case, and received double savaredit in the Natural

Gas Only CaseThis mistake was discovered in late February 2018¥

a result, this report has been re-released asoredd with these

corrections, and a new version of the GHG Calculbés been released.

In Version 2.b, the Natural Gas Only Case exclugiuses market

purchases of electricity to meet incremental gdi@raneeds, above the
amount of generation that currently existing geti@necapacity could
provide in 2020. The revised version of the GHGc@ator now assumes
that these incremental generation needs are nwighrthe purchase of
generation from new combined cycle natural gascamebustion turbine
units, rather than from cheaper market purchasas change slightly
increases the cost of the Natural Gas Only Caksweverthis-cost

In Version 2.b, CHP generation that was supposde texported to the
grid in the Accelerated Policy Case was being irextly counted as if it

were behind-the-meter generation, reducing totallreales. This error is
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corrected in Version_and 3bof the calculator, resulting in slightly higher

retail sales in 2020 in the Accelerated Policy Ca&sg a result, the
Accelerated Policy Case now contains 500 additiMiM of renewable
energy compared to the previous version of the [atior, to ensure that
this scenario achieves the 33% RPS requiremen0®§.2I'his change

slightly increases the cost of the Accelerateddydliase.

Two additional changes to the GHG Calculator seteeslightly decrease the
costs of the 2020 resource scenarios:

The cost of energy efficiency programs was overesied in Version 2.b
of the Calculator. Version 2.b of the GHG Calcatapplied a 40%
program administration cost to the energy efficie(/f&E”) program

costs. However, the EE cost estimates we werg adirady included the
cost of program administration. This double-coogif EE program
administration costBas-beewascorrected in Version 3 of the Calculator,
slightly reducing the cost of energy efficiencytlie Accelerated Policy

Case. In addition, previously, EE customer costs werstakienly double-

counted in Figure 3 of this report. This is cotegcin Version 3b.

The 2008 estimate of San Diego Gas and ElectfiSEBG&E’s”) average
retail rates has been reduced to $0.145/kWh frorh8&KWh. The
original rate estimate for SDG&E was based on tR€EG 2007
Integrated Energy Policy Report retail rate foreécasowever, SDG&E
pointed out in their comments that this estimats tea high'? As a
result of lowering the 2008 rates for SDG&E to kel included in their
CPUC filing, all of the revised 2020 scenarios sllewer SDG&E rate

than the previous version of the model.

The final important change to the GHG Calculatdees the distribution of costs

among the electric retail providers in the Nat@ak Only Case. The previous version of

2 The revised rate forecast is based on SDG&E’s CRIQ AL-1978-E, as described in their comments
in the CPUC GHG proceeding R.06-04-009 on Jun®@82pg. 41, line 1251.
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the GHG Calculator did not correctly account fare@able energy from the retail
providers if a scenario was selected in which @rewable energy amount wasver in
2020 than a 20% RPS, the Reference Case assumpisoa result, in the previous
version of the model, a retail provider could epdaith less renewable energy in 2020
than they started with in 2008, creating probleargtie cost accounting associated with

| renewable energy. The revised Versi®mo8the GHG Calculator corrects this issue.
This change does not affect total statewide costisgdoes change the distribution of costs
among retail providers in the Natural Gas Only C&sar more information about the

| other, smaller changes to Versidn& the GHG Calculator see Appendix B.
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2 Methodology

2.1 The Two Model Approach

The GHG Calculator was developed by relying in parthe outputs of a more
complex production simulation dispatch model, chBfEXOS. The goal of this “two
model approach” was to strike a balance betweentaiaing transparency while
preserving sufficient accuracy, by using the kegpats of a complex model to develop a
simpler, transparent spreadsheet model. The ptiodusimulation dispatch model,
PLEXOS, improves the accuracy and credibility & thodeling results, while the
simpler spreadsheet model, the “GHG Calculatogilifates increased public
participation and transparency in the presentaifdhe final results. This two-model
approach also allowed the modeling process to belaied within the relatively short
timeframe specified by the Commissions, and hethedCommissions and public

stakeholders to focus on the “key drivers” of tH&3® analysis.

PLEXOS is an hourly dispatch model of the entirstem portion of the U.S.
grid, known as the Western Electricity Coordinat@guncil (“WECC”). The PLEXOS
model applies advanced mixed integer programmirtsa®re, co-optimization
algorithm to simulate how each generator in the tdfadnterconnect grid would operate
to meet load in a given year under specific tragsion constraints on an hourly baSis.
Inputs to the PLEXOS model include forecasts oflfoand resources in 31 Western

“zones.”

The modeling process begins with forecasts of nessiloads and fuel prices
which are fed into PLEXOS. These inputs generdteecast of hourly, individual power
plant output, power plant operational patterns @vgts, and GHG emissions by plant.
The hourly PLEXOS data is summarized into four tipeeiods: 1) summer high-load

hours; 2) summer low-load hours; 3) winter highddeurs; and 4) winter low-load

3 The PLEXOS model is based on the Ph.D. work of GBrayton (G.R. Drayton. Coordinating Energy

and Reserves in a Wholesale Electricity Marketvarsity of Canterbury, New Zealand, 1997.)
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hours'* These consolidated results are then used apanfor the GHG Calculator,
which is used to calculate costs, rates and GHGsams for a variety of different

scenarios. The GHG Calculator allows users toldyicalculate the cost and GHG
impact of variations in electricity policies, fyalices and other key variables. This

modeling process is shown in Figure 4 below.

! 2 -34()11

— — Modified database of Western

» Electricity Sector Policies Resources (WECC)
& * Fuel Pri(_:es * Generation
a * GHG Prices e Loads
£ * Technology Costs « Fuel Prices

Inputs to GHG
A4 Calculator {

GHG Calculator: < PLEXOS:
c * Adjusts energy costs; « Generation dispatch Z—MECC id ducti
-%  Adjusts capacity costs; * Reference case simol;}:tion opti;\i”zaet}igrzo uction
S | « Adjusts GHG emissions; GHG emissions .
I : i ) « Relationship of load * Hourly generation and GHG
@ | * Adjusts rate impact analysis; e emissions by generator in the
© « All relative to Reference Case to electricity prices WECC

and GHG emissions
Results for
verification

* GHG emissions
%) * Average rate impact
§_ « Utility cost impact
=) ¢ Impacts are average statewide and
o by 8 groupings of LSEs

This production simulation dispatch model was alsed to generate costs and
GHG emissions estimates for the California 200& easl for the 2020 “Reference
Case,” described above. Using the production stran dispatch model for the
development of the Reference Case ensured thattpartant case would be relatively
accurate and credible. However, developing a frasgse in the production simulation

dispatch model is an expensive and time intensivegss, and requires the use of

14 Summer is defined as May to September. Wintdragest. High Load Hours are defined as Monday
through Saturday 7-22 hours (6x16). Low Load HqutdH) are the rest.
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proprietary software and information. For thissea the PLEXOS model was also run
for a range of load levels higher and lower thanReference Case. These results were
then summarized into four parametric curves inGlS Calculator spreadsheet, defined
by the four time periods used in the model. Inrslithe GHG Calculator contains
assumptions about the relationship between loagldethe market clearing price of
electricity, and the marginal GHG emissions ratgarieration, which are based on data
from the PLEXOS model (Figure 5 shows the relatmméetween load and wholesale

electricity costs).

5& 6( 1 &78, 3 1 3
( (( #

$65

$60 A

$55

$50

$45

$40 ~

Wholesale Electricity Costs
(variable costs, $/MWh)

$35

$30 T T T
90% 95% 100% 105% 110%

Percent of Reference Case Electric Demand
(Reference Case = 100%)

Summer HLH — — Summer LLH —— WinterHLH — — Winter LLH

In the GHG Calculator, when the net load, or gatien levels relative to load,
are changed in a scenario, the parametric cureessad as an approximation of the

market clearing prices and marginal £tensity of the new generation dispatch.
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Because of the parametric curves, these impactbeastimated without re-running the
entire production simulation model. In this way IGHG Calculator allows new
scenarios and sensitivities to be calculated meyally, and in a more transparent way,
than the production simulation dispatch modeladdition, we undertook a
benchmarking exercise that verified that the GH&@ator results were reasonably
accurate when compared against the PLEXOS out@gsa result, we concluded it was
not necessary to re-run the PLEXOS model for eaehaio that the Commissions

analyzed.

2.2 Input variables

The approach of the GHG Calculator modeling effotbd create a publicly-
available, non-proprietary tool which allows stasilelers and agency staff to create and
run their own scenarios in the model — varying sucidamental parameters as the
electricity load growth forecast, energy efficieraghievements and costs, as well as
other supply and demand-side resource developraedtsosts between 2008 and 2020.
The model also allows analysts to vary assumpsomnsounding regulatory policies

and/or cap and trade policy that could affect fleetacity sector.

Since the GHG Calculator is a spreadsheet tootJynegery input and calculation
in the tool could, potentially, be changed. Howettlge model is designed to more easily
allow certain resource choices to be manipulatoime examples of California’s policy

goals which can be evaluated in the GHG Calculamude:

Energy efficiency (“‘EE”): The GHG Calculator includes four choices for
energy efficiency savings which can be selecteohfrd@hese choices include
a reference case, (the lowest EE achievement gpaaod a low goals, mid-
goals and high-goals EE achievement option. Thases represent statewide
levels of EE achievements. The mid-goals caserized from the CPUC’s
energy efficiency goals for the three 10Us, adopteduly 2008, which
includes savings of over 4,500 MW and 16,000 GWtwveen 2009 and 2020,
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the equivalent of nine power plants, which are theaded-up in the GHG

Calculator to a statewide levél.

Demand response (“DR”):The GHG Calculator allows the percentage of
peak demand reduced through demand response int@®20modified in
different scenarios. The state’s first Energy ActRlan set a goal of reducing
peak demand by 5 percent (between 1,500 and 2,00 with price-
responsive DR by 200%. The state has not yet achieved this goal, bstilis
aggressively moving forward to increase levels Bf Dn the model, demand
response reduces the need for new peak generafpacity but does not save

energy.

California Solar Initiative (“CSI”): The GHG Calculator allows the user of
the tool to select the amount of rooftop solar Rat is installed statewide by
2020. The million solar roofs initiative, passetter Senate Bill 1 in 2006,
seeks to encourage the state to install 3,000 Mivepéate of rooftop solar
PV by 2017.

Combined heat and power (“CHP”):The GHG Calculator allows the user of
the tool to select different levels and types offCiHat will be installed in
California by 2020. Although the state did not éavspecific policy to
promote new CHP at the time of the modeling, dfterrelease of Version 2.b
of the GHG Calculator, the CARB Proposed ScopiramREt a goal of
reducing 6.7 million metric tons of G®y 2020 through the use of new CHP
units. CARB estimates this figure to representayxipately 4,000 MW of

new installed CHP generation capadity.

15 CPUC Rulemaking 06-04-010, Decision 08-07-047,¢iBien adopting interim energy efficiency
savings goals for 2012 through 2020, and definmgygy efficiency savings goals for 2009 through01
August 1, 2008, pg. 1.

16 California Energy Action Plan, adopted 2003, pgAailable at:
http://www.energy.ca.gov/energy_action_plan/2003385ACTION_PLAN.PDF.

7 California Air Resources Board, “Climate Changepised Scoping Plan,” adopted October 2008.
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Renewables Portfolio Standard (“RPS”)The GHG Calculator allows users
of the tool to adjust the level of renewable energyected to be delivered to
California by 2020. The tool allows users to clowasich renewable
resource zones across the West are likely to beloleed to meet the state’s
RPS (e.g. in-state renewable energy from Imperaley or out-of-state wind
from Wyoming). Currently, California law requirdse state to meet 20% of
retail sales from qualifying renewable energy b§@0and the state’s goal is

to meet 33 percent of retail sales from qualifyiegewable energy by 2029.

