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SUMMARY FOR POLICYMAKERS

California is a global leader in the clean energy transhiaving metts 2020 economyvide
targetof reducing greenhouse gas (GHG) emissions below 1990 levels four years ahead of
schedulé: The state is now workirtgward a 2030target of reducing emissions 40 percent
below 1990 levels, meaning statewide emissions must fall below 260 mitdn tons(MMT)

of carbon dioxide equivale(€Qe)?

I FEATFT2NY AL Qa Y2ai sEBBSoidiof 424MI SHCEANNRB17,Rd hittihg & K 2 &
the 2030 target will require reducing emissions by an averageMMIBof CQe annually, or
nearly double the annual rate ofMMMT of C@e over the past decacke

We devebped a California version of tEmergy Policy Simulatorot { 0 (2 FylFf&il S (K
expected future emission trajectory and the likelihood it will deliver the reductions needed to

YSSG /FEAF2NYALFIQa wnon SYAaairzya 3I2Ffd ¢KS /|
reduce 203@missions by more than 100 MMT@®e, butleave emissions about 25 MMT

CQe above the2030target.

The model also identifies and evaluates a set of six preferred policies that together hit the
emissions reduction goal. Policy recommendations wexféeck to reach the 2030 target based
on maximizing costffectiveness and political feasibility while reducing technological risk.

The model finds these policy recommendations yield direct economic benefit$ oflan,

calculated as the present valaecumulative economic effects through 2030he model also
estimates the monetary value of avoided costs due to climate change damage and public health
improvements due to cleaner air. Health and climate effects, referred to as social impacts, are
estimaed at $14billion cumulatively through 2030. Economic and social impacts g24lilion
through 2030.

The EPS evaluates econewige carbon pricing and dozens of seetpecific policies, enabling

new visibility intothe effectiveness alifferent combnations of climate policie$he models
transparentopen soure, and freely downloadable, and it has undergone extensive peer review.
Model users are able to investigate policy effects by dialing their strength up or down. We offer
the option of runnig the full model or a webnabled version, which runs in real time and
displays about 100 prerepared data visualizatiofs.

1 Assenbly Bill 32, which passed in 2006, established the 2020 target.
2More precisely, the target implies a limit of 258.6 MMT ofed60 percent of 431).

3The historical rate is calculated by comparing 2017 emissions atMRA. ICGe with 2007 emissions at 490MMT CGe,
showing a difference of 66.Yielding the calculation 66.7/10 = 6.67 MMT&¥®ar. The future rate is calculated as
424.1¢ 258.6 = 165.5 over 13 years, yielding 165.5/13 = 12.73 Miyelyear CARB 2019

4 All monetary values are expressed as net present value in 2017 dollars with a 3 percent discount rate.
5 Available atalifornia.energypolicy.solutions



https://www.arb.ca.gov/cc/inventory/pubs/reports/2000_2016/ghg_inventory_trends_00-16.pdf
http://www.california.energypolicy.solutions/

POLICY RECOMMENDATIONS
The firstfour recommendations strengthen existing policies:

1. Fortify capandtrade designby explicitlylinking progam emissiompermit pricesto the rate of
statewide emission reductions B\ B F 2 NY Ay 3 (1 KS [IWB @ilchuli Qrice LINA O S
accepted at emission permit auctions. The-aagl NI RS LINE AN} YQ& LINKA OS ¥
more quickly iemissionsare notdecreasingt a pace consistent with the 2030 target.

2. Ratchet up clean energy standards on electricity sufglyate Bill 100 sets a 60 percent
renewable electricity standafdr 2030.The recommended enhancement increaze
emissiorelectricity supply by @ercenr, reducing sector emissions to 38 MEITCQe. This
level was chosen to align with modeling performedifé¢ S & { lrin $l@naingfp@ogss,
which also informs the addition déxibilityresources to the electricity sgsh to ensure
supply reliabilit{Caifornia Public Utilities Commission 2049

3. IncreasdransportationsectorambitionA Y ONB I & A yZ8ro énfis8on dichitighBte &
7.5 millionvehiclesy 203Q up from the current objective of 5 million. The goal is achieved in
the modeling by ioreasing the zeremission vehicle mandate boost the fraction of zero
emission vehicles t65 percent of newcar and light truck sales 2030.

4. Accelerate building electrification, aiming émlvanced electric heat pumpsrepresent at
least 5Qpercent of new sales of water heaters and space hefderssidential buildings,
including units for new construction and replacements in existing buildings.

Thetwo remaining policy recommendations involve new initiatives:

5. Establish a zero emissiparformance standard for heapplied to the industry sectorhis
policy wouldump-startthe use of existing cogfffective solar thermal heat, a mature and
proven technology, while encouraging development of emerging zero emission options

6. Introduce a GHG emission performance standard for cement and concrete production.
Cement is the largest source of coal combustion in Califéfoadl Efficiencintelligence
2019, and is an exciting area for techndlmginnovation Rissman 2018

The two new policy initiatives merit addital explanationindustrial zero emission heat

performance standards are unprecedented, to our knowledge. The policy could be initially

calibrated based on the large potential for solar thermal steam to reduce natural gas use for oll
extraction. Oil extiction represents a surprisingly large stew® / F t AT2NY AL Qa4 Yy I (dz
demand 15 to20 percent and more tharf0 percentof energy used for petroleum extraction

goes to generating steam for enhanced produc{l@¥ 2015k Our recommended policy is

6 Flexibility resources are methods that electricity system planners use to ensure electricity supply is sufficient tdkmeet pea
loads, as necessary to ensure system reliabilityn®@deling uses two flexibility resourcesttery storage and demand
response (the ability to reduce peak demand, especially by shifting electricity loadgeakofferiods).

Vi


https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/2019%20IRP%20Proposed%20Reference%20System%20Plan_20191106.pdf
https://buyclean.org/media/2019/04/CA-Cement-benchmarking-report-Rev-Final.pdf
https://buyclean.org/media/2019/04/CA-Cement-benchmarking-report-Rev-Final.pdf
https://energyinnovation.org/wp-content/uploads/2018/11/The-Role-of-Cement-in-a-Carbon-Neutral-Future.pdf
https://www.glasspoint.com/media/2015/02/ICF_Impact-of-Solar-Powered-Oil-Production-on-Californias-Economy_January-2015.pdf

calibrated to achievkalf of the potential CHdentified forsolar thermal steam substitutioffCF
20195.

As other technological options reach commercial viability, they can be integrated ini@stha

of the proposed zero emission heat performance stand8alar thermal energy has thus far

been unable to costffectively deliver the very high temperatures needed to produce materials
like cement and steef Pasadenaompanyhas achieved such high temperatuvagh solar

thermal technology by leveraging the latest sensors and software, though the venture is not yet
cost competitive Temple 2019 Another promlsmg emerglng option for zero emission heat for
industrial use involves LT

combustng hydrogen
produced from electrolysis &
powered by renewable
electricity.

The recommended GHG
standard for ementand
concrete production focuses
on emission performance
but remains technology

neutral, allowing it to AN advanced solar thermal plant built in Lancaster California, has
automatically adapt if more successfully reached the very high temperatures needed for many indus
processes. Photo sourt¢teliogen

costeffective options
emerge. Roughly 90 percent of emission reductions in the California EPS are achieved by
retrofitting existng plants focarbon capture and sequestration technology, which extracts
carbon dioxiddrom pollutant outflows for storaga existing underground reservaifhe
remaining reductions are expected from a new method for reducing the emistoisive
inputs required to produce a unit of concrete (while increasing quality).

Alongside this GHG standard, we recommend establiahwogder carbon adjustmemnequiring
cementand concretamports from jurisdictionswith weaker climate policids pay a fedo
account fortheir embeddedunregulated GHG emissiofs border adjustment would levidle
playing field in the California market forstate producersAssemblyBill 398 (California
Legislature 20)y7recommends considerirsgich an approachAlthough a border adjustment
policy will carry legal uncertainty until tested in court, this instrument merits serious
consideration as a potentially valuable means to manage competitiveness concerns.

7 Section 38562.b.2.1.
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https://www.glasspoint.com/media/2015/02/ICF_Impact-of-Solar-Powered-Oil-Production-on-Californias-Economy_January-2015.pdf
https://www.glasspoint.com/media/2015/02/ICF_Impact-of-Solar-Powered-Oil-Production-on-Californias-Economy_January-2015.pdf
https://www.technologyreview.com/s/614733/how-heat-from-the-sun-could-help-clean-up-cement-and-steel/
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398
https://heliogen.com/press-release-heliogen-achieves-breakthrough-temperatures-from-concentrated-sunlight-for-industrial-processes-with-momentum-toward-commercial-hydrogen-fuel-creation/

CURRENT TRAJECTORWALYSIS

¢ 2 S@I t dzl (c8rrent enfissidh Zrajdftary, Wedprogrammed the model with parameters
representing existing policy commitments. In tisrent Trajectory Scenario, existing policy is
broadly defined to include rules backed by the force of law as well as stated commitsnehts

as goals set by executive order. The scenario assumes puaidcasn as expected based on the
aidl dSQa Y 2-tein phdicy®yeicisef tReyCalifornia Air Resources Board (CARB) 2017
Scoping PlarCARR0173 CARB 20178

While the Current Trajectory Scenario generally assumes successful policy implementation, the
expectation witiNB & LISZdra iI2A Vil 6 S O2 YYdzy A (G @Undeiithdl § ST A Sa¢é
Current Trajectory Scenario the policy is half as effective asdngg planning had expected.

Sustainable community strategies encompetfsrts to build walkable neighborhoodesé to

jobs and to diversify mobility choices, thus shortening commutes and reducing the need for car
travel. This policy is promising given its large carbon mitigation potential arestablished co
benefits related to health, traffic congestion, andality of life. Nonethelesstate-level efforts

thus far have been hampered by lack of direct authority. Land use and transportation decisions
are mostly under local control, and new data shows that motor vehicle miles traveled per capita
are increasinggain after a period of declin€ARR0189. The Newsom administration is

revising its approaches under current law, and it is possible new legislation could expand state
policym&er authority .Still, the setbacks in this area must be considered in charting a path to the
2030 goal. The level of effectiveness was selected in an effort to balance these factors.

We also use the California EPS to develop a range of possible futss@prautcomes, testing
different assumptions about policy effectiveness.

 TKS afcmkSdehado modelthe future emission path with a highitan-expected
carbon price, reaching $63 per metric ton in 2030. By comparison, the Current Trajectory
Scenario assumes the carbon price reacl28gp#r metric ton in 2030.

 Thed dzLJLISNJ 6 2 dzy R¢ & O Sgemisstor pathf 2 rRoff vahiclé &flsienydmiddz
electrification progress are frozen at 2020 levéile Trumpadministration has sought to
NEF21S FSRSNIE | LIIINROLE 2F [/ FEAFT2NYAIFI Q&8 SEAS
remains uncertain. Thobhghot predictive, the scenario does illustrate the importance of
vehicle standards to the current strategy.

8 The Current Trajectory Scenario is calibrated to reflect pokicies 1 KS nnmt { O2 LAy I -terniskrategy / | £ A T2 NY |
document, plus two policies taking effect later: the 60 percent renewable electricity standard and the increase of ttmfow ca
fuel standard to 20 percent.
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https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
https://www.arb.ca.gov/cc/scopingplan/2030sp_appd_pathways_final.pdf
https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf

Figure E&. Emissions under Current Trajectory Scenario and varying assumptions
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Source: California EPS

Figure ES graphs these results, widxisting policy driving emissions down more than
100MMT of CQe by 2030 Nonetheless, the Current Trajectory Scenario finds that the current
trajectory leaves emissions in 2030 roughly 25 MMIQe above the target in the central case.
Sensitivity analysis finds 2030 emissions exceed the targ8t48/MMT of CQe.

ECONOMIC AND SOCIAL BENEFITS

The EPS evaluates economic impacts by comparing the amount of spending demanded by the
energy system undalifferent scenarios. A policy lowers cost if energy demand can be met with

f 26SNJ SELISYRAGAZNBE (KIy GKS aéaiasSy 62dzZz R NBIj dz
impacts of the policy recommendations in the report, results are calculated in compariken

Current Trajectory Scenario.

al ONPSO2y2YAO AYLI OGa NP o60Seé2yR (KS Y2RSf Qa
economic effects. In the private sector, it accountépital, fuel, and other operational

expendituredor businesses anabuseholdsin the public sector, it tracks government



expenditures and revenuEor the three new building and industry sector policies, it estimates
and includes new program development and administration costs.