In addition to these resource choices, the modi®lvalusers of the GHG
Calculator to change the resource cost assumptsnsell as to evaluate various cap and
trade policy options, and the effects of such clearan different groupings of retalil
providers. The cap and trade variables which canjog into the GHG Calculator

include:

The market clearing price for GHG emissions allogeanbetween 2012
and 2020.

The percentage of the GHG compliance obligationritey be met with
GHG “offsets” of different types, as well as therked clearing price of

different categories of offsets.

The method of allocating GHG allowances to elettyrigtilities, whether

administratively allocated or auctioned.

If administrative allocation is selected, the us@y choose the percentage
of GHG allowances that are administratively allechdn the basis of a

generator’s energy output or on the basis of iBB2missions level.

18 The 33% RPS by 2020 goal was established by @aiidsovernor Schwarzenegger in Executive Order
S-14-08 and in Executive Order S-21-09, and has bapported by the CEC and the CPUC in their joint
final opinion on strategies to reduce greenhouseegaissions and meet AB 32 goals (R.06-04-009/#07-
OlIP-1), and by CARB in its 2008 Climate Changepeiged Scoping Plan.

19 Offsets are credits for emissions reductions aehi®utside of the capped sectors in a cap and trad
policy.
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If GHG allowance auctioning is selected, the usay thoose the amount
of GHG allowance auction revenue that is returmecktail providers, and
on what basis the revenue is returned (based aih pedviders’ sales or

2008 emissions level).

Although the model is designed to allow users ef@HG Calculator to change
many of the key parameters, the model’s basic gssons reflect state policies in place
as of 2008, to the extent possible. These basiogstons may be changed, but remain
constant in the key scenarios evaluated in thisrtepl hese assumptions include:

Emissions performance standard for generation,jinieguwall new
generation and long-term contracts for generatieetra GHG emissions
standard that is less than 1,100 |bsB0Wh. The emissions performance
standard effectively places a moratorium on new-ficad generation, or
new long-term contracts with coal-fired generatithat does not include

carbon capture and sequestratipn
The 1976 legislative ban on new, in-state nucleaegatioR™;

There are a number of other key input variablestvimay also be changed in the
GHG Calculator. This report does not describ@fahe available levers built into the
GHG Calculator, but instead focuses on the keylteand findings of this modeling
effort. The key drivers identified in this modwjieffort, and the data sources used for
the default assumptions in the Calculator, are sariz@ad in Table 1 below. More

information on data and assumptions is availabkpgpendix A.

20 5ee California Senate Bill 1368, 2006 statutes.
21 see California Public Resources Code Sections285% 25524.2.
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- 0 2

Key Driver

Data Source

Notes

Peak Demand and
Energy Forecast

California Energy Commission,
California Energy Demand 2008 —
2018 Staff Revised Forecast,
November 2007

@]

Retail providers were grouped int
eight categories modeled in the
GHG Calculator. The 2018
forecast was extrapolated to 202(
using a trend of the final years of
the forecast.

Energy Efficiency

Scenarios

For the POUs, Energy Efficiency
Potential Studies (AB 2021 filings
with the CEC) and for the IOUs, th
2008 Itron Report, “Assistance in
Updating the Energy Efficiency
Savings Goals for 2012 and
Beyond” written for the Public
Utilities Commissiorf?

(

Three energy efficiency scenarios
were developed, modeled after th
CPUC EE goals study. The IOU
goals were scaled to cover a

statewide EE view, including EE
savings from the POUs and other,
retail providers in the state.

Renewable Energy
Resource Potential

Best publicly available data as of
2007, mostly from the National
Renewable Energy Laboratory
(NREL).

Based on geographic survey datg
of wind-speeds, solar insolation,
biomass availability, hydroelectric
availability etc. These data were
combined into regional renewablé
energy zones, and the cost of
developing renewable energy in
each zone was estimated.

22 Energy efficiency technologies included in the@Balculator consist primarily of technologies
currently receiving incentives from investor-owngdity programs. Other off-the-shelf technologa®
not included, and CARB’s Draft Scoping Plan Appeedisuggest a number of additional measures that
are not included in Itron’s set of measures. Tlagecalso many other delivery methods for energy
efficiency that will require further analysis aneatuation. The Itron Goals Update report can mssed
at: http://www.cpuc.ca.qgov/NR/rdonlyres/D72B6523-FC1964-AFE3-

A4B83009E8AB/0/GoalsUpdateReport.pdf
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Key Driver

Data Source

Notes

Resource Costs
(both conventional
and renewable
generation)

Renewable cost estimates reflect
values used in the CPUC 33% RP
Implementation Analys?é Natural
gas combined cycle cost based on
Market Price Referent in 2008, oth
generation costs reflect best
available estimates.

Renewable resource costs were
Supdated in version 3 of the mode
to reflect CPUC 33% RPS
Implementation Analysis data,
ewhich was based on data from th
Renewable Energy Transmission
Initiative (RETI).

1)

Existing Power
Plants,
Transmission,
Generator Dispatch
and Cost

Western Electricity Coordinating
Council (WECC) Transmission
Expansion Planning and Policy
Committee (TEPPC) 2017 build-ou
case.

TEPPC 2017 scenario was adjus
to meet forecast of 2020 loads in
each WECC zone modeled. The
database includes existing
generation resources, transmissic
tpathways and ratings, fossil
generator heat-rates, renewable
energy capacity factors, and
hydroelectric hours of availability.

ted

hn

Fuel price forecast

Market trades of natural gas future
for 2020 (New York Mercantile
Exchange, NYMEX)

Seams Steering Group of the
sWestern Interconnect forecast for
all fuels is scaled relative to the
NYMEX futures markets for 2020
natural gas prices in March 2008

CHP resource
potential

CEC Assessment of California CH
Market Potential, Moderate Market
Access scenario used for
Accelerated Policy cagé.

PSplit between large and small CH
set at 5 MW based on Self-
generation incentive program
(SGIP) criteria.

P

% CPUC, 2009. “33% Renewables Portfolio Standardémentation Analysis Preliminary Results”,
available athttp://www.cpuc.ca.gov/NR/rdonlyres/1865C207-FEBR=£-99EB-

A212B78467F6/0/33PercentRPSImplementationAnalyssimReport.pdf

24 California Energy Commission, Public Interest EjyeResearch, 2005. “Assessment of California CHP
Market and Policy Options for Increased Penetratiwaepared by the Electric Power Research Institute
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2.3 Representation of California Retail Providers

The model focuses on 2020 cost and rate impa&slitornia’s electricity

consumers and a set of eight retail providers,rdest in Table 2 below.

- 1 I & ( 4( ( +

Name Description

1. PG&E Pacific Gas and Electric, bundled load only

2. SCE Southern California Edison, bundled load only

3. SDG&E San Diego Gas and Electric, bundled load only

4. SMUD Sacramento Municipal Utility District

5. LADWP Los Angeles Department of Water and Power

6. ‘Northern A grouping of all other municipal utilities, direatcess service
Other’ providers and other retail providers located intNem California.

7. ‘Southern A grouping of all other municipal utilities, direatcess service
Other’ providers and other retail providers located intSetn California.

8. California Includes the Central Valley Project, the MetroolitWater
Water Department, and the California Department of WResources. The
Agencies “Water Agencies” are modeled in less detail thandther retail

providers>®

The GHG Calculator includes many data inputs asdraptions about each
group of retail providers, including their ownerslof power plants, electricity contracts
and load growth, as well as information about @xgsaverage system rates and existing
generation mixes, among other information. For g¥amin the first year modeled in the
GHG Calculator, 2008, each of the eight retail ptexs has a different average rate level
and a different average emissions intensity ofte@ty. These different 2008 starting
points impact the relative costs to each retaiVigler of reducing GHG emissions

% The category of Water Agencies was created inrdmlellow the model to exclude this portion of the
state’s load from the requirements of the renewpbléfolio standard, rooftop solar PV programs atiter
policies that are only applicable to the stateteotetail electric providers.
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through 2020. The details about these input assangpare available in the GHG

Calculator itself, as well as the supporting metitody description.

The GHG Calculator is designed to evaluate the lagél impacts of greenhouse
gas mitigation policies to the California electiycsector and to these eight groupings of
retail providers. The GHG Calculator does not pdesufficiently disaggregated
information to be used as a resource planning tbot. example, the GHG Calculator
does not evaluate scenarios of individual generatmements or re-powering which may
occur over the next twelve years. Likewise, thalelaloes not reflect individual utility

resource plans or municipal policies.

Modeling these eight categories of retail provige®vides important insights to
how some GHG mitigation strategies may impact czifie regional groupings of
California’s electricity customers. However, thelG Calculator does not analyze the
impacts of specific policies on different customlkasses, such as large versus small
residential or industrial customers. Likewise, @idG Calculator does not analyze
impacts to generators, “energy deliverers” or tin@lter retail providers grouped within
the Northern Other, Southern Other and the Watem8igs categories.

2.4 Strengths and Limitations

One of the strengths of the GHG Calculator is thigtbased on “bottom-up”
assessments of resource costs and potential fenlgpese gas reductions. The model
includes detailed cost and resource potential métion about renewable energy
technology types by location in various resourceezoacross the West, as well as
different options for energy efficiency achievensgmboftop solar PV, demand response
and CHP installations. Renewable resource potafdia is based on the best publicly
available data, as of 2007, from sources sucheabl#itional Renewable Energy
Laboratory?® This detailed information ensures that the dathé GHG Calculator is

calibrated to California’s specific resource availiéy circumstances.

% The Renewable Energy Transmission Initiative (REEveloped new renewable resource potential data
subsequent to the initial GHG Calculator study.e Tévised version of the GHG Calculator (v3)
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Another strength of the Calculator is that the @sstumptions are transparent,
and are derived from publicly available sourceble Tost assumptions for new resources
can also be adjusted to perform sensitivity analy3ihe baseline cost and technology
performance assumptions reflect 2008 cost levEle potential impacts of investment or
policies on technology transformation or innovatése not included in the Reference
Case, nor are they endogenously calculated in thdem Rather, assumptions about
technology transformation and innovation are inpuftech can be affected by changing
the cost assumptions in the model.

The model’s cost assumptions reflect physical coather than market prices.
For example, the market price of electricity is&ethe variable cost of the marginal
generating units. We do not assume that the margemerating units are able to set the
market price above their variable cost of operatibikewise, the estimated cost of new
generation reflects an assumed rate of returnwestment that is just sufficient to
sustain new investment. The model does not estithaprice at which a generation

resource might be sold.

Likewise, the model does not consider potentialkeiageffects such as
competitive bidding behavior, market power, behagltanges due to new market
incentives or the potential for “leakage” or elegty market gaming under various cap
and trade scenarios. This approach assumes ntakendin the electricity market for the
marginal generator, although generation that isenefficient than the marginal units

does earn revenue greater than its variable costs.

The cost-based assumption in the GHG Calculatorumdgrestimate the cost of
electricity in some time periods, while the assuorpbdf no technology transformation
may overestimate the cost of some types of geoeratiowever, the Calculator’s
reliance on only publicly-available data and itettom-up,” cost-based approach make
the GHG Calculator assumptions transparent andfialeg. Overall, we think this
approach strikes an appropriate balance regartmgréatment of uncertainty in cost
estimates and creates a clear platform to start foy sensitivity and scenario analysis.

incorporates revised renewable energy cost daedb@sthe RETI cost information, but does not updat
the renewable resource potential data.
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In addition, the GHG Calculator allows analyste&sily run and compare
multiple scenarios. The approach does not comstinai analyst to produce “least cost”
outcomes. Rather, the model is set up to analyzeasios which are expected to occur,

or which are desirable for policy reasons.

In the model’s strengths, there also lie importanitations. First, it is worth
emphasizing that the model does not attempt tolabminteractive effects between the
electricity sector and other sectors of the econoiityis limitation is especially pertinent
to note in the context of analyzing cap and traoleejes, where greenhouse gas
abatement costs in other sectors of the economyhaay important ramifications for the
electricity sector's GHG abatement costs. Likewgsess-sectoral emission reduction
measures are not explicitly accounted for. Fongla, new electrification of end-uses,
such as the adoption of plug-in hybrid electricields (PHEVS) could increase GHG
emissions in the electricity sector by increasilegteicity demand, but could generate net
GHG savings by offsetting emissions in the trantgimn sector. The GHG Calculator is
designed to capture the GHG emissions effect aeaario with higher electricity
demand, but is not designed to capture the GHGigafrom reduced gasoline use in the

transportation sector.

In addition, the GHG Calculator does not dynamicadllve for market effects,
such as the interactions between carbon pricegtalaas prices, electricity demand,
renewable energy development, etc. Put anotheytivaynodel does not optimize an

objective function of prices and environmental ¢desations.
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3 California Electricity Sector Scenarios in 2020

While the GHG Calculator allows users to create amalyze numerous scenarios
of California’s electricity sector in 2020, in thisport we focus on three key scenarios

which help to bookend the possible outcomes foetketricity sector:

1. The Natural Gas Only Casaepresents a state of the world where current
renewable energy and demand-side management gadi@ezliminated and

replaced with a focus on using only natural gasgsion to meet demand.

2. The Reference Caseepresents a California future where current pediand
trends continue through 2020. This includes ainaation of California’s
comparatively aggressive energy efficiency prograarstatewide 20% RPS that
is met by 2010, and a continuation of the Energgn@ission’s 2007 IEPR

projected rate of solar PV installations througR@0

3. The Accelerated Policy Caseepresents a California future where reductions of
greenhouse gas emissions in the electricity séeioomes a strong priority
through 2020. This case assumes that currentjgqienl energy efficiency
savings approximately double by 2020, that a stae®3% RPS is met by 2020,
and that the state installs 3,000 MW of roofto@s®lV by 2020 as a result of the
California Solar Initiative (CSI). The AcceleratPdlicy Case also has over 4,000
MW of new CHP being installed between 2008 and 2020

Section 3 of this report describes the statewidsats on greenhouse gas
emissions, costs and rates of these three scenand<Section 5 describes the impacts to
individual retail providers of these scenarios. kKeg assumptions applied in each of
these three scenarios are described in the talde/b®ther than the variables outlined
in Table 3, all other input assumptions, such asrahgas prices, are held constant

between each scenario.
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Inputs

Natural Gas Only Case

Reference Case

Accelerated Policy Cas

1%

Energy Efficiency (EE

No additional EE after
2008

16,450 GWh added to
CEC load forecast

CEC load forecast*

Assume 16,450 GWh E
embedded in forecast

FAB 2021 filings =36,559

‘High goals’ EE scenari

Based on CPUC Goal
Update Study & POU

"z

GWh, including
embedded EE in forecd

Rooftop solar PV

2008 rooftop PV only

CEC load forecast*

Assume 847 MW
nameplate of rooftop P

v

—

3,000 MW nameplate g
rooftop PV installed

Demand Response
(DR)

Existing DR only

5% peak demand
reduction

5% peak demand
reduction

Combined heat and
power (CHP)

CEC load forecast*

CEC load forecast*

1,574 MW nameplate
small CHP (<5 MW)

2,804 MW nameplate
larger CHP (>5 MW)

Renewable Energy

2008 renewable energ
and 1,000 MW of
Tehachapi developed

Y

20% RPS by 2010
(6,733 MW)

33% RPS by 2020
(13,044 MW)

* California Energy Commission, “California Enermand 2008 — 2018 Staff Revised Forecast,”
November 2007, CEC-200-2007-015-SF2.

Figure 6 below represents the impact on retailssaléhe demand-side resources

applied in these three scenarios. The Natural Gédyg Case, which has no energy

efficiency achievements beyond 2008, shows an &serén annual average load growth

from 1.2 percent per year to 1.6 percent per y&ae Accelerated Policy Case achieves

the lowest level of load growth at 0.3 percentyssr. This low level of growth is

mostly due to the achievement of the “high EE doahl a large increase in CHP

generation in the Accelerated Policy Case.
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3.1 Electricity Sector Greenhouse Gas Emissions

The Reference Case results in a greenhouse gasi@msisrajectory from 2008 to
2020 that is approximately flat, at 108 million m@&tons of carbon dioxide equivalent
(MMT COye) by 2020. The Accelerated Policy Case resulegiemissions level of 77
MMT COye, or 29% below the Reference Case and approxiya®8b below the
electricity sector’'s 1990 emissions level. The Mat@Gas Only Case results in higher
greenhouse gas emissions, at 124 MMT,&@ level 15% higher than the Reference

Case.

Figure 7 below deconstructs the greenhouse gasiemsssavings from these

three scenarios into their components, illustratirggrelative GHG savings obtained
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from each resource when transitioning from the lighssions Natural Gas Only Case to
the Reference Case, and from the Reference Calse kow emissions Accelerated

Policy Case.

The largest “wedges,” or sources of GHG savingsframm energy efficiency
savings and renewable energy. In achieving the lacaied Policy Case, combined heat
and power and solar PV play a more minor role. |g dtbelow also shows the sources of
GHG savings in the renewable energy category dyn@ogy type. In California,
geothermal, solar thermal and wind are expectéxet tihe largest sources of renewable

energy available to meet a 33% RPS by 2020.

+ / (- -1#

Natural Gas Only
Case

125

115

l«— Reference Case

I

ettt

S
RS RTs

105

S

eSS
S

Electricity Sector Emissions MMt CO2e

oy
95 1 1?
85

Accelerated Policy
75 Case
2008 Year 2020
B Renewable energy
Reference Case O Rooftop PV

B Energy efficiency

Rooftop PV

& Renewable energy
Energy efficiency
Combined heat and power
O Remaining CO2

Accelerated Policy Case
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Low-carbon Resource

Reference Case GHG Emissions
Reductions Compared to Natural
Gas Only Case

Accelerated Policy Case GHG
Emissions Reductions
Compared to Reference Case

(MMT CO .€) (MMT CO .e)
Energy Efficiency 6.0 10.2
Rooftop Photovoltaics 0.4 1.7
CHP - 4.9
Electricity used on-site - 2.1
Electricity delivered to grid - 2.8
Renewable Generation 9.1 14.2
Biomass - 2.2
Biogas - 1.1
wind 3.9 3.3
Geothermal 3.6 3.9
Solar Thermal 1.6 3.7
TOTAL 15.5 30.1

3.2 Emission Reduction Measure Costs

While the table above provides a useful breakdofithe@emission reduction

measures by program and technology type, a deeplerstanding of the costs of each of

these options is necessary. There are severaltwaydue the cost of emission reduction

measures, including from a customer cost perspediwutility cost perspective and a

total resource cost perspective (which includes loostomer and utility costs).

The figures below show two different greenhouseajmgement supply curves

for the same portfolio of measures in the Accetat&olicy Case compared to the

Reference Case portfolidzigure Sigure8 shows the Accelerated Policy Case resource

portfolio from the total resource cost perspectimeluding both customer and utility

costs Figure Figure9 shows the Accelerated Policy Case portfolio frootikty cost

perspective, excluding the portion of measure dosise by the customer.
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The total resource cost perspective supply curesvstihat on-site CHP, biogas
and energy efficiency are by far the cheapest nteasvailable in the electricity sector,

when allelectricity sectorosts are consideréd. The ‘High EE goals’ represented in the

Accelerated Policy Case below includes high leegsnergy efficiency mandates such
as the “Huffman lighting bill” (AB 1109), Title 2dnd Title 20 standards, and increased
achievements from California’s “Big and Bold Eneigfficiency Strategies.” Assuming
that rooftop solar PV costs remain at their curtem¢ls and do not undergo a dramatic
cost reduction due to market transformation, CStaltations will come at the highest net

cost, on a dollar per tonne of @€aved basisNote that in Version 3b, the cost per tonne

of the demand-side measures have decreased slightivthe Version 3 results. This is

because Version 3b now includes the transmissidrdastribution savings of demand-

side measures (enerqgy efficiency, California Soidrmative (CSI) and on-site CHP) in

the calculation.

;- & 1 ) (& +) 11

/ #1( (. *

$1,000
Csl
Net CO2 Savings:

$800 |{ 31 MMT CO2e
B
c $600 -
8
&
.g $400 | Export CHP
(@) .
i Blomass|
Q Solar Thermal
© $200 Biogas
> g |
- EE Geothermal Wind

$- ‘ ‘

Onsite CHP
$(200)
0 5 10 15 20 25 30 35

Reduction in CO2 from Reference Case (MMT CO2e)

27 Note that CHP benefits attributable to thermatibare not included in this analysis.
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The utility cost perspective supply curve lookdeatiént than the total resource
cost supply curve because the customer costs fobiced heat and power, energy
efficiency and rooftop solar PV are not includedha utility cost supply curve. Onsite
CHP and solar PV provide illustrative examplesc8inearly all costs for these resources
are incurred by the customer, but the carbon sawifigooftop PV installation and the
electric portion of CHP Cgsavings are credited to the electricity sectorsi@-CHP and
CSI appear extremely cost-effective from a utiibst perspective. There is also a
significant customer cost component to the eneffigiency (EE) savings measures.

This is why the “High energy efficiency goals” aeted in the Accelerated Policy Case
come at a savings 8703$102tonne CQe from a utility cost perspective compared to a

cost of$9%24/tonne CQe from a total resource cost perspective.

& 1 +) 11 # l( ( *
$250
$200 || NetCO2 Savings: Solar Thermal |Biomass
31 MMT CO2e
E 3150 Wind
S Biogas
£ %100
e Geothermal
é $50
- Export CHP
(] $_ ‘
N
©
>
4 $(50)
EE
$(100) CsSl
On-site CHP
$(150) —
0 5 10 15 20 25 30 35

Reduction in CO2 from Reference Case (MMT CO2e)

The table below shows the cost per tonne of caredaced in the Accelerated
Policy Case compared to the Reference Case foggeéiiciency, renewable energy, the
CSI program and CHP. Overall, the Accelerateddydliase saves over 30 million

metric tones of greenhouse gasses compared tcefleedRce Case. These @&G&avings
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come at an average utiligpst-ef-$Bsavings of $er tonne of Cge and an average
total resource cost &t535134per tonne of Cge relative to the Reference Case

- 5 (1 4 ( 14 - : 2
) (& 10 <= S - § G (.
GHG Savings Utility Cost Consumer Cost | Total Resource
(MMt CO2e) ($/tonne) ($/tonne) Cost ($/tonne)
Energy Efficiency 10 -$102 $79 -$23
Renewables 14 $148 $0 $148
Csl 2 -$137 $1,004 $867
CHP 5 -$203 $370 $166
Total / Weighted Average for Costs 31 -$5 $139 $134

From a utility cost perspective, renewable enesgyn@ most expensive resource,

reaching an average cost of $148 per tonne geG@ved. Utility scale renewable

energy does not have a direct customer cost componbich is why the customer cost

of renewable energy is zero. Energy efficienayhesmost cost effective emission

reduction measure from a customer cost perspeasiveell as from a total resource cost

perspective. Not only is energy efficiency a lavstresource with the potential for

significant carbon savings, energy efficiency alstuces load, and thus makes it easier

to attain higher renewable energy penetration@ereentage of retail sales, required by

the state’s Renewable Portfolio Standard.
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Calculating the $/Tonne in the GHG Abatement SupplyCurves:

The supply curves shown above are calculated usaépllowing approach for each

measure:

(Utility cost + Customer cost* - Energy cost - Capeity cost— T&D cost)

CO2 savings

Definition of terms:

to a given measure (i.e. EE program cost)

*Customer cost This term is only applied in the total resourostcsupply curve;

Energy cost:Change in the cost of energy procurement relativbe Reference cass
based on the wholesale, time-of-use price of e@stin the selected scenario (the

electricity price varies with total demand).