Figure EQ. Components of cost atiwkir net effect by year
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Source: California EPS

Figure E& graphs the building blocks of overall cost and the results of their summaiien
GbSFFTSOG¢ OdznENE pravides Rsightlinto thé atigins of the estimated economic
benefits. Reduced fuel spending after carbon price revenue rebating is the main driver. In turn,
fuel savings are a function of greater conservation and more efftapital, i.e., more energy
efficient consumer goods and business equipment.

Policies promoting electric vehicle use offer a concrete example of how eicggnt capital
saves money. Because electric vehicles are about three times more efficiemehiaas with
internal combustion engines, they cost about three times less to operate. The model accounts
for related rebound effectsincreased driving following the adoption of efficient vehicles that
cost less to drive.

Conservation effects are largettributable to enhancing the broad carbon price signal, which
increases incentives to avoid wasteful or-aiue uses. These effects tend to be small; for
example, a 10 percent change in transportation fuel price creates just a 1 percent change in
household demand. But effects add up over the large volumes covered.



Meanwhile, as Figure E29llustrates, capital costs climb in the early years but innovation

reduces costs over time. For example, electric vehicles are expected to become less costly than
conventional gas vehicles, even factoring in the expense of installing a home dhasgsr (

2019, and electric heat pumps already cost less to instatlany situations§ynapse Energy
Economics 20)8By the late 2020s, such innovation effdatger the addectapital spending
associated v the Energy Innovation Scenario.

Table ES. Impacts by policy

Reductions Cost

(MMT of C@e) ($ per metric ton

Sector Policy Average | In 2030 | Economic| Economic
20222030 +Social

Buildings Electric heat pumps 0.7 1.8 -$65 -$130
Transport | Zeroemission vehicle policy 1.1 2.7 -$56 -$140
Industry Zero emission heat standarg 1.0 1.6 -$42 -$110
Crosssector | Carbon pricing 6.3 9.4 -$10 -$68
Electricity | Clean energy standard 3.3 7.5 $10 -$43
Industry Cement emission standard 0.9 2.2 $56 $8.9

*Cost is calculated as the average qusttonover the 20222030 periodexpressed in 2017 dollaidore specifically, the
average cost isalculated as the net present valuenobnetary effects due to the policy through 2030 divided by the sum of
emisson reductions the policy causes over the 2@R30 period, using a discount rate3ofercent.

Source: California EPS

The model also enables impact evaluation for individual policies, with results summarized in
Table E]. The table depicts average annual reductions over the-202Q period and

reductions in 2030, including two perspectives on cost: economic effecesatdreconomic

effects plus social costs. Social costs refer to monetary estimates of health benefits and avoided
climate damage. Costs per ton are calculated as the present value of monetary effects over the
sum of tons reduced through 2030.

The model fids that four of the recommended policies create net benefits from the narrower
economic perspective, and only one exceeds the net benefit threshold (indicating net costs)
when accounting for social impacts. In the table, net benefit results are shagiegmand net
costs in red.

The cost effectiveness of these results is encouraging, yet some caution is warranted. Every
effort has been made to account for added expenses, including those sometimes ignored, such
as the cost to government of administerinew programs. Nonetheless, suboptimal or

inefficient implementation is a possibility. In evaluating impacts of the recommended package,

Xi


https://theicct.org/sites/default/files/publications/EV_cost_2020_2030_20190401.pdf
https://theicct.org/sites/default/files/publications/EV_cost_2020_2030_20190401.pdf
https://www.synapse-energy.com/sites/default/files/Decarbonization-Heating-CA-Buildings-17-092-1.pdf
https://www.synapse-energy.com/sites/default/files/Decarbonization-Heating-CA-Buildings-17-092-1.pdf

we assume successful uptake of esféective opportunities to shift electricity demand from
peak to offpeak times, bt there is a chance the new regulatory approaches to provide the
necessary incentives will be beyond reach. The results of lessffeasive peak management
and several other sensitivity analyses are presented in the body of the report.

CONCLUSION

ReadzE 64 FTNRBY GKS /FTEATF2NYAlL 9t { &adza3asad GKS ai
hit the 2030 target, but the findings also provide reason for optimism. The model identifies a
recommended package of six policies that meet the target while ete&raging significant

economic and health benefits.

I FEAF2NYALF Qa OfAYFGS LRTEAOASE INB G GKS T2NB
aidlFriS8SQa fSFRSNEKALI yR &adz00Saa a2 FIFN KIF@S KS
headwinds. If @lifornia faltered, global efforts to reduce GHG emissions would be dealt a major
setback. Meanwhile, the severe risks from runaway global warming are becoming more tangible

as the state suffers from wildfires supercharged by climate change.

Today, withEf A F2NY Al Qa HnHn SYAaairzya YAtSaildzyS Ay
challenging that goal seemed before it was set a dozen years ago. The state met that goal with

time to spare, thanks in part to rapid innovation that drove down theafastlar power, wind

power, and superefficient LED lighting. Other clean technologies, including battery storage and
electric vehicles, now hold the promise of similar rapid improvement.

Reasons for optimism notwithstanding, it would be unwaesenderestimate the magnitude of

the effort needed to transform modern energy systems. The next milestiiee2030 target

is just a stepping stone to the even more ambitious goal of achieving carbon neutrality By 2045.

We hope the California EPScontrfbdt Ay &a2YS avltf greée G2 GKS ad
decarbonization journey.

9 The carbon neutrality goal was set in a 2018 Executive Order signed by Governor Jeriyl@kmsm2018).
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https://www.scientificamerican.com/article/can-california-achieve-a-ldquo-carbon-neutral-rdquo-economy/

1. INTRODUCTION

Californi® greenhouse gas (GH@&issioms reduction targets are amongeéhmost ambitious in
the world In 2016 four years early the state achieved it2020 target requiing emissiongo
decrease to 1990 level€ARB 20)9Looking ahead at the beginning of a new decade, the
adldSqQa Ofyvamp dpSn amtdtibrCaiiforsiaySenate BER became lavin 2016,
setting a 2030 target ofeducing emission40 percent below 1990 levels
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carbon dioxidequivalent{CQe)in 2017. So hitting the 2030 target means reducing emissions

by an average of I@MT of CQe annually, or nearly double the annual rate IMT of CQGe

over the past decad¥

California islsobattling the onset of serious climate dage. Climate change has supercharged
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the mostobvious effects of worsening wildfir€@astsare alsaimposed on governmenin

addition to the inmediate ned to supplement firefighting budgetssudden and urgent suite of
demandshas beerfoisted on state policymakersych as providingestitutionto wildfire
victims,makingnearterm regulatory adjustments tceduce the risk ofnassve power outages

againnext yearwhile also working tproperly structurel K S eledtriculilifes and gridin

light of new climate threats

At the same timgCalifornias battlingthe Trump administration, which is attemptingrevoke

0 KS aalthoitySi@skistronger motor vehicle tailpipe emission standaedsl which is also

adzZAiy3d Ay TFSRSNI{ cpauMNiidepadnershp @ith QuebddtiedeFay®ty A I Q&
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providethe overarching motivation faur development ofhe California Energy Policy

Simulator (EPS)sing the California ERBis report seeks to answer thrgeestions

(1) What is the emission trajectory implied by current policy?

(2) If the model sugges current policy does not put the state on track to achieve the 2030
target, whatadditionalpolicies should be prior#@dand how should they be calibrated

(3) Whatare the estimatec&tconomic and social impaaisthesepolicy enhancements

Themodelfindsthat current policy will achieve reductiotigat are deep but notdeepenough

to push emissions below the 2030 goal. We estimate that current policy will result in 2030
emissions remaingroughly 25MMT of CQ@e above the 2030 limit of 26@MT of CQe. To

close this gap, we recommend strengthertimge established policies and addihgee new
policy instruments. The analysis indicates these policies will be beneficial from the narrow

10The historical rate is calculated by comparing 2017 emissions atMB.LCGe with 2007 emissions at 490MMT CGe,
showing a difference of 66.¥ielding the calculation 66.7/10 = 6.67 MMT&¥®ar. The future rate is calculated as 424.1
258.6 = 165.5 over 13 years, yielding 165.5/13 = 12.73 MIyEly@@r. In a recent studiNext10 and Beacon Economizé19
also concludecalifornia will neetb accelerate its rate of decarbonization to hit future targets.


https://www.arb.ca.gov/cc/inventory/pubs/reports/2000_2016/ghg_inventory_trends_00-16.pdf
https://www.next10.org/sites/default/files/2019-10/2019-california-green-innovation-index-final.pdf

perspective of direct, monetary impacts and even more beneficial takerg into account
social impactghat is,estimates of the monetary value loéalthand climate effects

Initial modeling has focused on the 2030 targétK S y SEG YAt Sadz2y S +Ft2y3
decarbonization journey. A 2018 Executive Order sign&blgrnor Jerry Brown set the goal of
carbon neutrality by 204%Mulkern 2018, and recent work by Environmental + Economics Inc.
(E3 2018 and the Energy Futures Initiatig®19 identifies promising technologies for
accomplishing pos2030 goals. Though such longerm targets are not the focus of this

analysis, expanding the set of zero emission options through increased research, development,
and demonstration projeswill be essential to achieving the longerm targets. In addition to

the environmental imperative, targeted public research investmgatd economic spillover
benefits(Gruber and Johnson 201@alifornia has more nationaboratorieshan any other

state ands already known asleader in innovationThis is a comparative advantage ripe for
strengthening

2. MOTIVATION

This section outliesadditionalmotivatiors underlying the overarching goal@aintributing to
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request by scholars and policymakavio convenedn 2006after adoption of the 2020 target.

Secongdwe describ connections between this work and the most recent Scoping Plan exercise,

the first to present aletailed 2030 policy strategy.

2.1. INAUGURAL CALIFORNIA CLIMATEPOLICY MODELING DIALOGUE

Themodel fulfills specific needs identified tye GaliforniaCimate Policy Modeling Dialoguee
hightlevel collaborative of policymakers, researchers, and indugianized by the Policy
Institute for Energy, Environment and the Economy at the University of California at Davis.

Assembly Bill 32 diremd the California Air Resources Board (CAR®&3velop a Scoping Plan,

whichmust be updated every five yearsset forth i KS a4l 1SQa GA&aA2y YR L
acheving decarbonization goalsiter thefirst Scoping Plawas finishedn 2009 the inaugural

California Climate Policy Modeling Dialogmedeicteda retrospective evaluatioandnoted:

oPolicymakers involveabked for more modeling of .individual policies (i.e., rather than

generic climate policies) in order to better understand the spatial, temporal, andesociomic

effects of regulations [anditeractive effect between two omore policies (Morrison et al.

2015 p. 555).

The EPS represents dozens of individual psliti@tmaybe adjustedby simply turning policy

levers, with reaktime results The important features @achpolicy are embedded in theause

effect linkages at the heart of tmeodel better accounting oft A y (i S NI O lisloe®fthe ¥ F SOl a
9t { Qathsiad aSgsyedidynamics model.

It is important toacknowledgehe foundational groundwork laid nergy “Environmental
902y 2YA0as LyO® ¢ dasaddeddigorasd insights € the éndrgy eeéhRofody
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https://www.eia.gov/petroleum/gasdiesel/
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and policylandscapeWilliams, J. et al. 201.2n our view, the EPS is more similar to the

Pathways model than any otheecause bth apply a systesdynamics perspective to

economywide modeling questions. ThatRways model offers more detailed and

comprehensive technologicabverage for example, includingydrogen production and
KERNRISY FdzSt OSt t ¢ Sitsdodrebensivedidy Sovedageyhizh & (G NSy 3
extendsto carbon pricingand its accssibility enhanced by userriendly web interface

2.2. MODELING OF CARBON PRICING IN 2017 SCOPING PLAN

90Qa t madéathiegedh breakthrougtby allowingfor the integraed, systemic
evaluation of allof I £ A F 2 NJ/ A leSedcepYfbr@azbd pkidh§. Bx@llatethe carbon
pricing policythe analysighat informedthe 2017 Scoping Plan used a macroeconomic model
created and maintained gegional Economics Modglnc!! Adrawbacko doing sds thatthis
modeldoes not allav for energyuse as a variable inputhe treatment of energy as a fixed input
to productionis evident in Appendix E thfe Scoping PlarFigure 2. This model schemditits

only twoinputs to production labor and capita]CARB 2017c

The failure to represent energy as a variable itimitsinsights abouthe effect of carbon
pricing.Businessesndconsumersare expected to chandewthey use energy in response to
the introduction of a carbon pricerthughgreaterenergy efficiencyswitching to loweicarbon
energysources, and avoiding levalue energy use¥hemodel fromRegional Economics
Models, Inc. used for the Scoping Planlsisdoes not allow for these adjustmerits

/1 w ch@iéeof the tool from Regional Economics Models, Inc. may in part riffeid
options.No commerciallyavailable, regularly updated macroeconomic model allows for energy
as a variable input to pduoiction though such models do exist. Indeed, David Retast of the
University of California, Berkeley developed such a mdtelBerkeley Energy and Resources
modelt and applied it to thdirst Scoping PlatCARE0103.