-Capacity cost: Change in the cost of meeting peak capacity reqents relative to
the Reference case, based on capacity savingsctiange in energy use and cost o

natural gas combustion turbine.

T&D cost: Change in the utility cost of providing transmissiand distribution

(T&D) services relative to the Reference case. Bmirside measures reduce load,

can result in T&D savings.

Utility cost: Change in utility revenue requirement relativéhi® Reference case dug

defined as the portion of the measure cost paithé&ygustomer, rather than the utility.

\

fa

SO

3.3 Average Statewide Electricity Cost and Rate Imp  acts

The Natural Gas Only Case, Reference Case and&atetl Policy Case each

result in different forecasts of average utilitystoand average electricity rate impacts in

2020. The cost and rate impacts of each scenaricepresented in Figure 10 and Figure

11 below.

Utility costs are driven by electricity demand aalivas resource procurement

costs and other fixed costs such as transmissidmliatribution costs. Expenditures on
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energy efficiency programs and other cost-effeatigmand-side resources tend to reduce
utility costs, because these programs reduce elel@mand and so avoid costs

associated with procuring and delivering electyittt customers.

Utility cost, also known as utility revenue requivent, reflects, but is not a direct
predictor of average customer bills. In generddewthe utility revenue requirement
goes up, average customer bills go up, and whétyuévenue requirement falls,
average customer bills fall. However, a full cusér bill analysis is a complex
undertaking and is not in the scope of the repGustomer bills are reflective of utility
revenue requirements as well as population grogéctricity consumption per customer,
and rate structures by customer class. For exampsembly Bill (AB)1X freezes lower
tier rates at the February 2001 level. Absengeslative change, electricity rates for
consumers with low usage of electricity who argjsctito AB 1X will not change under

any of these scenarios.

In all scenarios, utility costs are forecast ta@ase, in real terms, between 2008
and 2020. The Reference Case statewide utilitis@re forecast to increase from $36
billion in 2008 to $50 billion in 2020, an increaskapproximately 3% per year in real
terms. In the Accelerated Policy Case, high leeélsnergy efficiency and CHiRelp-to
mitigate the higher costs of other emissions abatémeasures such as renewable
energy. This is why the Accelerated Policy Casascaboug%0.6%merelessthan the
Reference Case; in the absence of the demand sideunes, the Accelerated Policy Case
would be much costlier than the Reference Caske Natural Gas Only Case, with no
additional demand-side resources and no additremawable energy or other emission
abatement measures beyond 2008, sh8a&)o tewerhighercosts than the Reference
Case. However, overall, the costs of each oftiheetscenarios evaluated are relatively

close.
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Just like utility cost, average electricity rateés expected to increase between
2008 and 2020, regardless of what policy is pursded to increasing capital costs of
new generation. Figure 11 shows that statewidel system average rates are expected
to increase by 20% from 2008 to 2020 in the RefegdDase, from approximately
$0.13/kWh in 2008 to $0.16/kWh in 2020. Unledsentvise noted, all costs and rates in
the report are in real dollars, which exclude theact of inflation. If we were to include
the impact of inflation, and assume an inflatiote raf 2.5 percent per year, the nominal
rate impact would be 62 percent between 2008 a@f,2f about a 5 percent per year

nominal rate increase.

The Accelerated Policy Case shows the highesimgiact due to the
combination of lower net load growth through higtergy efficiency, and hence a
smaller rate-base over which to spread cost inesg@s well as higher resource
procurement costs. This results in an additié@a10%real rate increase over the
Reference Case rates,#8-1830.17kWh in 2020.
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The Natural Gas Only Case has the highest loadtbrofithe three scenarios,
which is met through the procurement of naturalgasbined cycle units. This means
the Natural Case Only Case has both lower resmasts as well as a larger rate base,
resulting in a slightly lower rate impact compatedhe Reference Case, with statewide
average rates forecast&#-1450.15kWh in 2020.

3() [/ 1 #1( (*

$0.18

Average Rates
($/kWh, real 2008 dollars)

$0.12 -

$0.10 T T T T T T
2008 2010 2012 2014 2016 2018 2020 2022

Year

—4&— Natural Gas Only Case
—— Reference Case
—A— Accelerated Policy Case

While it is useful to forecast the average cost i@ate impacts for the three
scenarios to illustrate the overall impacts of Gi#@uction policies in the electricity
sector and to California’s electricity consumersggregate, it is important to keep in
mind that statewide average cost and rate impact®e misleading if taken out of
context. Individual customer rate impacts will waubstantially by tier, customer class

and by retail provider.
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4 Sensitivity Analysis

The GHG Calculator allows users to test differealties for a number of key
variables, including load growth forecasts, lexalenergy efficiency achievements and
2020 natural gas price forecasts, among otherhaga The sensitivity analysis results
for variations in these three variables are shoalow.

4.1 Natural Gas Price

Natural gas prices are notoriously volatile. Fxaraple, when this project began
in 2007, gas prices stood at about $8 per millituon ®1MBtu). Natural gas prices
increased to around $12/MMBtu in the summer 20@Bamof the writing of this report
in September 2009, natural gas prices stood cto$8/MMBtu. Natural gas prices have
a large impact on the cost of delivering electyitit Californians, because currently a
large share of the state’s electricity supply isdazhon natural gas fired power plants, and
these power plants tend to set the wholesale mprlaet of electricity. Finally, the
calculation of the net cost of an emission reductieeasure is intimately tied to the cost
of the avoided natural gas that the emission réglucheasure saved.

For these reasons, the natural gas price sengiviierhaps one of the most
important sensitivities to test in this analysishe baseline natural gas price in all
scenarios is $7.85/MMBtu in 2020, in 2008 dolldrse high natural gas price sensitivity
is set at $14/MMBtu in 2020, in 2008 dollars, ahd low natural gas price sensitivity is
set at $2/MMBtu in 2020, in 2008 dollars. Thisgarof natural gas prices seeks to
represent a very broad range of possible futurgogass, and as a result this sensitivity

creates the widest range in outcomes out of ahh@fensitivity ranges tested here.

Note that this analysis does not include an esé@roathe price elasticity of
demand with respect to natural gas prices. Asatteve do not estimate the impact of

this wide range of natural gas prices on GHG emnssi
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4.2 Energy Efficiency Achievements

Energy efficiency is an important source of pot@nBHG savings in California’s
electricity sector, however, the future levels némy efficiency achievements in the
state remain highly uncertain. To address thi®etamnty, we perform a sensitivity test
on the level of energy efficiency savings achiewedach scenario. Figure 13 shows the
impacts of higher and lower levels of energy edfiy savings on statewide revenue

requirement and average rates in 2020.

In the Natural Gas Only case, the baseline levehefgy efficiency is zero
energy efficiency beyond 2008. For this sensitjwie increase the level of energy
efficiency to reach the “High Goals EE” scenarithis higher level of energy efficiency
decreases the expected 2020 statewide utility teesquirement, because the energy
efficiency is cost-effective. Likewise, higher &ds of energy efficiency slightly increase

expected 2020 statewide average rates.
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In the Accelerated Policy Case, the baseline lefrehergy efficiency is the
“High Goals EE” scenario. For this sensitivity, decrease the level of energy
efficiency to the same level assumed in the Nat@es Only case, zero energy efficiency
beyond 2008. This sensitivity increases the 20¢@eted statewide utility revenue
requirement, and decreases expected average @tgataies in the Natural Gas Only

Case.

For the Reference case, the baseline level of gredfigiency is the “Reference
case” level of EE. The Reference case level ofsEfpproximately equal to the amount
of energy efficiency that E3 estimated was embediti¢ige 2007 California Energy
Commission electricity demand forecast, or abo,®Q® GWh of EE by 2020. For this
sensitivity we both increased and decreased thed GhEE achievements, equivalent to
the “High Goals EE” case and the “no EE” case. fEsailts of this sensitivity analysis

are shown in Figure 13.
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Higher levels of energy efficiency savings resuliower levels of GHG
emissions and vice-versa. The impact of the eneffigiency sensitivity on GHG

emissions is shown in Figure 14.
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4.3 Load Growth

The Reference Case has an average annual loachgnbwi2% per year, the
Accelerated Policy Case grows 0.3% per year andiitteral Gas Only Case by 1.6%
per year. A sensitivity test on each of theses&seun, increasing and decreasing load
growth by 0.5% per year. Figure 15 shows the irtgpatthis load growth sensitivity on
statewide average utility cost and average stateelectricity rates. The figure shows
that even relatively large long-term perturbationslectricity demand have relatively
modest impacts on total statewide electricity c@stisity revenue requirement) and

average statewide electricity rates.
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As load growth increases, greenhouse gas emissiorease and vice-versa.
Under the load growth sensitivities tested herergasing and decreasing load growth by
0.5% per year results in a GHG emissions changdadt +/- 9% in all scenarios.
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5 Impacts to California Electric Retail Providers

The GHG Calculator disaggregates the statewideageerost and rate impact
estimates for 2020 to forecast impacts on sevempings of retail providers for each
scenario analyze. The magnitude of the 2020 impact of each scemarian individual
retail provider or grouping of retail providersimgluenced by a number of factors in the
GHG Calculator. Here, we have highlighted a fewhef key factors that influence the

GHG Calculator’s estimate of retail providers’ 20&t and rate impacts:

- Generation Mix: including utility-owned generatidang-term power contracts
(for renewable, hydroelectric, nuclear or fossihgetion) defined here as
“specified generation,” and “unspecified generdtiand the resulting emissions

intensity of electricity,
- Current progress towards achieving Renewablesdfiortandard (RPS) targets,
- Energy efficiency achievements, and
- Load growth.
These key factors for each of the retail provideasleled in the GHG Calculator
are described below.

5.1 Generation Mix

Specified and Unspecified Power

California retail providers differ in terms of th@wnership and contractual
arrangements with specific generators. Theserdiifges, in turn, affect the impact on
retail providers of various policies including tR®S requirements and of cap and trade
policies. Therefore, we track specified power pases, to the extent that they were

known and publicly available as of 2008. “Specifipower, or specified purchases

% The GHG Calculator does not calculate cost arelimpacts to the Water Agencies category of retail
provider.
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include power purchase agreements, bilateral ccisteand utility-owned generation for
either conventional or renewable generation. Rptaviders’ remaining power purchase
needs, which are not met with specified purchaaesassumed to be met with
“unspecified power” purchases. In the GHG Calarlahe default emissions intensity
of unspecified power purchases is 1,100 lbs/@@Wh (0.5 metric tons C&MWh).

A retail provider’s share of unspecified power ghases increases its exposure to
changes in market prices for electricity from a aad trade program. Retail providers
with higher shares of unspecified power purchasesmre exposed to changing market
prices of electricity, because they have not lodkddng-term power purchase

agreements.

The 2020 share of specified and unspecified poareedch retail provider in the
Accelerated Policy Case is shown in Figure 17 beleADWP and SMUD have the
most contracted and utility-owned generation ofrétail providers modeled. As a
result, these publicly-owned utilities are expedtede relatively protected from
fluctuations in electricity market prices due te @ddition of a price of carbon on GHG
emissions. The “Northern Other” and “Southern @thetail provider categories which
include the state’s direct access customers havbigihest share of generation needs
which are met with “unspecified power” in the GH@I€Gulator, meaning that in the
model these retail providers are the most expasetidnges in the market price of
electricity due to the introduction of carbon paceHowever, the data availability
regarding long-term contracts and generation ovwngisontracts for the “Northern
Other” and “Southern Other” retail providers wakstigely poor. As a result, the results
for the Northern Other and Southern Other retail/lers are not as robust as the results
for the other retail providers.
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Coal-Fired Power Plant Ownership Shares and Long-Te  rm Contracts

Another indicator of a retail providers’ electricitosts are the relative share of
long-term ownership agreements and contracts wisi-itred generators. Long-term
power purchase agreements and other long-termamtunél arrangements between retalil
providers and coal-fired generators can resultanenstable electricity rates for
consumers and can act as a price hedge againstevaktural gas prices and other
fluctuations in short-term electricity prices. Hewer, coal-fired generation is also high

in GHG emissions and carries a £®ice risk.

Some existing contracts between California retail/wlers and coal-fired
generators are slated to expire between 2008 a2@, 20fact which is reflected in the
GHG Calculator default assumptions. Since coaldfigeneration contracts generally
deliver lower cost power than natural gas genamnadiod renewable generation, coal

contracts tend to lower a utility’s electric ratess a result, in the GHG Calculator,
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electricity rates generally increase for thoseilrptaviders whose current coal contracts
end before 2020.

Table 6 shows the coal-fired generators that hang-term contracts or
ownership arrangements with California retail pders. The table shows that SDG&E,
LADWP, the “Water Agencies”, and the “Northern Galnia Other” and “Southern
California Other” retail providers are all expectedsee existing contracts with coal-fired
generators expire before 2020. Under current Benéte Bill 1368), retail providers are
limited in their ability to renew contracts for neothan five years with these coal plants
(because the emissions rate of these generatagsaxa,100 lbs/MWh). For the
purposes of the GHG Calculator, we assume that#hiéornia utilities no longer

purchase generation from a coal plant once theiegisontract expires.

-9/ & (1,3 1¢( % (&3 &

Contract
California Retail Provider Coal-Fired 2008 LSE Share Expiration Date, if
Owner/Contract Holder Generator Unit# of Generator (%) Before 2020
SDG&E Boardman 1 15% 2013
Northern California Other 9% 2013
SCE Four Corners 4 &5 48% No
LADWP Intermountain 1&2 49% No
Southern California Other 30% No
LADWP Navajo 12&3 21% 2019
Water Agencies Reid Gardner 4 68% 2013
Southern California Other San Juan 3 42% No
Northern California Other 4 29% No
Southern California Other 4 10% No
Southern California Other Bonaza 1 6% 2009
Southern California Other Hunter 2 6% 2009

Emissions Intensity

Retail provider’s utility-owned generation, long+tepower contracts and

unspecified power purchases are used to foredadtpeoviders’ electricity emissions

intensity over time under different scenarios. Puoeelerated Policy Case results in a

dramatic decrease in the emissions intensity affallalifornia’s retail providers by

2020. The GHG Calculator estimates that the sideeaverage emissions intensity of




electricity will drop over 30% in the twelve yeagnmnd from 2008 to 2020, if the
Accelerated Policy Case measures can be succgsgsfipllemented. In the Accelerated
Policy Case, the average California emissions sitgiof electricity is expected to drop
from 0.34 tonnes/MWh in 2008 to 0.23 tonnes/MWR@20 (Sed-igure 1&igure18).

This reduction in electricity emissions intensgyaichieved through regulatory measures
and the replacement of existing coal contracts {eiver carbon power. The noticeable
dips in 2013 and in 2019 in the emissions intenslityetail providers in the figure below
are the result of large coal-contracts expiringgionan and Reid Gardner in 2013 and
Navajo in 2019). The effects of all other emissieduction measures, such as renewable

energy and energy efficiency, are assumed to eatlibetween 2008 and 2020.
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Figure 19 compares the emissions intensity of Guaili& retail providers in 2008
compared to the 2020 Reference Case and 2020 AatzlePolicy Case results. All
retail providers show dramatic reductions in enoigsiintensity from 2008 to 2020 under
both scenarios. In 2020, PG&E and SMUD are fortetcalsave the lowest emissions
intensity. This is because these utilities ardisafrom a relatively low-carbon
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generation mix in 2008. Of course these emissimesisities are only forecasts, and
individual retail providers could take any numbérctions between now and 2020 to
change their 2020 emission intensity.
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In other scenarios which include a carbon markdtaaprice on CQ(the
scenarios shown above do not include & @fxe), a retail provider’'s emissions intensity
and its share of specified and unspecified powechases become important indicators
for understanding retail providers’ estimated 2086t and rate impacts under different
methods of allocating greenhouse gas allowancesigay historic-emissions based
allocation, output-based allocation, etc.). Theawstpf these different allocation

scenarios on retail providers is discussed in 8e@i5.

5.2 Progress Towards RPS Targets

Another important predictor of the rate impacts aast changes is a retail
provider's 2008 level of RPS attainment. In the@HBalculator, 2008 levels of RPS

achievement are estimated for each grouping oil ptavider. Under the Reference
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Case, all retail providers are assumed to att2id%a RPS by 2010 and maintain this
level of RPS through 2020. Under the Acceleratelici? Case, all utilities are assumed
to attain a 33% RPS by 2020. Retail providers tiaat higher levels of RPS attainment
in 2008 generally see lower cost and rate impac2)P0 because they do not have to
procure as much additional renewable generationget the RPS targets. Figure 20
below shows that SMUD and SCE have the highest &8MePS attainment in 2008.
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5.3 Energy Efficiency Achievements

Energy efficiency achievements are another impogeadictor of cost and rate
impacts in 2020. Retail providers that achievénbrdevels of energy efficiency will
generally see higher rate impacts, but lower copéicts. Energy efficiency reduces total
sales, meaning that fixed utility costs must beagracross a smaller sales base, which
tends to increase electricity rates. Energy efficy reduces utility costs when an EE
program’s benefits to a utility are greater thartdtal costs. Figure 21 below

summarizes the assumed annual energy efficiendggsafor each retail provider as a
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percentage of their 2020 retail sales. The figin@ws that SMUD in particular, has high
expected energy efficiency achievements througl® 282a percentage of its forecasted

total electricity demand.
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5.4 Load Growth Forecast

Each retail provider’s relative rate of growth ledric sales is another important
determinant of rate impacts. Utilities with fasgeowth will generally experience
smaller increases in rates, since costs can bedbaer a larger customer base. Figure
22 below shows the relative rates of growth of eathil provider under the Reference
Case and the Accelerated Policy Case. The ActeteRolicy Case shows lower growth
for all retail providers because this scenarioudels more aggressive demand-side

measures, including energy efficiency and CHP.

-B3 -



/| & (B) ) /

2.0%

1.5% -

1.0% -

0.5%

0.0% T

-0.5%

Annual Average Retail Sales Growth (%)

< Q Q > > N4
Y ) Q) C @, S
N Q & SHES

O Reference Case MW Accelerated Policy Case

In the figure, SMUD has a relatively high levelgrbwth in retail sales under the
Reference Case. However, the utility’s aggressinargy efficiency targets in the
Accelerated Policy Case result in negative loadvgiiainder that scenario. Likewise,
LADWP has a relatively low annual average growtie ia the Reference Case, and a
relatively high level of energy efficiency savinigsecast in the Aggressive Case. As a
result, LADWP ends up with a forecast of negatoedl growth in the Accelerated Policy
Case.

5.5 Electric Retail Providers: Cost and Rate Impact

Comparison with No Carbon Price

The combined impact of the factors discussed abesdts in different 2020
utility cost and rate impact estimates for eachitgrovider modeled in the GHG
Calculator. While it is difficult to parse out tirapacts and magnitude of each of these

factors, some trends of note emerge.
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LADWRP is forecast to see the highest cost andinateases among the group of
retail providers analyzed here, in both the Refegebase and the Accelerated Policy
Case. This higher impact to LADWP is due to theabmed impact of LADWP’s
relatively inexpensive Navajo power contract exgrin 2019, which is then replaced
with more expensive electricity purchases in 2@20well as LADWP'’s relatively low
2008 RPS achievement and low forecasted load groimtthe Accelerated Policy Case
scenario, LADWP load growth is forecast to falhiegative 0.4%/year due to the
combined effect of energy efficiency, additionadtdbuted generation such as combined

heat and power generation, and a relatively initiad growth rate forecast.

However, despite the higher cost and rate impact\DWP estimated by the
GHG Calculator, the 2020 LADWP rates are expeatdaetapproximately equal to the
statewide average electricity rate in 2020. Téisacause LADWP's rates start from a
relatively low level in 2008. The three large IOSG&E, SCE and SDG&E) are all
expected to have slightly higher rates than LADWR020 under either the Reference
Case or the Accelerated Policy Case scenariosadilese utilities’ relatively higher
rates in 2008.

In contrast, SCE, SMUD and the Northern Other kgtaividers are expected to
see the lowest cost and rate impacts in the ActeleérPolicy Case, of the retail providers
analyzed here. This is due to these retail prosidelatively high RPS achievements in
2008 relative to the 2020 targets as well as tiedatively high load growth forecasts.
These retail providers also do not have any coatraots that are slated to expire before

2020, thus eliminating that as a source for poaébst and rate increases.

The cost and rate impacts by retail provider in@80Ad 2020 for the Reference
Case and the Accelerated Policy Case are showigine 2¥Figure23 andFigure
24Figure24 and inTable Aable? and 8 below.
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Retail Provider: Reference Case: Accelerated Policy

% changel/yr. Case:
% changelyr.

PG&E 3.3% 3-:9%3.2%
SCE 3.2% 3-8%3.0%
SDG&E 3.5% 4-6%3.8%
SMUD 2.7% 33%2.5%
LADWP 4.0% 5:6%4.6%
Northern Other 2.4% 3:2%2.1%
Southern Other 3.6% 4.7%3.9%
Total CA 3.32% 4.0%3.2%
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Retail Provider: Reference Case: Accelerated Policy Case:
% changelyr. % changelyr.
PG&E 1.6% 3-6%2.9%
SCE 1.2% 2:8%2.1%
SDG&E 1.4% 3-5%2.8%
SMUD 1.0% 3-4%2.6%
LADWP 3.34% 6.3%5.3%
Northern Other 1.3% 3:0%61.9%
Southern Other 2.5% 4:6%3.8%
Total CA 1.7% 3.5%2.7%
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6 Analysis of Cap and Trade Policies

6.1 Methodology

The GHG Calculator models the impact of a GHG poiceCalifornia’s electricity
sector and groupings of retail providers in 20Zbe GHG price is selected by the user
of the GHG Calculator; the GHG price is not deteraci endogenously within the model.
The underlying assumption is that by 2020, a nadtitor statewide, regional or federal
cap and trade program will be in place. We thee&ssume that the GHG price will not
be set by the California electricity sector aldmat, will be set by a combination of
policies and emission reduction costs across mectps of the economy. Thus, the
exogenously selected GHG price could be choseefliect California’s participation in
the Western Climate Initiative or California’s peipation in a federally sponsored cap

and trade market.