The lack of a connection between the causal effects of carbon pricing represented in the Scoping
Plan analysis created an opportunity. Since the California EPS allows fargiratedt

consideration of sector policies along with mséctor carbon pricing, it will provide a new
perspective.

TheCalifornia EP8as also motivated kthe growing emphasis on the importance of carbon
pricing withind KS & dF 4 SQa 2 @h3heinifklCsopiyigPlad, which de&Bpedthe
policy framework to hit the 2020 target, tailpipe emission performance standards for motor
vehicles were expected to drive the most reductions, and theandprade program was tasked
with delivering 2(ercent of overall reduction<CARB 200%.17). In the most recent Scoping

1 REMI, Regional Economic Models, littps://www.remi.com/

12To manage this limitation, the Scoping Plan makes assumptiorntsti®auantity of emissions reductions expected from the
capandi NI RS LINBINI YY d¢KS NBYFAYAyYy3 Dl-addThdkeRopami tReynipact okdhich: OKA S GSF
Ad OFfOdzZ F iSR 2dzidARS 2F t I CARBRAZ.1D)y R Ay lLdzi Ayid2 GKS w9al Y2
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Plan, the cajandtrade programsthe single most important policy, expected to drive
38 percent of emission reductions from 2021 to 2@BA\RB 2017#.28).

Figurelis a graplexcerpted from the 2017 Scoping Plaaentifyingwith gray shading the

reductions expected frortihe carbon price emerging from tlsap-and-trade program The level

of reductions expected in 2030ksacketedim f  O1 YR 1 0SSt SaRE a DI LI Of ;
Tradeb kn this scenariache capandtrade prograndrives47 percent of emission reductions

occurringin the year 2030

Figurel. 2017 Scoping Plarategy: Close thgapwith cap-andtrade
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The Scoping IBnrecognizeshe uncertainty inherent in analyses extending more than a decade

into the future, stating thatrte modeled2 dzii O 2eyrEsents an expected case where current

and proposed GHG reduction policies and measures begin as expected and perform as expected,
and technology isreadilyavd 60 f S | YR RSLICARBER7p228). a OKS Rdz S ¢
¢CKS ail-iisNda FNa3aGS3ae Aa y2a aidliAaor GKS {02 LAy
I FEAF2NYALFQa FLILINRIF OK O2yliAydzSa G2 06S OF NBTdz
programs and a willingness make midcourse adjustments, CARB 2017#.ES5). Our goal

for the California EPS isdffer a new analytical todhat contributesto the success dhis

adaptive managememhodel

3. METHOLS
The EPS was creatkegEnergy Innovatignwhich continues to manage the modehergy
Innovation andts partners havenow adaptedthe modelto eight countries antivo subnational
jurisdictiors. The EPS has been pesriewed by staff at thred.S national laboratories and
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several top research universiti@s well asegionalresearch partners isach modeled country
The model is regularly updated, reflecting feedbackreavd dataavailability asdetailed inthe
modS f oflée cbcumenttion.

The model allows users &pply dozens of policies tasaenario reflectinpusinessasusual

(BAU andto dial the strength of energy and climate policies up or dawth instantresults
showingdirect economic impacts, changes in energy use, emissions of both GHGs and locally
damaging air pollutants, and social impacts, including premature deaths and monetary estimates
of avoided climatand healthdamage.

Differentpolicy combinations constitute scenamioand comparing scenariosasicial to
understanding EPS results. The calculations at the core of model resdliseméy comparing
energy use, emissions, and costhmBAUSenario with a specified policy segio.

The model is opesource, welaccessible, anadvailableree of chargeThe EPS is programmed

in the software Vensim, for which a free reader version is available. The source code and input
data are publicly released, regularly updated, and edmitynloadable from the main project
website(https://california.energypolicy.solutiopsThe model structureausal relationshipand
parameters are readily comprehensibilek N2 dz3 K+ S ylanferfatein sHoN,IthedkddéD |
offers unsurpassed transparency.

Additionally,mput data can be adjusted by swapping in different standard cesaparated

value files. For those not wishing to delve into Vensim modeling, -basell interface provides
awealth of functionality, allowing users to develop their own policy scenarios and evaluate the
impacts.

3.1. STRUCTURL OVERVIEW

The EPS is a systedynamics model combining elements of economic models and batfpm

accounting models with detailed technologli specifications, including stock and flow dynamics.
SystesR&y |l YAO& Y2RSfta 2FGSy AyOf zR&ened@ber2adO| 4= ¢ 2 N
fromonetime-steptothenexe | YR KA OK I NB I FFSOGSR o0& aFf2¢
variables. The EPS uses stocks for two purposes: tracking quantities that grow or shrink over time
(such as total solar electricity generation capacity) and tracking differences fr@Althe

Senard that tend to grow over the course of the model run (for instance, differences in

potential fuel consumption of the liglaluty vehicle fleet caused by enabled policies).

On the economic side, the EPS includes many price response functions,uttipbes
endogenous choice functions (like electricity plant investment and dispatch ¢lasioesl as
vehicle choice). The model includes several rebound effects in electricity, transportation
demand, and building energy demand. For example, if thegpeostehicle mile traveled

changes, whether because fuel subsidies are removed or more efficient vehicles require less
fuel, passenger and cargo travel demand adjust accordingly.

The model covers the entire economy, includingrgydemand in buildings, ator vehicles and
off-roadtransportationmodes, and industryAgricultural energy use is included in the industry
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category, as are all process emissions, such as methane emissions from naturaligesguige

livestock waste (labelaihortlived climae pollutantg in the California dialogue). K S Y2 RSt Q&
geographic scope is the state of Califaritidoes not capture geographic differentiation at

smaller spatial scales, such as counties or zip codes.

Figure2 gives an overview dfie model structure, illustratingonnections between eadector.

Figure2. Overview oEPStructure
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The electricity sector portion of the mod=insiderghe reliability implications of variable

generation from renewable sources such as wind and solar, for example accountingdakon
capacity factors. Capacity investments may be made either to meet new demand or to rebalance
after system retirements, @i the investment calculus reflecting costs, the existing policy
environment (e.g., federal tax credits), and new policies. These outcomes are driven by
economic factors, tempered by reabrld constraints on how quickly new sources can be built
andpriceheterogeneity.



The transportation sector portion of the model includes a choice module for motor vehicle
purchases. Vehicle purchase costs, fuel costs, vehicle efficiency, policy impacts, and discount rate
parameterdor vehicle buyergogethergeneratethe net present value metriaf total cost of
ownershipthat drives vehicle choice. As in the electricity sectorEfR8 uses@obability
distribution of prices, reflecting rewlorld variation, overlaps, and a laksn-perfect rank

ordered choice paragm compared to a leasbst approach based on a mean price. Energy
Innovation overhauled the transportation sector of the model in preparation for the California
adaptation, addigalow carbon fuel standardolicythat requires a reduction in the average
carbon intensity of transportation fuels over tinkg/drogen fuel cellehicles and hydrogen use
more generallas an energgourceare notwithA y G KS Y2 RSt Qa4 Odz2NNBy i
but efforts are underway to include them in the future.

(et

3.1.1. Carbon P ricing

Model usergnayspecify a carbon price level over timih the option of varying prices in
different sectorsFigue 3 mapsthe causeeffectmechanisms by which the carbon price reduces
emissionsillustratingthe first-order effects caused by the carbon price anbter keyfollow-on
effects. The electricity supply sector sits atop the figure, with sector demand for transportation,
buildings, ad industry below (as annotated along the righnd side).

Carbon price effects operate via three potential types of pathways: fuel effects, nonfuel effects,
and process emissions mitigation. The California EPS only enables the fuel price effects
pathways identified with solid black arrows Figure 3, which also portrays the main folmw
effects with gray arrows. Dotted lines highlight the carbon price effect pathways not initially
enabled in the modéf

Tracing the effects in the electricity suppéctor as an example, the carbon price first increases
fuel costs for power generation technologies that emit carbon dioxidg.(Ci@s affects

dispatch decisions within the existing system as well as new investments and economic
retirements. Any changes in operating and investment expenses are reflected in an adjusted
electricity price, which then feeds into sector demand.

3 The two noractivated carbon price pathways are process emissions and nonfuel price effects. Process emissions are not
covered by the California carbon pricing heusm but interesting possibilities exist for doing so, such as covering methane
leakage from natural gas pipelines under the cap. Technical obstacles remain to be solved before carbon pricing cagdbe extend
to this and other nortombustion emissions. @monfuel effects pathway allows for coverage of the embedded carbon content

in materials used to make equipment such as cars or building components. The EPS does not activate the effect because
insufficient life cycle data exists to populate this pathfeayalifornia. Many manufactured goods come from other states

without carbon pricing, as do some material inputs to production.
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Figue 3. Carborprice causeeffect pathways in the California EPS
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3.1.2. Social Impacts

The EPS accounts for the climate and health effects of energy choices that are all too often left
out of climate policy analysis. Such mmoarket impats are less easily quantified because no
singlemarket price can be applied as a ready estimate of monetary value. The EPS puts a dollar
estimate on the climate benefits from avoided€@missions using the social cost of carbon
developed by théederal @vernment [nteragency Working Group on Social Cost of Carbon

2013. The monetized benefits represeior each ton of Cg not emitted theavoded damage

due torising sea levs|extreme heatincreased wildfire riskyater shortages, and so on.

The input values we use for avoided damage is the most frequently used and authoritative
source, but it iseveral years oldincorporatingmore recentscientific findingsvould increase
the value of avoide@HG emisans, saclimate benefitsdentifiedby the California EPS miasy
viewed as a lower boundsone example, a study drealth impacts from increased heat
extremesfound éthe increased globahortality burden from climate change to be pé&rcentof
global GDP by the end of the century if past emissions trends can(®ardeton, T. et al. 20).8
The EPS separately estimates climate and direct health impabeatinduced effectsvould

be classified as climatelated andseparate from the diredtealth damag@ssociated with
increased exposure to gpllution.



https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf
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Health impact evaluatioim the California model follows the method developed by CRBRB)H
and used in the 2017 Scoping Plan analysis. The ap@oemhnts for particulat pollution
(primary and secondary, i.e., particulates formed from nitrous oxides and other polluYats)
other pollutants, notablpzone also significaty burden human health. Furthethe approach
onlyaccouns foravoided premature deathandnot the cost of hospitalizations or other
medical care, much less effscin human welbeing.The indoor air quality benefits of
electrified building componentoompared tahose combusting hydrocarboassoare not
included.Thus, the health benefits shoudé viewed as a lower bound of actual benefits, which
are likely to be much higher.

3.1.3. Endogenous Innovation

Innovation may refer to improved performance or falling costs for a given level of performance.
The EPS endogenous innovation module exclusivetysdtingcoss, in particular installed

capital coss. The level of innovation responds to future deploynieged ora costreduction

factor applied with each doubling giobalinstalled capacity, reflecting historical patterns.

Results due to endogens innovation can be viewed in the web app under the Technology
Costs option.

The EPS applies the innovation function to four key emerging technolsgies, wind,
batteries, and carbon capture and sequestration. These innovation effects are ofteed eber
aslearning curves, and they ocalue to boththe learning that comes with experienaedthe
economies of scale thatre achieveds production scales up.