For most of the cap and trade scenarios analyzeq the GHG price is assumed
to be $30/tonne from 2012 through 2020. The selectf a $30/tonne GHG price is not
reflective of any presumption that this price is thost likely or most desirable GHG
price for California in 2020. Rather, $30/tonnesvgalected for these scenarios to reflect
a price that is neither very high, nor very lowor he purposes of this analysis, the most
interesting results come from comparing the redatmpacts of a GHG price among
retail providers. As a result, the absolute GH{&egselected is not as important to this

analysis.

In the GHG Calculator, the price of GHG emissioli@ances in a cap and trade
policy scenario increases the price of wholesaetgtity market purchases. The
wholesale market price of electricity in Californsagenerally set by the cost of natural
gas generation. Thus, a GHG price will generalbrease the marginal cost of
generation proportionally with the emissions intgnsf the marginal natural-gas fired
generation unit(s). One exception to this rulexgected to occur if GHG allowances are

administratively allocated to generators basedeir electricity output, in a policy
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referred to here as “output-based allocation.” e®ry underlying this policy choice

will be discussed further in Section 6.5.

In addition to affecting the market clearing prafeelectricity, the price of GHG
emission allowances is also expected to impactn#uginal cost of generation for fossil-
fuel power plants that do not operate in the whalkeslectricity markets, but which
operate under long-term contractual or ownershipgenith electric retail providers. In
these cases, the GHG Calculator assumes that albewaices are simply passed through

from generators to retail providers at the actoal of allowances for these generators.

Zero-carbon generation sources, such as renewabig\e large hydroelectric
generation and nuclear power, which are owned tayl fgroviders or which are under
long-term contracts with retail providers, are eotpd to have no carbon-compliance
costs. In the GHG Calculator, GHG allowance prabesot affect the electricity price
passed through to retail providers for these zarban generation units which are owned

or contracted by retail providers.

The GHG Calculator is also designed to investiffagerelative impacts of
different greenhouse gas allocation policy chome<€alifornia’s electric retalil

providers. Policy choices that can be modelethénGHG Calculator include:

Percent of GHG allowances that are administratiaitycated for free

versus auctioned to generators;

If administrative allocation is selected, perceindlocation that is based
on a generator’s historic (2008) energy emissi@rsus a generator’'s
current year output (GWh). Allowances may be ated either to all
generators, or only to fossil-fuel based generafibn

#|n the GHG Calculator, historic energy sales ased on simulated generation from the 2008 PLEXOS
model runs. This does not constitute a recomméd&dr how to administer a historic allocation iggl

In practice, allocation to generators based on thistoric output could be based on generationamyent

over a number of years, for example, to smoothvatiaitions in hydroelectric output.
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If auction is selected, percent of auction revetta¢ is returned to retalil
providers, either on the basis of the retail prevadyearly sales, or on the

basis of the retail providers’ historic (2008) esiigs>°

Greenhouse gas offset prices, as well as limitthempplicability of
offsets to meeting the electricity sector greenbayess allowance

requirement.

All of these policy variables can be adjusted dirae between 2012, when the
cap and trade market is assumed to begin, and 2Di2i8.means that the GHG
Calculator allows policy makers to analyze the ewst rate impacts of “transitional”

greenhouse gas allocation policies, which coulahgbdetween 2012 and 2020.

6.2 Impact of Cap and Trade on Western Region

The California Air Resources Board Scoping Plampaed in December 2008,
calls for California’s cap and trade program td ltwith other Western Climate Initiative
Partner programs to create a regional market sysieaohieve greater environmental and
economic benefits for Californid* One of the environmental benefits of linking a
California cap and trade program to other regionthée West is that such linkages may
reduce the opportunity for ‘leakage’ of greenhogas emissions and ‘contract
shuffling.” ‘Leakage’ is defined as a shift in gation which reduces GHG emissions
among entities that are regulated by a cap ane peagram, while increasing GHG
emissions among entities that are not regulatesl ¢tap and trade program. For example,
leakage would occur if California sought to rediiséGHG emissions by simply
importing more electricity from out-of-state, witltcfully accounting for the GHG
emissions associated with producing the out-okegpaiver. ‘Contract shuffling’ is an

action that reduces GHG obligations of an entigutated within a cap and trade

%9|n the GHG Calculator, historic retail provideriesions are based on 2008 estimates of greenhasse g
emissions. This does not constitute a recommes&ir how to administer a historic emissions-based
auction revenue return. In practice, historic emiss could be calculated for retail providers aged

over a number of years, for example, to smoothvauations in hydroelectric output.

31 callifornia Air Resources Board, Scoping Plan, addecember 2008, pg. 30. Available at:
http://www.arb.ca.gov/cc/scopingplan/document/addpscoping_plan.pdf
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program, without any change in actual power pla@rations or change in total GHG
emissions. For example, contract shuffling woutdw if a California utility sold one of
its out-of-state power contracts with a coal-fipgherator to an out-of-state entity, and
California then claimed credit for reducing its GHl@issions, despite the fact that the
coal-fired power plant continued to run and opejase as it had before the contract

changed ownership.

Whether or not leakage and contract shuffling bezamause for concern in a
California cap and trade program will depend onrthles and regulations in the cap and
trade program, as well as the geographic extetiteoprogram. Currently, both of these
factors are uncertain. As the final regulations@unding a cap and trade program are
designed, more research will likely be requiredeétermine appropriate market rules to

minimize leakage and contract shuffling.

The GHG Calculator analysis did not include an stigation of leakage and
shuffling issues in a regional cap and trade systelimwever, some research on this topic
has been undertaken by academic researchehs.addition, the Western Climate
Initiative has sponsored some analysis of sombexfd leakage and contract shuffling
guestions. On October 16, 2008, the Western Cérimatiative hosted an Electricity
Subcommittee Technical Working Session in Salt L@kg Utah which discussed issues
surrounding policies and regulations to limit theegmtial for leakage and shufflifig. A
WClI leakage analysis performed by E3 for this wogkgroup concluded that the

potential for leakage could be large, unless miiéidavith appropriate regulatidf.

Another environmental benefit of linking a Califearcap and trade program to
other regions is that a regional or federal capteam program could help to reduce the

emissions intensity of electricity imported intoli@ania. As part of the GHG analysis

32 See for example: Bushnell, James and Yishu Cheegtilation, Allocation, and Leakage in Cap-and-
Trade Markets for Cg)’ Center for the Study of Energy Markets Workingp@er, University of California
Energy Institute, CSEM WP 183, March 2009.

* Documents from the WCI October"1,62008 Electricity Subcommittee Technical WorkirgsSion are
available athttp://www.westernclimateinitiative.org/WCI_Meetimgevents.cfm

34 See WCI October 16, 2008 “E3 Leakage Presentativajlable at:
http://www.westernclimateinitiative.org/ewebedithtems/O104F20156.PDF
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undertaken in this project, E3 investigated thestjoa of what GHG price would be
required to change the operational patterns ofrabfjas and coal-fired generators that
are expected to be in operation across the WeBtentricity Coordinating Council
(WECC) in 2020.

Using the production simulation dispatch model PKESS a number of 2020
simulation runs were run, applying different GHGcps to all WECC generators. This
analysis found that, at a natural gas price of ¥KI81Btu and a coal price of
$1.01/MMBtu, natural gas generation does not bamitisplace coal fired generation in
the WECC until the GHG price rises to about $50#mnSignificant C@reductions, due
to the displacement of coal with natural gas, begicur once the C{price reaches
$60/tonne (Figure 25). If the price of coal warertcrease relative to natural gas, a

lower CQ price could induce changes to the natural gascaatipower plant dispatch.
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This WECC-wide CQprice analysis considered the impact of,(@@ces on
existing generation, which is expected to stiloperational in 2020. A WECC-wide cap

and trade policy could induce different investmaatisions in new generation build,
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which would also affect the total WECC-wide €i@vel in 2020. Estimating the
dynamic impacts of a WECC-wide cap and trade palicyuture investment choices is

not undertaken here.

6.3 Impact of Cap and Trade on California’s Electri  city Sector

There are a number of potential ways that a cagraxlé policy could be
expected to affect California’s electricity sectdiany, though not all of these impacts,
are modeled in the GHG Calculator. The potentigdacts of a cap and trade policy

include:
Change in the dispatch of existing generation;
Reduction in the emissions intensity of electrigmports;
New low-carbon generation investment;
Reduction in electricity demand due to higher eieity prices;
New low-carbon technology development and marketsiormation; and
Distributional economic impacts.

Existing theoretical literature and empirical seglof cap and trade programs on
sulfur-dioxide and nitrogen-oxide gases, suggestdhp and trade programs could
achieve emission controls at a lower total comgkacost than other approaches.
However, given the ambitious GHG reduction goals$ ¢aut for the entire state of
California under AB 32, complementary policies kkely to be necessary to achieve the
GHG target, in addition to market-based mechaniswis.find that a California-only
cap-and-trade system is likely to increase costisarelectricity sector without achieving
meaningful additional GHG reductions, beyond thel®f complementary policy
reductions, unless one of the following or a comabon of the following conditions

occur:
Carbon prices reach high levels ($100/tonneeC@ more);

Natural gas prices increase significantly (100%nore from the

Reference Case assumption of $7.85/MMBtu);
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Technology innovation reduces the relative cogbwtcarbon electricity
resources compared to natural gas generation¢londégy improves the

performance of low-carbon technologies significgntl

Lower-cost emission reduction opportunities arelakbe from other
sectors under the cap-and-trade program (thoughisrcase the GHG
reductions would come from those sectors and reekbctricity sector.
This condition would serve to reduce the cap aadercompliance costs
to the electricity sector, but would not reduce &sians from the

electricity sector).

The next sections discuss the analysis and reasmeslying these cap and trade
findings for California’s electricity sector.

There are potential benefits of a cap and tradgrpro as well. First, a strict,
well-enforced GHG cap in a cap and trade progranhdcleelp ensure that California
meets its 2020 GHG target if one or more of the@ementary programs in the CARB
Scoping Plan fall short of the expected GHG savihgsto unforeseen circumstances.
Second, if the California cap and trade prograrkslito other jurisdictions, as is currently
planned under the Western Climate Initiative, @alifa may be able to purchase lower-
cost GHG allowances than would be available in Ed&aia-only cap and trade market
or under additional complementary policies. TrgdBHG permits across a broad
jurisdiction has the potential to save Californiamsney while reducing global GHG

emissions.

Dispatch of Existing Generators

Part of the reason that a g@ice must be in the range of $100/tonne beforapa c
and trade program is likely to induce significanaoges in the California electricity
sector is because, unlike the WECC region as aemlibere lower GHG prices could
have an important impact on generation dispatehCllifornia electricity sector contains
very little coal-fired generation. This means tthegre is relatively little opportunity
within California to substitute natural gas fireehgration for coal-fired generation. The

CO, emissions that California attributes to coal-figaheration largely come from
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imported electricity through long-term contractsoamership arrangements with out of
state coal-fired generators. This means thatddéian of a CQprice on California
generators is not likely to change the dispatcloparational patterns of existing coal

generators relative to natural gas generators.

However, this could change if California’s cap dratle program were linked to
other jurisdictions, such as is currently proposeder the Western Climate Initiative.
Since there is a significant amount of coal-fireshgration in the Western Interconnect, a
regional cap and trade program has the potentig the balance between coal and
natural gas, potentially leading gas to displageesooal on the system (as described in
Section 6.2 and shown in Figure 25). If a regi@ag and trade program were
rigorously enforced, COprices could result in a switch from gas to cgaherating
significant reductions in GHG emissions and othgvartant environmental co-benefits.