Under the endogenous innovation module, the rate of innovation over time is affectdder

parts of the system, namely the level of additional deployment due to added policies. The model
also anticipates and factors in global deployment, which significantly determines future price
trajectoriesbecause of the large magnitude of global trecdmpared tdarends inany single
jurisdiction. Other EPS applications hasldressedarger economies, such as theSlAndChina,

and the effects of domestic policy are more readily obsenabikesescales

3.2. IMPACT EVALUATION
¢ KS Y2RSt Qsirackspending ¥nSukelblkapital, and other operational and
maintenance costs, as well as effects on government ledgers, revenues, and incentive spending.
Though the direct economic effects do reflect fostier system effects that cut across sectors, it
is worthre-emphasizing that macroeconomic spilloveSeG & | NB 2 dzi a A RS (KS

I SENB Ada | GNIFyaLRNIFGA2y &aS002N SEI Y LXisSffeaed byiitfe Sharye if cosy 2 RSt Qa
of travel, which is determined by a number of factors and can be affected by multiple policies. For example, incredsed fuel p

due to a carbon price, increased taxes, or decreased subsidies change the cost of travel, with demand adjusting.accordingly
Similarly, the cost of travel can be affected by vehicle efficiency, with more efficient vehicles reducing travel cestslt As a

policies improving vehicle efficiency tend to increase travel demand. Changes in travel demand also influenceoositer sect

the extent they are affected by changes in travel inputs. For example, a policy spurring greater electric vehicle adéption wo

induce higher demand for electricity, which could trigger a need for new investment in power generation.
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Changes in government expenditures, such as from fees or incentives, are also calculated. These
changes N5 Ay Of dzZRSR Ay Y S NR Qable game, But nptovaigbles h dzi £ | &
referring to only changes in CapEx and OpEXx, which exclusively coverspotateffects.

New policies affecting the buildings and industry sectors are assumed to require additional
government expenditures. Lacking staodal studies on these costs, the budgets of some
existing departments are used to approximate potential policy costs for new policy initiatives in
buildings and industry.

The EPS presents cost results using two distinct treatments of carbon price ifipacts.
GNBJEPdzENI f ¢ Y2RS NBlOdzNya | RRAGAZ2YIFE aLISYRAYy3
SO2y2YAO OG2NE FTNRBY 6KAOK BEDfIAIART T Y2NIST NS
carbon price revenue from the benedibst evaluation, which has the effettincreasing the

costs for the policy package and for the carbon pricing policy itself. We favor the rexsertied

mode because excluding carbon pricing revenue would fail to account for a large impact. One
advantage of the revenuexclusion approacls that it may provide a more realistic individual

cost assessment for policies other than carbon pricing in instances where carbon pricing is

expected to increase the costs associated with fossil fuel combustion. These added incremental

costs are invisiblie the revenueneutral approach.

The model evaluates impacts by comparing total energy use, emissions, and a variety of other
variables under different policy settings. A collection of particular policy settings define a policy
scenarioScenarios are econonwide representations of energy use and travel demand, as well
as emissions characteristics of different fuels and technologies, which together provide a
complete picture of emissions and energlated spending (covering private sparglon

capital, fuel, and other operational and maintenance expenses, as well as government budget
impacts).

3.2.1. Impacts Calculated as the Difference = Between Policy Scenarios

This sectiopresentsa schematico illustrate how the EPS may be used for poimpact
analysisOne key ingredient for impact analysis islibsinessasusual (BAU) scenario. The
specifics of the BABenario for the California EPS presented in section 4.%enerallythe

BAU Scenarinlentifies theenergy useatterns energyrelated spending, and emissiahat are
expected from the systenmnder current conditionsThe second key ingredient for impact
analysiss apolicy senariofor evaluation increasinghe strength of one or more policies above
the BAU leveFinally, impcts are calculated as the difference in the variable of interest between
two scenarios.

Figure 4 develops a schematic breaking down impact evaluation process into three steps. The
FANBO FYR aSO2yR aidSLla Ayg2ft @gS{ GRyOIThRaNaK A y 3 G
and wllutant symbols nextto eaéghO Sy I NR& 2 Q & thdt dach Sdenarko pradtideF A S a
complete(albeit simplifiedirepresentatiorof energy use, capital stocktirements and
additions,emissions, and spending on enerliggluding changes in energgmand emissions,

and spending, i.edirect economic effectsn the third step, impacts are calculated as the
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difference between the two scenarios. For example, economic impacts are estimated by
subtracting expenditures itné BAU Scenario from those in the Policy Scenario.

Figured. A schematic showing how impact evaluation works in three steps
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The model is designed for comparistmthe BAU Scenariand this is the only frame of
reference posble in the web applicatiotput additional mathematical wogkermits
comparisons between any two combinations of policies.

3.2.2. Consistent Treatment of Individual Policies within a Policy Package

ALJ2 f A O2 impacdsioh AplRigy-policybasis can bestimatedin one of two ways: by
measuringhe effect ofeachpolicy with none of the other policiegtivated orby measuring

the effect of disabling a given policy on the emission reductions achieved by the remaining
policies The first method measuresnission reductions that result in the absence of any of the
policies, while the second method measures emission reductions lost when a single policy is
disabled from the full portfolidgSincethe second approacaccouns forpolicy interactionthe
Califonia EPS uses this method

ThisseOl £ £t SR GRA &l 0f ® Bréatethd pblisyPviedddiiagran Figdzsd So&ow),
which shows yedoy-yearemissiorreductions, and the policy cost curve, which gives a cost per
ton of average annual abatement. The emission reductions for each policy shown in glee wed
diagram reflect the extra emissions that result when the policy is removedtiepackage. In
other wordsthe model performs several runs to disabler turn offt each policyandcalculate
the resultingemission effect. Because of policy interactiding,sum of individual policy effects
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is almost invariably meaningfudlifferent from the sumfound when disabling all policies
together. Thus, a final step involves scaling the individual policy effects found in the first step so
that, in aggregatethey equal the accurate sum of policy effects.

The abatement cost metric is also measured using the disabled approach to calculating policy
effects. Costs for a given policy are calculated as a net present value of the stream of future
spending effects, disoating annually at a rate of@@&rcent!® Cumulative emission reductions
attributable to the policy are calculated overthe 28220 n LISNA2R® ¢KSy > GKS
costs per ton are calculated as the sum of spending effects divided by the cumulasgsierem
reductionsattributableto the policy are calculated over the 202030 periodt® Then, the

L2t A 08 Qa4 perénbick GhlSula®d®as iheésum of spending effedted bythe
cumulativeemission reductions.

15 The resultpresented in this report differ from the results viewable in the web application because of the different scenarios in
the counterfactual (i.e., the scenario used as the frame of reference for emissions absent additional policy). The atien applic
givesresults compared to the BAU Scenario, while the results in this report give results compared to the Current Trajectory
Scenario.

16 \We explain here a nuance related to calculating emission reductions due to the zero ereisisiermandate. An

dzy RSNERGFYRAY3 2F (KS GRA&lI0f SR YSiK2Ré F2NJ OFf Odzf | gshy3d L2t AO
of zero emission vehicles appear ineffectual in the web application, i.e., why such policies are ahskatdoticy wedge curve

and abatement cost curve in the web applicatMinenzero emission vehiclesles requirements are removed from the

package, the low carbon fuel standard drives greater reliance on biofuels than it would otherwise. In lir¢enBhRIGt

accounting methods, biofuels are treated as net zero emissions. Though electric vehicles are zero emission from a tailpipe

perspective, because electricity supply involves some emissions, electric vehicles entadlbeihdeclining emissions

through 2030.

The structure of the model also comes into play, specifically how the system represents low carbon fuel standard compliance,
which effectively happens in a typart process. In the California model, the share of transportation energy denardeot by
electricity is determined by the zero emission vehicle mandate. The low carbon fuel standard takes electricity supply as give
and fills in the remainder with biofuels and biogas, mostly biodiesel and renewable diesel.

The upshot is that ratchieg up the zero emission vehicle mandate increases electricity use for transportation, which in turn
leads to lower biofuel use. Combustion of biofuels and biogas is treated as net zero in the model, following the carfventions
the state emissions invemty, so substituting electricity for biofuels and biogas has the effect of increasing emissions in the
model.

At present, the end uses for electricity and biofuel fueling alternatives are largely bifurcated, with biofuels mogjiheavyin

duty truckirg and electricity making inroads for passenger vehicles. In our view, ratcheting up the zero emission vehicle sales
performance standard permits setting the low carbon fuel standard at a higher level in practice, and the Energy Innovation
Scenario is congtcted to reflect this assumption. The stringency of the low carbon fuel standard increases in the Energy
Innovation Scenario, but only at a level that maintains biofuel and biogas use at approximately the same level aseintthe Curr
Trajectory Scenario.

To achieve consistent results, isolating low carbon fuel standard effects and avoiding unintended interactions, thethesults i
report reflect an adjustment. First, the low carbon fuel standard is removed from all scenarios, including the BAUdBcenario
individual policy impact evaluation. Second, individual policy impacts are scaled by a multiplier so that the sumalf individu

impacts in each year equals the desired difference at the package level, i.e., comparing the Energy Innovation S8wenario to
Current Trajectory Scenario with the low carbon fuel standard.
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4.  ADAPTNG THEMODEL FOR GQ\LIFORNIA

4.1. DATA SOURCES

The downloadable version of the model includes both commonly formatted data files and notes
on underlying calculations and source matefilk files and notes togethezpresent a
complete, opersource accounting of model inpuierefore, this overview is brief.

9y SNH& Lyy2gl thd odedfarCalifdrrialbkEndfidgey endrifiously from a large

body of foundational research involving experts from E3 and CARB as vietadea

O2YYdzyAlé 27T O2 Y Y AddiforSi&kPatiiBaisSriodeldé\@Ibdedlin cOapedaiion

with CARB andloer state energy experts, tise largest source for modéeiputs. We use the

California Pathways model version developed and publicly released as part of the 2017 Scoping

Plan procesCARB 2017ICARB 2017¢7 We primarilyextract data from the scenario labeled

G{ O2LIA Y360t S NYSYd dwSySsl 6fS t2NIF2tA2 {iGF YRIF NR«

Figureb. BAUprice forecast for natural gas, electricity, petroleum fuels
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Sources: Energy Information Administrati?®19 and E32017)

For future fuel prices, the model uses Califospacific empirical data for 2018 from the

U.SEnergy Information Administration fetart-year levels. From these starting values, gasoline,
diesel, and coal prices grow at the same pace as nationally forecast prices from the 2019 Annual
Energy Outlook produced by the Energy Information Administra@iy.

Y¢eKS YIAY {O2LAy3 tfly ¢SoL)3AS KFLa Iy a! LIWSYyRAOSa yR a2RSt A
https://www.arb.ca.gov/cc/scopinggh/scopingplan.htmScroll halfway down the linked page to see the full suite of materials:
https://www.arb.ca.gov/cc/scopingplan/meetings/meetings.hiine links are provided uBdNJ ¢ a2 RSt Ay 3 Ly F2 NX I (A 2
including the main Pathways technical documentati€$ Z017.
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https://www.arb.ca.gov/cc/scopingplan/2030sp_appd_pathways_final.pdf
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https://www.eia.gov/outlooks/aeo/tables_ref.php
https://www.arb.ca.gov/cc/scopingplan/california_pathways_model_framework_jan2017.pdf
https://www.eia.gov/outlooks/aeo/tables_ref.php
https://www.arb.ca.gov/cc/scopingplan/scopingplan.htm
https://www.arb.ca.gov/cc/scopingplan/meetings/meetings.htm
https://www.arb.ca.gov/cc/scopingplan/california_pathways_model_framework_jan2017.pdf

Natural gas and electricity prices vary much more across states and regions, with future prices
changing over time as forecast in the California Pathways model. Further details on technology
costs and their sources gpeovided when presenting the polispecific beneficost results in
section 8.2. The resulting prices for the four conventional fuel types in the BAU Scenario are
shown above iifrigure5.

4.2. BAU SCENARIO EFINITION
CKS .1l [ OSYl NRX2 A arepresedsKY220R S fI 37 TRANIAAR [QREA 25//d5 NLB
emissionsare expected to shift based on policies outlinethen2017Scoping Plahut only
insofar as the policies areflected in existing regulations.

In the electricity sectothe BAUScenarigeflectsSenate BillOOQ i@quirements, including a
minimum renewable portfolio standard for electric utilitteseach 6Qpercent of utility
electricity supply in 203@ectricity sector emissiomeach46 MMT of CQe in 2030under the
9t { Qacenafiolt K{S aniokt ie&mfongerm planning worlalso estimates thatie
St SOGNROAGe &S wilifal mRaMMIol ©Qe (CSifgrAiaPdbic Ptiftids
Gommissior019.