Figure 25, in the previous section, demonstratatiiththe WECC as a whole,
CO, prices must be at least $50 or higher before niagasageneration is likely to be
cheaper than coal, using the Reference Case figel ggsumptions. Therefore, the
emissions intensity of imported electricity is hi&ely to change significantly unless the
CO, price rises above $50/tonne across the WECC akewdnd California’s retail

providers no longer have contractual obligationsrtport coal power.

Another challenge associated with attempting toau€€} price to change
generator dispatch comes from the physical reafifyower plant efficiencies. Power
plants already operate under strong economic inanto operate as efficiently as
possible in order to maximize profits. Improviig tefficiency of an existing thermal
power plant generally requires that it be entilgrhauled or rebuilt with newer, more
efficient technology. This means that in the shont, without building new power plants

and replacing older ones, it is difficult to impeothermal power plant efficiency.

The efficiency of a natural gas combined cycle poplant is an important
determinant of its variable, or operating costthia wholesale electricity market in
California, generators bid into the market basetheir marginal cost, and are
dispatched from lowest to highest bid. Figure Béves that currently, as long as

California generators are dispatched in econondemithen they are also dispatched in
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order of their emissions intensity: hydropower, leac power and renewable energy have
basically no marginal cost, as well as no GHG elmniss and are dispatched first. Gas
generators in California are also dispatched imenac order, from the most efficient
combined cycle units (CCGTSs) first to the leaskogght combustion turbines (CTs) last.
This dispatch order corresponds with their emissiatensity rank order. The
introduction of a CQ@price increases the variable cost of natural gaeation, however,

it does not change the relative costs of differattiral gas generators.

One exception to this rule is the state’s petroleoke (Pet Coke) generation
units. As can be seen in the figure, a $60 ort86k CQ prices can tip the balance,
increasing the variable cost of the petroleum aakies such that they are higher than the
variable cost of natural gas CCGT units. Howetrez,state’s petroleum coke units are
mostly located at industrial and refining facilgjeand/or are co-generation units. These
units are generally running primarily in supportimdustrial processes rather than
primarily as participants in wholesale electrigitarkets. This means that these units are
not likely to change their dispatch patterns dua ®HG price signal if it would disrupt
the industrial process they serve.
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Reduction in the Emissions Intensity of Electricity Imports

While California contains very little in-state cdakd generation, approximately
9% of the electricity sector’'s emissions (aboutriilion metric tons of CQ) is expected
to come from specified contracts with out of stadal-fired generators in 2020 in the
GHG Calculator Reference Case. These out-of-statbcontracts are currently cheaper
than wholesale electricity purchases because iargércoal is cheaper than the natural
gas that sets the wholesale electricity marketriclggrice in California. However, the
introduction of a CQ@price could change the relative economics of otgtafe coal

imports relative to California’s wholesale eledtyq@rices.

New Low-Carbon Generation Investment

A cap and trade program in California is likelyingrease the cost of fossil-fuel
fired generation relative to the cost of zero-carbad low-carbon resources. This
relative price change could encourage investmenew low-carbon generation

technologies. However, as long as natural gasaalkdremain relatively cheap
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(Reference Case assumptions of $7.85/MMBtu fornahggas and $1.01/MMBtu for
coal), the price of C@would need to rise above approximately $100/toraferle current
low-carbon generation technologies become econagtative to fossil-fuel fired

generation.

Figure 27 shows that, under current technologyscarstl fuel price costs, the cost
of reducing emissions with new renewable energyh(ttie exception of biogas) is above
$100/tonne of C@ This figure includes the average cost of delhngerenewable

resources located out-of-state to California.
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Reducing Electricity Demand due to Higher Electrici ty Prices

Another potential impact of a cap and trade progirathe California electricity
sector is increased prices of electricity. Afp@ce is likely to increase the price of
electricity by introducing a higher variable castiatural gas fired generation, which in
California, tends to set the wholesale market ahgaprice of electricity (this concept is

further discussed in Section 6.4). Generally, éigirices reduce the quantity of demand
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for a product, even for a necessary consumer godu &s electricity. If higher GO
prices reduce electric demand, and do not simpiedources of electric demand to
other regions of the country or the world, therap and trade program may be credited
with reducing greenhouse gas emissions in theralggtsector through the price signal

impact on consumer demand.

How much might electricity demand fall due to higkéectricity prices? This is a
guestion that economists have investigated for nyaays, using a metric known as the
elasticity of electric demand. In general, priesearch suggests that in the short run the
elasticity of demand for electricity is fairly lown the order of -0.1 to -0.3, because
electricity is usually a necessity rather thanxaity good®®> This means that a rate
increase of 10% due to the introduction of a,@fice on electricity would reduce
consumption by 1% to 3% between 2008 and 2020s [€kel of demand reduction
would save about 2 million metric tons of €0n the short-run, we do not believe that
reductions in electricity demand, due to highectieity prices, represent a major source

of GHG savings.

In the long-run, consumers can adapt to highetretéy prices by finding ways
to reduce their electricity consumption, largelsotigh the adoption of more energy
efficient technologies. The high levels of eneeffjciency included in the Aggressive
Policy case are likely to reflect the long-run priesponse of consumers to the higher
electricity rates that result from that scenario.

New Low-Carbon Technology Development and Market Tr  ansformation

A higher market price for electricity and a @®ice could drive new technology
innovation, resulting in new sources of emissiatuaions. The ability of a cap and
trade program to harness the power of market inmmv#hrough profit making
incentives has historically been a powerful argunmeifavor of market-based policies
such as a cap and trade program. However, predibbw, when and under what

circumstances technology innovation is likely tewcis fraught with difficulty.

3 Energy Information Agency (2009), “Assumptions e tAnnual Energy Outlook 2009,” Report #:
DOE/EIA-0554(2009). http://www.eia.doe.gov/oiaf/éassumption/index.html
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Although it is certainly possible that a cap aratler program, or any other emission
reduction program, will drive technology developrmand market transformation in new

low-carbon technology, we do not seek to model effisct.

Economic Distributional Impacts

The introduction of a cap and trade program inévwits creates differential
distributional impacts across different regionshef state and among different types of
electricity consumers and producers. Indeed, afgypthat seeks to change the status
qguo will inevitably have some distributional impscamany of which could stimulate
positive change. The CPUC and CEC have statectbap and trade policy should
result in, “equitable and fair treatment of margatticipants.®® This consideration
underpins the analysis described in the followiegti®sn, which considers some of the
distributional impacts of a cap and trade policfalifornia’s electricity sector. The
next section of this report begins by considerhgdistributional impacts between
producers and consumers in the electricity segemgrators and loads), and next

considers the distributional impacts between défferretail providers in California.

6.4 Producer and Consumer Surplus Impacts of CO  ,Price on

Electricity

Under almost any cap and trade program (or cardpopriogram) a Cgprice on
electricity will increase the market clearing prafeelectricity. This will lead to an
increase in producer surplus (additional profits)lbwer emission generators at the
expense of consumers. This is because in Cal#dhare is a single market clearing
price for electricity which is generally set by matl-gas fired generation. The stylized
example in the figure below demonstrates how a [@2i0e increases producer surplus for
most generators. Initially, the market clearingerof electricity is “P”; as determined by
the price point at which electricity demand is ddaalectricity supplied. All generation
which has a lower variable cost than the final getoe that is required to meet supply

obtains producer surplus equal to the differenadénmarket clearing price and their

3% CPUC Decision 08-10-037 in Rulemaking R.06-04-Qfif}, 144.

-70 -



variable cost. A Cgprice increases the variable cost of fossil-fugjederation,
resulting in a new, higher market clearing pricelektricity, “P*”. The new, higher
electricity price increases the producer surplusfty generator with a lower emissions
intensity than the marginal generator. This resultan increase in ‘rents to clean
generation’ equal to the difference in P* and R kb® generator's change in variable
cost due to the C{price.
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If GHG allowances are allocated to generators dfezost, another source of
benefits is accrued to the generators that recbevéree allowances. This benefit is
known as ‘allowance rents.” Allowance rents camdmouped by the state if GHG
allowances are auctioned rather than allocate@nem@gtors free of charge. However the
‘rents to clean generators,’ due to a higher malegtring price of electricity, cannot be
recouped through an auction. Even under an aydtiermarket clearing price increase
will lead to an increase in producer surplus wthilad state, or consumers, cannot recoup.
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If CO,allowances were auctioned to generators at acl&aring price of
$30/tonne, and if these auction revenues weremetuto California retail providers, the
GHG Calculator estimates that the state would pegdalitional $500 to $700 million in
2020 in the form of producer surplus to generatétslative to California’s expected
2020 electricity sector annual costs of about $8@, this rent to generators would
represent an electricity sector cost increasessf flean 2%. This cost calculation
assumes that low-carbon generation which is cugrerther owned or in long-term
contracts with utilities will not reflect the cham@ electricity market clearing prices in
their power sales. The details of specific longrg@ower contracts would need to be

analyzed if this assumption were to be furthemesdi

6.5 Impact of Cap and Trade Policy on California’'s  Electric

Retail Providers

The Joint Decision’s recommended approach for #peand trade allocation
policy in the electricity sector by 2016 is a faliction. A full auction means that a
generator must purchase, in an auction, the an@@BHG allowances that it will need
each year, in an amount equal to the generator'& @Hissions. There are three main
policy options to allocate the revenue generatechfa GHG allowance auction: 1) the
auction revenue could be spent by the state outdittee electricity sector; 2) the auction
revenue could be returned to retail providers enbfisis of their historic emissions; or 3)
the auction revenue could be returned to retavideys on the basis of their current retail
sales. Some combination of these three optiopessible as well. Figure 29 shows the
2020 impact to retail providers of three differeptions for the auction and revenue
return of GHG allowances. These three optionsjrasy) a $30/tonne C{price, and the
impacts of those options on retail providers in@C#e described below:

o Auction, no revenue returninder this policy, utilities see the highest casd
rate impacts. Costs are highest under this ofemause the revenues from the
auction are used by the state for purposes otherréimbursing electric retail
providers. Under this option, costs and ratessiase between 3% and 10%
higher in 2020 than they would have been undeAtweelerated Policy Case
with no GHG price.
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o Auction, 100% revenue return based on retail prostchistoric emissions:
Under this policy, retail providers that have higtally had higher GHG
emission are compensated with a higher allocatiddHG emissions
allowances. This policy would benefit retail praders with a historically higher
emissions intensity. In the GHG Calculator, LAD\&#ts lower costs and rates
under this policy in 2020 relative to the AccelethPolicy Case with no GHG
price. Even though the Northern Other retail pdevs have a relatively high
emissions intensity, this grouping of retail praansl still shows a relatively high
cost and rate impact under this policy. This isause the Northern Other retail
providers have a high proportion of “unspecifiedvpo purchases”, meaning that
they are more exposed to higher market priceseatrtity due to the GHG price
than other retail providers with a lower share m$pecified power purchases.

o Auction, 100% revenue return based on retail salelsider this policy, retail
providers receive GHG allowances based simply eir thtal retail sales. This
policy means that the retail providers with the édstvGHG emissions intensity
(GHG emissions per MWh of sales), fare the bestceSPG&E and SMUD are
forecast to have the cleanest generation mix iifd@aia, these retail providers
would actually see a decrease in their rates di@dgolicy, relative to the
Accelerated Policy Case with no GHG price. Rairoviders with relatively
carbon-intensive generation mixes, like LADWP, &athern Other would see

higher costs impacts under this policy.
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In general, all of the cap and trade policies aredyhere result in higher costs
and rates for the all of the retail providers, reggss of which policy is pursued. This is
because the GHG price is expected to increase dnkeetclearing price for electricity,
and these costs will be passed through to custont&g/ever, if no auction revenue is
returned to utilities, the rate impacts are likiglyoe highest. In this analysis we assume
that when auction revenue is returned to retaivioers it is used to reduce utilities’

revenue requirement.