In the transportatiorsector, BAU assumptions include the 18 percent low carbon fuel standard,
existing fuel standards, and the zero emission vehicle requirements through 2030. Vehicle
electrification incentives are assumed to continue, though at declining ratesdutghtehicle
incentives are entirely phased out in 2026, and helity incentives are phased out in 2030.

However electric vehicles are notching impressive progress in the market, selling at levels far
surpassing those required under the current zero emission vehicles sales standard. Sales of plug
in and fully electric vehicles reached 7.8 percent in 2018, a 66mencrease from the year

before. The 2018 increase partly reflected peptdemand for the Tesla Model 3 combined with

a rush to buy Tesla vehicles before federal incentives were reduced in 2019.

In the BAU Scenario, the state reaches the existing @@&@%f 1.5 million zero emission

vehicles. In 2030, the number of zero emission vehicles in the California fleet grows to

approximately 2.7 million vehicles. The level could in fact be higher for several reasons, such as
strong market growth inrecentbeNBE = /! w. Q& dzy adzNLJ 88 SR S E LIS NI A ¢
commitments to build out charging infrastructure, and automaker plans to invest tens of billions

in electric vehicle technology development and to bring dozens of new models to market across

all segnents. Challenges persist, however, including cougfferts from Washington, D.C., and

the potential for trade disputes to reduce the availability of new electric vehicle models and to
increase costslurrentineand Canepa 2018

The BAl&enario does not include any policies treduce travel demanbecause these

policieshavenot yet demonstragéd much effect CARB 20H). This is not to suggest travel

RSYFYR YIylF3aSYSyd Aa dzyAYLRZ2NIUI y( teandladmusi | Ayl 0 f
policy iscalledin the presentCaliforniadialogue have great potentialThey can reduce

emissions, encourage uptake of healthier lifestyles, and generate cost savings by making it more
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https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/2019%20IRP%20Proposed%20Reference%20System%20Plan_20191106.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/2019%20IRP%20Proposed%20Reference%20System%20Plan_20191106.pdf
https://its.ucdavis.edu/people/tom-turrentine/
https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf

feasible for people to walk to goods and services. Yet such policy strategies have had limited
success. Per capita vehicle miles travelededesed after the last recession, but have begun
increasing.

In the buildings sector, the BAU Scenario shexistingefficiency policies leading tm

18 percent energy demand reduction in 2030 compared to energy use in the Updated Reference
Scenario ofhe California Pathways modeling. This 18 percent value lies between more recent
California Energy Commission analysis and the reductions evident in the Scoping Plan scenario in
Pathways modelinfpr the 2017 Scoping Plan, whioclwers building sector eng®ns by

13 percent compared to the Updated Reference Scenario of the Pathways motieéng

California Energy Commission analysis of programs designed to meet requirements under Senate
Bill 350 anticipates savings of 0.35 quads of energy, which wouldeapr 24ercent

reduction in building energy use as measured against the Updated Reference Scenario

The BAU Scenario does not include a carbon price for two reasons. First, the carbon pricing
LINEANI Y 6F& GKS I NHSA G 2080 siatehySso s8uyhptidlk abdati 2 NJ A Y
future performance are particularly important to evaluating the current policy trajectory. Since

web users cannot change BAU assumptions, including a BAU carbon price would limit their

options to evaluate future priceayectories. Web usermuld not investigate a lowghan-

expected carbon price, should they wish. Evaluating carbon pricing entirely through policy

layered on top of the BAU Scenario allows for more analytical flexibility.

Second, this approach allows tm@msistent treatment of carbon pricing effects because the
response induced by a given carbon price depends on the starting price level. A carbon price of a
particular level will have a larger impact if the starting price is [&wer.

4.3. CARBON PRICING
CalibrniaQa | LILIN2 I OK G2 OIF NP2y LINAOAY3a Aa || KeoNAR
carbon.By default, the program is initially set up to operate as sacafirade model The
program requires large emitters of £10 obtainpermits to cover their missions. Pollution is
limitedt capped by the supply of permits circulated by the state. A price for carbon emission
permits then emerges from market forces, whether through permit auctions or carbon market
trading.

18 This footnote drives the point home mathematically. The giggration defines a generic elasticity of quantity of a given
energy type demanded as a function of price for that type of energy. The equation shows that the price of energy before carbo
pricing is introduced (the variablg)®lirectly enters the loweerm of the equation. Therefore, it directly affects the final results.
U U
P Yu

L
bYO U U
V]

Where . = elasticity.
Qv and Q@ are the quantity of energy demand before and after carbon pricing.

PoandP; are the price of energy before and after carbon pricing.
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Butif carbon price under the program md@es the upper or lower extreme of a gietermined
price range, known as the price ceiling and price ftberprogram morphs into a carbon tax
policy. In practice, the policy achieves price containment through auctions, either withholding
permits at low prices or offering additional permits for sale at the ceiling price. Effects are
translated to secondary pes, providing effective guardrails that contain prices between the
floor and the ceiling.

Turning to the modeling, the Current Trajectory Scenario assumes the price of carbon stays close

to the floor price, reaching2B per metric ton in 2030 (in 2017 Wars, the base currency for

model outputs)Section 5.3,Hed arbont NA OS¢ A S Oa A @8zZMNBzy RS BINIEE SO G 2 NX
further explains the underlying reasoning and different carbon price scenarios developed for
sensitivity analysis.

Next we descbie keyinput variablesaffecting thecarbonprice responsiverss of emissions
across sectors

In the industry sector, the key input parametet0$ price elasticity of demand for natural gas
meaningthat for a given percentage change in fuel pricel fise changs by half as much. This
is the midpoint of the rangaused in the Borenstein et §2017) study of expected carbon prige
through203Q Theselectedpriceelasticity valueeflects amid-term perspective, ggropriate
over a 2030 timeframé&’ The structure of the modébr the industry sector does not allow for
varying price elasticities over time. There is a singleinaiant input value for each fuel. The
selected valuevould producenappropriatelylargeshortrun effects in the early years of policy
implementationif not addressedWhereas the shostun response is dominated bghavioral
adjustments, as more time passes broader changes to capital stock are pogs#vdirexthe
scope br the responsdo a carbon price and increasing its potential effect. This means price
elasticities are lower in the short run.

To avoid overestimating the response to carbon priceadyast the policy implementation
scheduleWeapply a scaling functioto the schedulego lower the emission reductions caused
by the carbon pricen the early yearsThe reductionsttributableto carbon pricing increage
full strength in 2026

The EPS explicitly accountsduferences between shorrun and longrun elasticitiedor other
sectors For example, the transportation sector travel demand variablgp@esenger miles
traveledor freight ton miles traveled) responds to one elasticity parameteite the carbon
price separately enters ¢hvehicle purchase choice function.

Inthe buildingsector, carbon price affects energy use and emissions via two pathways, related
to equipmentefficiency and demand effectihe elasticityof demandfor building services with
respect to price rangdrom -0.15 t0-0.3, drawing on the Annual Energy Outlo&kérgy

19 The research uses a range@# to-0.6 for the price elasticity of demand for natural gas. See pad8 &7 Borenstein et al.
(2017 F2NJ I RAaOdzaaiAzy 2F (GKS | dziK2NBQ St I adA-Gidfodgrutsee A 0Sa | yR
most appropriate for a 2030 timeframe.
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https://ei.haas.berkeley.edu/research/papers/WP281.pdf
https://www.eia.gov/outlooks/aeo/assumptions/pdf/residential.pdf
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Information Administration 20)9The lower value determines the carbon price effect on natural
gas combustio in residential buildings, the largest sourcewfdingemissions. Thmducement
acarbon priceoffersto purchase moreefficient building components (i,daeating and cooling)

is also included. Thedasticity ofbuilding equipmenéenergy demand withespect to energy cost
ranges from0.26 t0-0.45 The size of thieffecton average device efficiency across all buildings
is limitedin the near ternby the rate of capital stock turnover. While notasableas buildings
themselves, components caastl 15-20 yearswith the average space heating lifetime estimated
at 19 years

In the transportationsector, the carbon price affects emissions throtigé elasticity of travel
demand for transportatiorgstimated &-0.1 for lightduty passenger vehicles afii15 for
commercial truckgeflectingwellresearched shostun responsesCarbon pricealso factors into
vehicle choicgaffecting thenet present valuewnershipcosts fordifferent vehicle technologies
(i.e, fueled by gadme vs. plugn hybrid electric vs. full battery electri¥)etother factors, such
asvehicle cost or evetine energy cost savings per mile drivenelectric vehicles in the BAU
Scenaripare more important determinants of relative cost effectivenéss tthecarbon price
effectsat levels considered politically feasi#le.

4.4. LEAKAGE

Leakage refers tthe shifting ofemissiongo areas outside of Californrgheneconomic activity
relocates MostGHGemissionsn Californiaare from economic activities rooted locally and
resistant to locational chang€onsidepassenger vehicle emissiomdyich representoughly a
quarter2 T (G KS adl (S Qe fad@iéhNddiivers IG&ated &ldsa ehgugh to state
boundaries thathey would regularly drive out of state to purchase transportation fuel is
miniscule. Household electricity demandimilarlynot subject to leakageshifting from a
household to a commercial perspective, research has showaliimatte policieslo not put
most snall businesses at a competitive disadvantageauseheir competitors operate on the
same playing fiel(Bratle Group 200%

Leakage riskBave been the subject of greater concernmelation toindustrial firms producing
energyintensive tradable productOur esults implicitly assuntlat net effects on industrial
economic performance cancel each otherwthat clean technology growth takes the place of

20The vehicle choice function in the initial California EPS release (version 1.4.3) is determined entirely by variatitesheslated

economic cost of vehicle ownershifPS version 2.0 (the current version of the federal US@dsS)ariables related tekicle

performance and convenience. Without these other factors, the model was predicting higher levels of electric vehicle

deployment than was deemed appropriate according to feedback received from transportation sector specialists. As a corrective
measue, a variable determining the maximum annual percentage sales growth was set according to a composite forecast of

SAIKG FdzidzNBE aO0SYy I NA2&s NIy3IAy3d FNRBY LISaaravyradaro (G2 2LIAYAadl
Vehiclesby TecBnf 2 38 ¢ F2NJ RSGIFIAf & 2y 3ISYySNIiAy3a GKS O2YLRaAiAidsS FT2NBOI
of electric vehicles growing to about 2.7 million vehicles in 2030 in the BAU Scenario. The only policy in the ERStthat is ab

override the mainum growth constraint is the electric vehicle sales requirement. A zero emission hydrogen fuel sales

requirement is an option in thEPS version 2.0.
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https://www.eia.gov/outlooks/aeo/assumptions/pdf/residential.pdf
https://www.ucsusa.org/sites/default/files/legacy/assets/documents/global_warming/AB-32-and-CA-small-business-report.pdf

carbonintensive economic activityVe point to fourfactors mitigating leakage concerns for the
industry sector and supporting our approach.

First CARB has distributed millions of free emissions peandtsignificant free allocation of
emission permits will continu€or the express purpose of preventing leaké&gsembly Bill 398
increased future levels of frggermit allocation abovéevelsexpectedunderprior plans leakage.
The method CARB has usedietermine free allocatian output-based allocation, which
providesfree allowancesontingenton the level ofcontinued domestic productianis at the
forefront ofglobal best practicé*

Second, economic evidence esdoubts that manufacturing output will be negatively affected
For instancean empirical study commissied by CARBoundthat Californi® @anufacturing
output willincrease 0.1percenton averagever the long run under @arbon pricingegime, as

showmind ¢ 6fS c® [2yInwdzy L YLIGAydal.2005.98 SNHE t NR O
Although the report notesthat F 2 NJ | @I NA S & 2 Thord &f@ KayitiborOdhén NI | & 7

interpreting the industnspecific longNdzy” NXB a daf 21i),ZhE dveradl indikg Rhat climate
policy positively affects manufacturidges not fall under that caveathe authors offer no
warning regarding the overall avgemaresult. And in fact, lorgin effects are generally

adzYYFNAT SR da 6SAy3 aF2N) GKS YBapG LI NI Of dzad s

Third, optimism thatanynegative leakage effectgouldbe moderateto negligibles bolstered
by the historical recordAs California hastensifiedits climate policy, the stat@@onomy has
generatedvery stronggrowth rates andevels ofwealth creation, outperforming other large
stateslike Texas by many macroeconomic measBesch 2018 An ideal analysis would
compare actual outcomes to economic performance in the absence of any climate policy.
Without such research, this much is cléatensifyingclimate policy thus far has -@xisted with
solid economic growth in California.

Fourth,the potential for leakage relates to the strength of climate policies in other jurisdictions,
including carbon pricing programs in China and Canada. Leakage is caused by unequal climate
policies Asother major economies intensify their climate policy&, the potential for leakage
diminishes.

4.5. LAND USE

The effects ofand-use changen emissiongare included in neither the 1990 emissions

inventory that has been used to definelegd y3S GF NBSGa y2N §KS &adl
inventory?2 However, state policymakers have been actively working to incorporatbdmsed
strategies into planning. California aims to expand carbon sequestration in natural and working
lands, defined amcluding forests, rangelands, farms, wetlands, and galsncept paper put

2L We hope that policymakers will push forward the idea of boundary adjustments as an alternativéahutcsiurisdiction has
pioneered this method.

22 California state agencies refer to managing emissions or sequestration from changes in land cover and land use as managing
natural and working lands.
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https://ww3.arb.ca.gov/cc/capandtrade/meetings/20160518/rff-domestic-leakage.pdf
https://www.forbes.com/sites/energyinnovation/2018/09/10/how-do-ambitious-climate-pledges-impact-economic-growth-for-insight-compare-texas-and-california/#2b7f327a21cf

F2NBFNR | GLINBEAYAYFINE 3J2Ff T2N a20M¥SLTRSNRA Yy 3
08 Hnon GKNRAzZZIK SEA&GAYGARRHali2RIB €& | yR ySs AyO

To calibratehe BAUScenaripwerefer to Sleeter et al. (2019), whi@stimates that changes in
landcoverand land use will lead to net emission8af MMTof CQe in 2030. Policy potential
and cost have also beestimated, but these require further vetting. We consider {ahdnge
inputs and results as preliminary and subject to refinement. Model users are asked to refrain
from citing results or inputom the landuse sector

5.  CURRENT TRAJECTORWALYSIS

5.1. THE CURENT TRAJECTORY SCENAO

The Current Trajectoryc8nario seeks toepresentthe policiesn the 2017 Scoping Plan (CARB
2017a0 = / | £ A T 2 Nfrik btratagy doeumehaldn@ withl major policy changadopted
after the plaf2 @lease such as théncrease in thdow carbon fuel standarilom 18to

20 percentinstituted by CARB

The Current Trajectory Scenario seeks to test a relatively optimistic interpretation of the
emission implications of existing polityassumesuccessful implementation of notly
existing laws and regulations, but also stated commitments and executive, ardiets future
administrationgouldignore or reverse.

For example, the Current Trajectory Scenario reaches the 2030 &aalllidn zero emission
vehicles established by executive order, accomplished with a zero emission vehicle sales
standard that requires manufacturers to sell increasing numbers of electric vehicles. When
combined with the BAU requirement, zero emission Vehisales reach nearly pércent of

new lightduty passenger vehicle sales in 2030.

The scenario also adds a carbon price and several other transportation policies, including an
increase in the low carbon fuel standard from 18 percent to 20 perceldctiafy regulation
revisedafter the Scoping Plan was finalizédlditional transportatiomoliciesincludetargeting
emissions from conventional motor vehicles and increasing vehicle electrification.

Strengthening vehicle standards in this scenariersoronventional passenger vehicles as well

as light and heawyduty trucks. Such policies requirepapval from the U8 Environmental

Protection Agency under the federal Clean Air Act, which gives the federal government exclusive
authority to regulate tb environmental performance of motor vehicles, with an exception for

California. The Act allows California to set stronger standards (which other states may follow).

This is currentlg hotly contested area of federatate environmental relations. The &rdl

administration hasoughti 2 NB @21 S / F f A T2 Ny A kd@giveh&lEA & G Ay 3 | dz
standards through 2025 as part of a larger effort to weaken national standards. Revocation of a
previously approved waiver would be unprecedented and unli@eydceed, but the potential

effects are explored via sensitivity analysis.
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The Current Trend Scenario also advances electrification of passenger buses-amllight
mediumduty freight trucks, with zero emission mandates in 2030 reaching 50 percénisks
(approximating the requirement for 100 percent of urban transit buses to be electric by that
time) and 10 percent for mediuguty trucks, reflecting Scoping Plan strategies targeting these
vehicle typeg?

5.2. SUSTAINABLE COMMUNN STRATEGIES

The Currentrajectory analysis assunmmsstainable community strategies draf as effective as
had been expected when the last Scoping Plan analysis was completed 4t 2017.

Sustainableommunitystrategies,analogows to the policycalledtransportation demand
management in the modekrea collection of methods fdoweringthe need for motor vehicle
travel, thereby reducing G®emissiongrom conventiondl fueled vehiclesThese strategies
encompass a range pfeasuresencouraging the development of transiiented and walkable
neighborhoodglose to jobsupgradingnfrastructure for pedestrians and bicyclists, and
improving public transit quality and convenience.

The Current Trajectogssumptioraboutthe expectedeffectiveness of the policy should not be
taken as oppositiorkive years ago, we -@uthored a research repotjoving California

Forward which foundthat sustainable community strategieffer significant emission reduction
potentialwhile delivering cleaconomidbenefitsthat grow even stronger when considering
broader social impact€urrent esults from the California ERSoshowsustanable community
strategiedo be attractive Emission reductions are negative cost, saving many hundreds of
dollars per tom more than any other policy considered. And these results do not even consider
the economic benefits fromonsumers wastinkgss tine in traffic (a productivity drag) or the

23 Excerpts from page 25 of 2817 Scoping Plan

Strategies related to freigltucks:

o Deploy over 100,000 freight vehicles and equipment capable of zero emission operation and maximize both
zero and neaeero emission freight veldss and equipment powered by renewable energy by 2030.

o Putin place a new regulation targeting Last Mile Delivery, resulting in the use ofJowdaner engines and
the deployment of increasing numbers of zero emission trucks primarily for éldast3mile delivery trucks in
California. This measure assumes [zero emission vehicles] comprise 2.5 percent of neyw Cladssales in
local feets starting in 2020, increasing tod€rcent in 2025.

Passenger Buglated strategies:

o Innovative Clean Transit: Transition to a suite of innovative clean transit options. Assyreszka00f new
urban buses purchased beginning in 2018 will be esrigsion buses with the penetration of zero emission
technology ramped up to 100 percent of new bus sales in 2030.

24The 2017 Scoping Plan aimed to reduce per capita vehicle miles traveled 25 percent below the 2005 level by 2035.
To translate this poliayoal for use in the California EPS, we modify the target to total miles traveled. In light of the
present focus on 2030, we also adjust the target date from 2035 to Z880translation finds an approximately

equal reduction in 2030 of 18 percent beldve tBAU Scenario valueherefore, theassumption thapolicyis half as
effectiveas intendedmplies a reduction iaggregatevehicle miles traveled of roughly 9 perceetow the BAU

Scenario.
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public health benefits associated with more active lifestyles. Furtladkablecommunitieswith
good transit servicare in high demand yet are undersupplied. Myriad market failures stop new
development of this@t, so another unpriced benefit of sustainable community strategies is
giving people the ability to choose these communities.

Thuswe support continued efforts to find new strategies that will deliver better urban design
and mobility The lower expectain in the modekegarding future emission reductiofiem
sustainable community strategissnply reflects the institutional and political challenges, as well
as empirical evidencghowingthe difficulty ofloweringvehicle miles traveled.

Succesn this fronthas remaied elusive under Senate Bil5, which became law in 2008nd
related efforts Senate BilB75 didnot give new authority to the state to force lande change.
In 2017, the statadoptedSenate Bill 150, calling for retrospeetanalysievery four years

thereafter CARRRAR y 20 YAy OS 42 NRaAReyfinding af thlkegSig i + aas

that California is not omdck to meet the GH&ductions expected und&enate BilB75 for
2020, with enssions from statewide gaengewnehicle travel per capita increasing and going in
the wrong directiod (CARB 2018a

Compounding the challenge are mega treddging increased demand fboth freight and
passengetravel.Ecommerce is already pushing freight transportation miles upward. New food
and other delivery services are also growing in populatéagingcontinued upward commercial
pressure on travelemand.

In passengetransportation innovationsuch as shared mobility and setiving carare very

likely to increaseehicle miles traveleRide sharing is currdptecognized agisingvehicle
YATS&a GNY @St SR RdzS (G2 aRSIFRKSF RAY 3 =diving S o>
vehicles are almost certain to boost travel demand. A recent empirical study fours et
vehicle nilestraveled increased by 83 percemith selfdriving vehiclegHarb et al. 2018 This

was just one study with a small sample size, but it providesvogld evidence that the spread

of seltdriving carss likely tdead to morevehicle miles traveled.

For these reasonsg, lower level of effectiveness reflects more realistic expectations of future
success in meeting go&ts vehicle miles traveled.

Notably,some progress has been made in the realms of transit and t@reited
development. Andt is possile that the governor andhe legislaturewill agree ora
transformative law, fundamentally shifting the stiteal balance of power regarding lanske
decisions. Legislative efforts appear to be gaining steemgh prospects for success are
uncertain We explore thgossibilitythat sustainablecommunitystrategieswill become more
effectiveas part of the sensitivity analysis conducted for this report

5.3. CARBON PRIANG

The method used to set expected future carbon prioeshe Current Trajectory Scenarso
based on @onstant projection methodNe impute the carbon price in future years as the same
percentage above the price floor observed in pastian results. The average of the settlement
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prices at the four auctions of California carbon allowances that occurred in 2019 was 8 percent
Fo2@S GKS FE22NJ LINAOS® hy (KA& o-4ndtlade>s (GKS OF N
program is expected teeach a price of #per metric ton in 2030

The constant projection methaglas chosenbecauset is a relatively assumptieinee approach

to projecting future values, which is appropriate in light of uncertainty about what the actual
future level will beCurrent market fundamentals certainly suggest low prices could persist for
years, but the behavior of speculative investors in the market is difficult to predict.

Due to uncertainty antb the rolethat the 2017 Scoping Plan accordea&obon pricings the
lynchpin of the strategy, the sensitivity analysis explibre effect of different possible future
carbon price pathdzigure6 shows a range afcenarios tested, as well tie Current Trajectory
ScenarioLow Price and High Price scenarios ré&&thper metric ton (201dollars) and $101
per metric ton (201dollars) in 203Q respectively, approximating the floor and ceiling in the
currentdesig2 ¥ G KS &nttraileéSpibgrantrheMid Pricescenariosplits the difference
between these two.

Figure6. Carbon pice expected in Current Trajectand other scenarios
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included in all the scenari@wnodeling of changes to carbon pricing. Because of the overlap, the graphical presentation uses a
different label for these future valuddistorical valugare calculated aanaverage of quarterly auction settlement prices.

Source: CARB auction resultstistorical data 2012019

The Appendix discusses in more detailftetors considered in forming price scenarids)ving

into the history, politicabconomy, and leading studies from academicians and carbon market
consultants. Briefly, we note that privatélgld banked allowances, i.e., those in the hands of

regulated businesses or speculative investors beyond the amount needed to cover current and

past emissions, now total roughly 280A £ f A 2y & dzN1J dza |t f 26l yOSasz Y2
of covered emissiongnfnan et al. 2019 ithgow 2018). Surplus allowancesn be held

indefinitely and used in future years.
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5.4. UPPER AND LOWER BOUDS ON CURRENT POLICY H-FECTIVENESS

The future emission pathway resulting from the Current Trend Scenario represents an expected
outcome,but different plausible future scenarios aregsible Sensitivityanalysis evaluated a
range of alternative valueonsidered reasonably likely

ThelLower Bound Senariodefines the fastest emission reductiatesveloped as a result of
varying assumptions underlying the Current Trajectory Scefd&eihower Bound Senario
includes one variation from the policy settings in the Current Trajectory Scenkigherthan-
expected carbon price, reaching $63 per metric ton in 2030. By comparison, the Current
Trajectory Scenario assumes the price of carbanhes $8 per metric ton in 2030.