It is possible that a policy could be developed rebg auction revenues that are
returned to retail providers could be ear-markedfber purchases besides rate-impact
mitigation. Auction revenues could be earmarkedaftditional spending on renewable
energy above baseline RPS targets, or for enefigyesicy above stated efficiency
targets. However, given that money is fungibleyould be difficult to enforce any
earmarking of auction revenues in practice. Assalt, we did not analyze the impact of

required spending of auction revenue in this amglys
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In analyzing various cap and trade allocation otjaghe CPUC and CEC
considered a number of criteria. In their finahjalecision on GHG regulatory policy
options (D.08-10-037), the CPUC and CEC statedalwatp and trade allocation policy
should minimize costs to consumers, treat all ngvketicipants equitably and fairly, and

support a well-functioning cap and trade marketmagnother objectives.

The Final Decision recommends a cap and trade appror the electricity sector
that seeks to balance among these objectivedelddcision, in the initial years of the
proposed cap and trade program, 80% of greenh@ssallpwances would be allocated
for free to fossil-fuel generators, based on thest-weighted generation output. This
allocation approach would be phased-out, suchbih2016, none of the allowances
would be freely allocated and 100% of greenhouseatjawances would be auctioned.
The CPUC and CEC recommend that by 2020 retailigpeos should be allocated GHG
allowances (which would then be auctioned to genespbased entirely on their current
level of retail sales. The transition schedulerfra combination of auction and
administrative allocation policy choices to an auttvhich is closest to the Joint

Decision recommendations is summarized in Figurbe&3ow?>’

3" The transition to full auctioning is based on saene transition schedule included in the Joint Seni
This transition schedule for the return of auctiemenue was included in the Joint Decision forstitative
purposes and does not represent a formal recomtiemdby the Commissions. While the Commissions
recommended that all auction revenue be returneetad providers, the Joint Decision did not pae/ia
specific rate of transition from auction revenutine based on historical emissions to auction regen
return based on sales.
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In their final decision, the CPUC and CEC conclutteat this relatively rapid
transition from a partial administrative allocatitana full auction is preferred. The initial
free allocation of allowances to generators oneddiifferentiated basis would mitigate
economic harm to, “the range of market participamtfie electricity sector, including
customers, retail providers, and deliverers” inghdy years of the cap and trade
program. In addition, the decision finds that, sibuting some free allowances to
deliverers would reduce short-term impacts on gaimey resources, and would help
generators adapt to the new regulatory environth&hfrhe decision also recommends
transitioning to an auction relatively rapidly,onder to, “preclude windfall profits from

allowance rents to independent deliverérs.”

% CPUC Decision 08-10-037 in Rulemaking R.06-04-Gdidings of Fact, paragraphs 31 & 35, pg. 288 —
289.

39 CPUC Decision 08-10-037 in Rulemaking R.06-04-08dings of Fact, paragraph 30, pg. 288.
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Many combinations of different cap and trade pobggions were evaluated in
the GHG Modeling proceeding and presented to sta#lers. Some options are more
economic for lower-carbon retail providers, whitber options are more economic for
higher-carbon retail providers. In the GHG CalteaE3 created a scenario reflecting
as closely as possible the recommendations of é¢GCand CEC in the final Decision
08-10-037. However, the GHG Calculator is not glesd to model fuel-differentiated
output-based allocation, so this recommendatiowiseflected below. The impacts to
retail providers of the cap and trade allocati@msition scenario described above are

shown in Figure 31 below.

For simplicity, we assume that the market cleaprige of CQ allowances is
$30/tonne between 2012 and 2020. The assume@i@@ affects the overall magnitude
of cost and rate impacts due to cap and tradeips)ibut does not impact the relative
effects of different policies between retail prasig. In all years of the program,
compliance costs are lowest for the low-carbomisitee retail providers, including
PG&E, SMUD and SDG&E, and highest for higher-carbdensive retail providers.
This outcome is consistent with the CPUC/CEC’s judgt that, “equity dictates that we

move to a market in which the ‘polluter pay&®”

In the early years of the cap and trade programglapercentage of electricity
sector allowances are allocated for free to geaesdtased on the “fuel differentiated
output” criteria. Output based allocations of GH&wances are especially beneficial to
retail providers that are assumed to have a higpgstion of utility-owned, or long-term
contracts with fossil-fuel based generators in 282@h as SMUD and SDG&E.

40 CPUC Decision 08-10-037 in Rulemaking R.06-04-Qfif}, 146.
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The fuel-differentiated output based allocatioryrabso have the potential to
mitigate windfall profits to generators throughoafbnce rents. Some researchers have
theorized that an output-based allocation will Helfimit increases in wholesale
electricity prices by providing generators withiaoentive to increase their output. This
is because under the output based allocation pamyerators only receive GHG
allowances in proportion to the power they prodtice.

The argument that an output-based allocation coelpl to mitigate increases in
wholesale electricity prices was deemed “somewhbedyasive” in the Joint Decision,
although this outcome is not relied on as a catér endorsing the output-based
allocation method in the early years of the captaade prograni® Indeed, electricity

markets are not perfectly competitive, and theusicin of a market value for GO

*L Fisher, Carolyn and Alan Fox, “Output-Based Allbmas of Emissions Permits: Efficiency and
Distributional Effects in a General Equilibrium et with Taxes and Trade,” Resources for the Futur
Discussion Paper, December 2004, RFF DP 04-37.

2 CPUC Decision 08-10-037 in Rulemaking R.06-04-0fif,211.
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emissions may still lead to some wholesale markeepncreases. A more detailed
analysis of actual market function, as well as iotp@n existing and new long-term
power contracts, would be necessary to evaluateltimeate impact of an output-based

allocation on market prices.

6.6 Concluding Notes on Cap and Trade

The impacts of a cap and trade policy on Califésnédectricity sector could have
important distributional impacts to the state’siigbroviders, as well as to electricity
producers and consumers. A carefully designedaodprade program will need to
balance the multiple, competing policy objectivasl lout in the Joint Decision. These
objectives include minimizing costs to consumeesting all market participants
equitably and fairly and supporting a well-funciiogncap and trade market, among

others.

There are several key policy choices that coulg tekensure that as many of the
Joint Decision’s stated objectives are met. Thaysis has highlighted some of the
distributional impacts of different policy choices the state’s retail providers. While
some policy choices are beneficial to lower-carlmansive retail providers, other
policies are more beneficial to higher-carbon istea retail providers. In all cases, we
find that retail providers that own low-carbon gext®n resources are better off under a
cap and trade policy than are the retail provitleas are more exposed to market

purchases.

Some of the key policy choices, which policymakeiisneed to consider as they
design a cap and trade program include:

0 The rate of transition to an auction-based allocati mechanism from various
allowance allocation approache#&ssuming that the goal of a cap and trade
program is to end up with a system where the “petlpays”, an auction is the
best way to ensure that this objective is met. hEigemissions generators benefit
from an historical emissions-based allocation.eRgected, and desired, the

introduction of an auction in a cap and trade podinvironment benefits cleaner
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generators. The question then becomes, how quigkiythe electricity sector
adapt to new market rules where the GHG emissiolistpr pays? The Joint
Final Decision concludes that a transition peribtbar years (2012 — 2016) from

a free allocation to an auction is an approprigedition period.

o0 The use and allocation of auction revenues, and htiws changes over time.
Auction revenues could represent a significant mereesource for the
government, depending on the final price of GHGwénces. Auction revenues,
or auction revenue rights, could be distributednmalmost unlimited number
ways, for any number of purposes. This analyssssh@wn that if auction
revenue rights are not returned to electricity comars, their costs and rate
impacts will be high, and will increase in proportito the price of GHG emission
allowances. However, even a full refund of auctiewvenue rights to electricity

consumers cannot mitigate all cost impacts.

Other key policy choices, which we have not ingggd as part of this analysis
but which deserve further investigation include degree to which offsets are allowed to
meet GHG allowance obligations and what types fsied$ are allowed what conditions.
Another important consideration is which sectorthefeconomy are to be included in

the cap and trade market, under what timeframeuaddr what conditions.
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7 Conclusion

In passing the Global Warming Solutions Act of 2006lifornia took a firm step
towards reducing its greenhouse gas emissiongoavatds developing the expertise and
knowledge of how to implement a comprehensive, inseittor greenhouse gas reduction
strategy. These lessons and early actions in mmgaiéing GHG reductions in California

have already influenced energy policy at the fedexeel.

For example, in mid-2009, the U.S. Environmentait&tion Agency granted
California permission to implement stricter vehielaissions standards than are currently
required under federal law, effective immediatelihese vehicle standards are a critical
component of the state’s overall strategy to redskElé&s emissions and achieve the goals
in AB 32. As a result of California’s efforts omis front, thirteen other states and the
District of Columbia plan to implement similar stkamnds. In addition, the EPA and the
U.S. Department of Transportation are developingmatible federal GHG emissions

standards and fuel economy standards.

California’s experience in developing, analyzingl amplementing policies to
reduce greenhouse gas emissions from the elegts®itor has applicability for GHG
policymaking in other regions and arenas as wHtlis analysis has shown that achieving
significant greenhouse gas reduction policies éndlectricity sector may be possible to
achieve with manageable cost and electricity ratesiases. Achieving high levels of
energy efficiency turns out to be the most critel@iment in keeping GHG compliance
costs at manageable levels, by reducing emissioestlg and by reducing the amount of
more expensive renewable generation that must tehased to meet the state’s RPS

goal.

This analysis also finds that electricity sectastsare likely to increase between
2008 and 2020 regardless of what policy optiongarsued. This is due to increasing
costs of generation of all types. However, thiglgsis does not find a huge GHG
emission reduction benefit from a cap and tradepah California’s electricity sector.
It is possible that significant technology breaktighs in the electricity sector could
make a cap and trade policy more effective, by favgethe price point at which low-
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carbon generation options can effectively compete eonventional fossil-fuel
generation. However, in general, we find thataisipport and policies to encourage
low-carbon generation and energy efficiency arelyiko have a bigger, more direct
impact on transforming the electricity sector tlaacap and trade policy.

While this study has highlighted some key consitilena of cap and trade
policies in the electricity sector, many of the trakctor cap and trade and emission
reduction policies have not been analyzed in dapthremain poorly understood. One
particularly relevant area for multi-sector anadyisi the relationship between the
transportation sector and the electricity sectoelactric vehicles mover closer to
commercialization. How the transportation secaoid especially electric vehicles, will
affect a future cap and trade market remains awitapt area for future research both in
California and at the federal level.

As part of currently proposed federal energy legish, cap and trade policy
choices are currently being debated in Washingt@ Or'he Senate committees are
working to develop an energy and climate bill tonpdement the bill that was recently
passed by the House of Representatives, the “Aarefidean Energy and Security Act”
of 2009 (H.R. 2454). These developments at thertddevel raise the stakes for
California, because California will want to ensthiat a federal program represents a
desirable approach for the state, especially iféderal program supersedes the cap and
trade program under development in California.

Many of the issues that this report has identifieghrding the distributional
impacts of different cap and trade policies on fGatiia electricity retail providers are
also applicable to a national analysis, where statel regions are important players.
California as a whole is a relatively low-carboatstcompared to the rest of the nation,
with a relatively high share of utility-owned geaton compared to many de-regulated
jurisdictions in the East. These state and regjieleatricity sector differences are
already playing a large role in the climate polh®gotiations. As a result, it is important
for all parties to have a clear, analytically suped basis upon which to evaluate policy

choices.
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