TheUpper Bound Senariodefinesthe slowestemission reductiondeveloped as a result of

varying assumptions underlying the Current Trajectory Scelatins scenariojehicle

standards both fleet average tailpipemissions standards and zero emission vehicle

standards are frozen at 2020 lev&IThis scenariexploesthe possible effects @hn action

proposed bythe USEnvironmentaProtection Agencthat would weaken existing federal rules

for increasing vehiclaiél economyrequiring ono vehicle fuel economy or [GHG] emissions
AYLINR@SYSyida F2N | LIS\RRO2E). TReTactibninlsd didekthy targedsA E & St
I TETAFT2NYAlI Q4 OSKAOES SyYArdaairzy LR{I{UDOASES LINRLR
Environmental Protection Agency and&Wepartment offransportatior?018).

The federal Clean Air Aexplicitly permitgCalifornia to setehicle emission standards under
certain conditions, as validated through a waiver of the rules otherwise giving the federal
government exclusive authority to regulatetor vehicle emissiong he state has used this
authority to seticlean car standards tailpipe emission standards thgbvernall vehicles
soldr and also to support the emergencezafro emissiowehicle technologies thugh
minimum sales requirements.

Therevocation of an existingawer has never been attempted aBARB has a track record of
winning in courtbut expert legal opiniois divided on the likelihood of succe&ven these
complexities, the Upper Bouriienario should not be read as a preutintof the likely effects of

a Trump administration victory in its battle with California over vehicle standards. What the
Upper Boundsenario does iglustrate the importance of the carbon intensity of motor vehicles
in California

5.5. CURRENTRAJECTORYRESULTS

Using theCurrent Trajectorfcenario as representatiorof existing policy, thEPSinds that
the currentframeworkcauseemissionsn 2030to fall to284 MMT ofCQe, roughly25 MMT
above the targetasillustratedbelow. Thisquantity ofemissions remaining above the target
RSTAYSR a & KS aLR2fAOe 3l LI
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Figure?. CaliforniaEPSinds a policygap ofapproximately25 MMT ofCQe

500
—Upper bound
450
2020 target —Current Trajectory Scenario
400
—Lower bound
350
Amount above target
9, 300 43 MMT
8 25 MMT
13 MMT
s 250 2030 target
—_
E
200
150
100
50
0
A ke Q QO N 0, ol b \o] o A So} Q Q
My S T H DL S VDD
O O R S S S

Source: California EPS

Figure 7Tgraphsthe results of the current trajectory analysis, showing thaiGheent Trajectory
Scenario leaves emissions approximately 25 MNCIQe above the 2030 targeflhe figure also
shows the emissions paths found for the upper and lower bound scenaridsearastilting
2030 emission gap, which ranges frd8to 43 MMT of CQe. Finally, Fgure 7 alsshows
emissiorlevek estimaged for an Initial Scoping Pl&cenario, referring tahe first economywide
policy planning process CARB undertook in serviceetfrmgethe 2020 target® Thiscomparison
offers some context on the strength of current policies, which redoussionsy roughly
130MMT of C@e over the original Assembly Bill 32 packegikected in the Initial Scoping Plan
Scenario

In other recent wark, Next10 and Beacon Economig819 take a different approach to
analyzing current trends. They project recent emission reduction tietadthe futurewithout
attemptingto account for changing policy parameters. Next10 and Beacon Econdddigs (
also conclude California will netedstrengthen its policies in order to liite 2030 target.

25 The emission projection to 2030 for the Initial Scopiag Btenario is drawn from a pedease version of the California EPS
that was developed during participation in the third California Climate Policy Modeling Dialogue (Fulton et al. 2019).
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6. CRITERIA FOR POLICSTRENGTHENING

This section describes the criteria usedgcomnendpoliciesi 2 YSSG / Fft AT2NY Al Q&
emissions targeFourcriteriawereused (1)meeting the 2030 goa(2)achievingcost
effectiveness(3)minimizingtechnology riskand(4) minimizing risks related faolicy

effectiveness and polisc

The firsttwo criteria interact directly with model outputseffect on emissions and economic
andmonetizedsocial impactsThe overarching goal was inducing emission reductions sufficient
to achieve the2030 target Within the constraint of 2030 emissions fallirgply 258.6MMT of
CQe, significant attention also went tmst effectivenesOptimizationof the type common in
economics and operations reseaismot buit into the structure of the EPBuyt such ost
minimizationcan be approximated using the model

Minimizngtechnology riskvas a third consideratioin practicewith the targetjustone decade
away,this means relying oturrently available ansubstantiatedechnology Utimately, these
options provedargelysufficient to hit the goallThecarbon capture and sequestration
technology usedsalynchpinof the compliancestrategy for tle proposed cement and concrete
standardisthe most novel technology deployed. Demonstratiarbon capture and
sequestratiorprojects exist some of them quite lamgin scale Butdespite promising indicators
of falling cost, significant market deployment has yet to occur.

Fourth, recommendation development took into account the possibility of policy
underperformancend political riskinstitutionalandbehaviorabarriers are amonthe factors
that may inhibit policy effectivenssFor example, the sustainable commusitgtegies that the
state is pursuingnderSenate Bill 375 appear highly cost effective in California EPS results,
savingon the order of$1,000 @r metric ton?” Nonethelesstiwas deemed unwise to count too
significanly onreductions from passenger travel demand managenmlsmtal government
control of landuse decisions is one clear fadiaritingthe effectiveness of such state policies.

Carbon pricingoresens an examplef political risksThe carbon price included in the Energy
Innovation Scenarioreaching the migboint between the current price floor and ceiling in 2030,
i.e., roughly $63 per metric ton (2017 dollarsgflects a judgmetrthat higher levelsnay be
politically infeasible.

1. RECOMMENDED POLICY STRENGTHENG

This sectiomtroducesthe sixrecommended policy enhancemeimshe Energy Innovation
Scenarigexplaininghow they function andtheir calibration in the modeling.

26 The EPS model download provides Python code to enable batcmdits enable searching for expenditure savings across a
range of policy combinations, allowing identification of-coistimizing combinations.
27 As mentioned, the state policy is represented using the passenger travel demand management in the mauitd. The

presented for this metric are the same as for the policy benefit curve. Direct monetary impacts are calculated as the net
present value of spending effects through 2030, discounted at 3 percent annually.
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Table 1, below, provides an overview.

Tablel. Recommendtionsin briefq key features and quantitative calibration in the model

Policy(sector)

Description

Calibration

Strengthening oéxisting policies

Capandtrade
program

(Multiple sectors)

[ AYy]1 GKS LINEJ
price floor to whether or not
overall emissions are on traq
for the 2030 goal.

As augmented, the carbon priceaches the
mid-point between floor and ceiling prices,
$63 per metric ton, in 2030.

Clean energy
standard

(Electricity supply)

Ratchetup standards
Modeling also represents
additional storage and
demand response needed fq
electricity reliability.

Electricity sector emissions fall t8 IBIMT of
CQe in 2030, compared to 46 MMifder
current plansRenewable electricity
generation grows by percent.Modeling
accounts for gstem reliabilityneeds through
additionalbattery storage angeak load
shifting

Zero emission

Increase requirements unde

Zero emissiorehicleseach75 percent of

electrification

building and appliance
policies to promote faster
substitution of electrified
technologies for natural gas.

vehicles the zero emission vehicle passenger car and truskles in 203Gnd the

(Transportation) mandate for passenger cars numbgr ofelectric vehicled y / It AT
and trucks statewide fleet grows to exce&d5 million

Building Continue to recalibrate state| Policy effects are modeled as a shift to

increasing shares of advanced electric hea;
pumps in new unit sales for rdential space
heating and water heating, reaching 50
percent of new sales in 2030.

New initiatives

Zero emission heat
standard

Implement steadily increasin
performance standard
requiring a minimum amount
of zero emission heat.

Reductions peak at halfe technical
potential for solar thermal steam to
substitute for natural gas as identified by IC
(2015H. In 2030this is roughly equal to a 6
percentfuel switch from natural gas to solar
thermal?®

Cleaner concrete
production

Implement performance
standard requiring steady
reductions in GHG emission

In the Energy Innovation Scenario, 2030
emissiongelated to concrete productiofall
44 percent below theempirical level
observed irR017.

Some of the recommendations in Table 1 are readily connéatexisting policies. The carbon

pricing policy is ready implement off the shelfso to speak. The electricity, transportation, and

2By CcdzSt
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https://www.glasspoint.com/media/2015/02/ICF_Impact-of-Solar-Powered-Oil-Production-on-Californias-Economy_January-2015.pdf

building sector policies also correspond to existing initiatives. Theeb@mmmended industry
sectorpolicies are more novel. The discussion that follows exsiain these policies are
represented in te model and suggespractical next steps for policymakers.

Policystrengtht in EPS terminology, the policy setiing the key factor determining thel2 f A O& Qa
effect for a given set of input assumptions. How a policy changes overkimoen as the policy
implementation scheduteis also crucial. Model users running either the Vensim software or

the web application can adjust both parameters.

Policies in the recommended package begin ramping up in 2022, starting with carbon pricing and
electricity sector plicies. New initiatives are expected to take more time to launch, but we
recommend prioritizing a fast start on the policy targeting emissions from cement and concrete
production. Quick action will leverage current federal tax credits for carbon captlire an
sequestration, which require projects to be installed by January 1, 2024. Other policies on
building electrification, vehicles, and industry heat are implemented beginning in 2024.

7.1. CARBON PRICING

The Energy Innovation Scenario models a higher carbmn (863 per metric ton in 2030) than
doesthe Current Trajectory Scenario 82r metric ton in 2030)The EPS findbat the carbon
price generates favorabkronomic and social impactsjt policymakers have expressed
concerns over a political backlagprices rise too much or too fagbsent political constraints,
our recommendations would have included an even more robust contribution from higher
expected carbon prices.

The political challengeassociated with carbon pricing, which policymakersregabtheir peril

canpartly be traced to problems of perceptioA.carbon price works to counter the market

failure that exists if atmospheric dumping is free. The added cost is needed for efficient market
functioning, but it also is subjecttobeingdab SR & + il EZé¢ | LRt AGAOI

The problem is not just one of perception. The carbon pricing narrative from economic theory
emphasizes smooth, rational adjustments. In this narrative, the carbon price avoids suboptimal
energy use. Theriver turns off the car instead of letting it idle while waiting. The homeowner
remembers to turn off the air conditioning as she leaves the house.

In reality some households could face higher costs with little opportunity to aéjoisexample,
intheO2y G SEG 2 T -dederidénftrarispbrratiof systebamdidousingcarcity some

people of modest means cannot affordlioya more efficient vehicland have limited

prospects fomovingcloser totheir place ofwork. For Californians facing alreatiyn household

margins for survivalespecially those with long commuteany new costs tied to higher carbon

prices may trigger feelings of injustice. More broadly speatiragnging the economic playing

field withoutd&RRNB A a3 Ay 3 dzy RSNI @Ay 3 AGNHzOGdzNI € O2yaid NI
opportunities to adjust can generate political opposition.
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Carbon market supply and demand trends and other factors shppaggexpectations anithe
carbon pricingecommendaibn are further discussed in the Appendix.

7.2. CLEANELECTRICITYSTANDARD
¢KS aidl dSQa NXBy S ghadsenid dsish&l@ostanipdrtant diiviedof R I NR
decarbonization in utilievel electricity supply. The renewable portfolio standard requires
electric utilities to deliver an increasing percentage of renewable electricity over time, calculated
as a fraction of retail salé¥Renewable power sources include wind, utiitgle solar thermal
and photovoltaic, biomass, geothermal, and small hydobet.

{SYyIG4S . Afft wmnedpeicenNE§ndaiesBay Btypduced e AU Scenario

discussion in section 4.Phe requiremenis maintained in the Current Trajectory Scendtie

OAff YFENJa | GNIyYyardazy YiiRa & a2 ySEY LIKS Al (RAy2 yo OX 7
known agiThe 100 Percent Clean Energy Act of Z0b@ billestablistes a2045 targetof

100percent clean energyrhelegislationdoes not specifically defitketermd Ot S| y T €

delegating this decision tbe CalifornicEnergy Commissioithough the Commission has issued

no rulingyet, conventional wisdom would suggest that the broader standard may also allow

nuclear, largdydroelectricand natural gas with carbon capture and sequestration.

Senate Billl00 has launched a debate about whether and how fast to transition from current
renewable electricity standards to a broader clean energy standard. Renewable technologies
have been prioritized in California based on an understanding they have a loateraloll
environmental impact than other leamission source#t very high levels of decarbonization, it
makes sense to allow for a broader set of zero emission sources.

hdzNJ 62N)] A& 3IdZARSR o0& GKS Y2 aiermpBnoisyfdress, a & dzy LI
which considered three scenari@alifornia Public Utilities Commissiiii9. These three
scenarioqrereferred to according to the level of seciwide emissions achieglén 2030: 46,

38, and 3AMMT of CQ@e, respectivelyThe 46 MMT Scenario currently driving system planning is

the basis for the BAU and Current Trajectognarios in this report. The Energy Innovation

{ OSYy I NA2Qa St Sigdliktht€d xothe 383VEBAD ScarddiolJ2 £ A O &

2S y23S (KIFG S@Sy Ay GKS on aaronpla®iSguselh 23 Y2 R
mix of new solar and wind powas newsources of electricitgeneration. This reflects an

assumption that only renewables, natural gasjstorage and demand response are available as

new resource¢E3 2019 California has banned new nuclear power plants and has not added
meaningful large hydroelectric capacity in many ydduslear and hydroelectraze wo of the

29 Typically, up to 10 percent of electricity consumed in California may fall outside of the scope of retail sales. Watgrgpumpin

large source of electricity demand, is an eplEmAlso, note that electricity imports are static as represented in the BAU

Scenario, unless directly modified by policy levers that allow model users to directly increase or decrease importg¢sand expor

Turning up the strength of the clean energy stddolicy in the EPS only affects capacity and generation within California. The

reason for the lack of more nuanced treatment of imports is that Energy Innovation has typically applied ther§®S to

countries where imported electricity isrelativelyd A Ay A TA Ol yid ¢KS fFNHS &KIFINB 2F AYLERNISI
mix is unusual even among U.S. states.
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https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/2019%20IRP%20Proposed%20Reference%20System%20Plan_20191106.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/Prelim_Results_Proposed_Inputs_and_Assumptions_2019-2020_10-4-19.pdf

main candidates adddd the list of qualifying technologiéy theexpansion of qualifying
technologies under elean energgtandard as compared to a renewalginergy standardin
oft-mentionedthird candidate is carbon capture and sequestration for natural gashibut
technologyis stillquite costlycompared to other zergarbon alternativesyetat levels

substantially below 90 percent decarbonizationQag y G SY LI | G4 SR Awi planfirt

ax
[N

and in this report, the distinction betweérenewabl& and cclearg electricity requirements is
less important thamvhen the system approaches 90 perceni®® percentcarbon free

The Enggy Innovation Scena increaseshe amount of electricity sourced frosolar and wind
powerby 7 percentin 203Q whichreduceselectricity supplygmissions by approximate MM T
of CQe in 2030.The strength of thepolicy was calibrated bytcheting uphe clean energy

standard? a

NE |j dehtiNSBcvoBeyhissions declined 88 MMTto align withmodeling done

forthed G | éleStexity sectotongrun planning processs mentionedCalifornia Public

Utilities Commissio®019).3° Modeling of the policy also draws 6rk S

& 0 krin®lanaingt 2 y 3

procesdo informassumptios made regading the parallel investmentis flexibility resources
associated with higher levels of solar and wind power, for the purpose of system retfability.

Figure8. Electricity supply metrics@urrent Trajectorgnd Eergylnnovationscenarics
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30The relevant proceeding at the utilities commission is technically known ksebeed Resource Plan and Long Term

Procurement Plan

31 Flexibility resources are a way for electricity system planners to analyze whether different hypothetical system carsfiguratio
will ensure electricity supply is sufficient to meet peak loads, as negésisaystem reliability. Electricity sector modeling with
the California EPS for this report makes use of two flexibility resobettsy storage and demand response (the ability to

reduce peak demand, especially by shifting electricity loads-peaif periods).
29
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https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/2019%20IRP%20Proposed%20Reference%20System%20Plan_20191106.pdfhttps:/www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/Attachment%20A_Proposed%20Preferred%20System%20Portfolio%20for%20IRP%202018_final.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/2019%20IRP%20Proposed%20Reference%20System%20Plan_20191106.pdfhttps:/www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/2018/Attachment%20A_Proposed%20Preferred%20System%20Portfolio%20for%20IRP%202018_final.pdf
https://www.cpuc.ca.gov/irp/
https://www.cpuc.ca.gov/irp/

Source: California EPS

Figure 8hows renewable and clean energy generation achieved as percentages of retail sales,
illustratingthat the planned Diablo Canyon nuclear power plant closateses theshare of clean
generationto deaeasebetween 2025 and 2026 he incremental differendaduced by the

Energy Innovation Scenario is getcentin renewableslectricityand 7.5 percenin clean

energys?

7.3. ZEROEMISSIONHEATSTANDARD

Thezeroemissiorheatperformance standard for industryasiew concept but itdraws
inspiration fromCalifornia policymakeforkto advance the state of the art in desigm
technologically neutraflexible performance standasdTherecommendedzero emissiomeat
standad for industryis calibratedn the modelingbased orthe potentialto displace natural gas
with solar thermal energin oil extractionThough initidy calibrated to reflect the potential
available with current technologidbge policy should be refinedrequirements upped as

other technological options reach commersiedle and cost competitivenessv8ralemerging
options show promise to reach commercial viability

In 2017, natural gas combustion for oil extraction accounted for more thpargént of

I TEAF2NYALIQa G2aGFf yFGdz2NF € 3FF & dzaSzE fyz2ad Sy
oil extraction3 The recommended calibration of this policy equals approximately half of the fuel
switching potential in Californias identified by the etsultancy ICF Internation&Q15, which
estimatescosteffective displacement for up 30 percent of steam from natural gas for oil

extraction.

Severatompanies ar@ow offering to provide solar thermal steam at a proenpetitive with
conventionallygenerated steamYeti KS LINA OS & A 3y | -andtradieNabgfami KS  a i |
and the low carbon fuel standard havet provided sufficient incentives forvestment While

emission reduction credits under the low carbon fuel standard have recently appildaehe

price ceiling, future priceare still too uncertaimo unlock the large ufront financing required.

Natural gas combustion for enhanced oil and gas extraction presents a singularly large emission
reduction opportunity based on a relatively simple technological substitute that already exists
and is commercialized, but is not seeing-&astugh uptake. Ithe end, it is the most cost

effective policy.

Turning from the neaterm opportunity for more use afurrentlycommercializegolar thermal
technolog, sveral emerging technologies for providing zero emission heat are showing
promise.In laboratory andiemonstration projectssolar thermal energy has beable to reach

32 The valuesshown in Figure 8iffer slightly from these values due to rounding.

33 Of all energy used in California oil production, 90 percent is in the form of 3@BMRQ1LP. 2). This is equivalent to
approximately 96 percent of energy from natural gas, based on the oil extraghisector data on energy demand in the 2017
Scoping Plan analysARB 2017b

30
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the very high temperatueneeded to produce materials like cement and stbat no company
hasmanagedo deliver such high temperatures at commercial or industrial scale, at competitive
prices APasadenaompany is trying tdo so with a new approadaveraging the latest

advances isensors and softwardémple 2019 Anotheremerging option for zero emission

heat for industrial use involveembustng hydrogenproduced from electrolysis powered by
renewable electricityCarbon capture and sequestratiorethods could provide another

pathway.

Azeroemissiorheatperformance standardiouldvery likelyrequire newlegalauthority. $ich a
policyappearsi 2 68 SEOft dzZRSR FTNRY /! w. Q&8 OdzNNBy d | dzii K
that the capandd NI RS LINE 3 NJ Yhe tule Brp&roléufd refinériestal aad gas

production facilities to achieve thdBHGS YA & & A 2 Y & (ABsBrbhzBIlli3oE v & £
Section38592.5a)(1).

7.4. BUILDING ELECTRIFICAON

Strengtheninghe building electrificatiopolicy lever directly ratchets up new sales of advanced
electric heat pumps in residential buildings for water and space heating and cooling. Put
differently, building electrification is accomplished in the mbgadialing up new equipment
sales. This policy is calibrated in the model such thpeB&tent of new sales of residential space
heating and water heating equipment in 2030 are shifted to electricity from units otherwise
fueled by natural gas the BAU and Currentdjectoryscenarios. Those scenarios include some
purchase otlectric heat apliances, buhot of the highlyefficientadvanced heat pump type

The building electrification policy targéie sale ohew equipment, which affesboth newly
constructed buildings an@placemenbf equipment inexisting buildings. Every building sees
turnover of water and space heating equipment. These new purct@msggslaceunits reahing
end of life in existing buildings are also up for gratisemarketplace, and are affected by the
EPS building electrification policy.

Theoretically,@newablenatural gas uspresents an alternative approach to addressing the

emissions targeted withuilding electrificationOur modeling assumes that renewabéural

gas displaces all conventional gas use in the transportation sBatdine limits on sustainable

supplyof renewable natural gasppear to be a barrido much more widespread use

0Assuming California could access up to its @jemweightedshare of the L& supply of

sustainable wastproduct biomass, excluding purpegewn biomass crops, there appears to

be insufficient biomethariéto displace the necessary amount of building and industry fossil

natural gas consumption to meet thedi | lorig-@rén climate goals £3 2018p.33).Such

researct Ay G(KS O2yGSEG 2F GKS urd gas\far gaNgportationd t { Q& d

34 Biomethane is natural gas from sources understood to be carbon n&itralethane, smetimes called biogas, is naturally

occurring gas produced by the-called anaerobic digestion of organic matter. Chemically, it is identical to natural gas stored

deep in the ground. Biomethane is considered to be a caneairal source of energy undérlk € A F2NY Al Qa DI D | 002 dzy
methods, as is typical of inventory methods.
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suggests the sustainable supply of renewable natural gas is not large enaiggistpport
largescale decarbonization in buildings.

Initial modeling with the California EPS has t@&dje¢sidentiakectorbuildingsbecauseour

interviews with experts in the field suggested residences are understood to be the largest source
of costeffective emission reductions. GHG emissions from the residential sector are roughly
double the level of those in the commercial building sedtareover,the research liteature on
residential buildingoffersarecent, detailed economic analysisngempirical data on actual
California heat pump installatio(Synapse 2018

Thoughthe California EPS identifi@epathway to reaching the 2030 target with a building
electrificationpolicyonly affecting residential buildings and reaching 50 percent of iga®&8Q
policy should aim higher. In light of thiéeen- to twenty-year lifetime of such building
components and pos2030 goalsthe stateshoulddirect thatadvanced heat pumpasccount for
100 percent of new water heater and space heater sales for resideaiidings or as close as
possible to that goal

The levebf building electrification waselected in part to recognize potential hurdles. For
examplejnstallation in some existing buildings may be costly or deemed impractical. Moreover,
electric heapumps are less effective in very cold climates, though these conditiolisehyreo
affectonly a small fraction of Califorrbaildings.The policymaking environment is also
challenginglf the federal gogrnment already has appliance energy efficiestapdards, such as
exist forspace and water heatidg & G I 0 S&Y UINBRrEdi B setting their own,
separate efficiency standards.

A package of measures, not a single policy, will be needed for building electrification to succeed.
California poicymakershave already begun this woithe California Energy Commission is

analyzing the technology pathways available to remcission reductions in the building sector

of at least40 percent below 1990 levels by 2038 required undeAssembly Bill &2, sgned

into law in September 2018he California Energy Commiss@®@ K|l a | FEferdiy SR | vy
Efficiency ActioRlart that gives new emphasis to the role of building electrificafiba.

California Public Utilities Commissiasrevised rules for utility efficiency programsetwable

them to more flexiblpgupport uptake of advanced electric heat pumps.

State poligmakers are also actively working wabdl governmerd, as exemplified ihe
California Energy Commisdib@019 approval ofapplications from sigitiesfor buildingcode
changeghat encourage electrificatioin July 2019Berkeleyprohibited the connection of new
homes to natural gas infrastructure, effectivie@nningnatural gasisein new construction
within city Imits Myers 2019. Dozens ofities, from Carlsbad in the southp San Luis Obispo in
the central coast, to Windsor and Davis in the north, eN@wved suittaking steps ranging
from prohibithgnatural gas use in new building constructiori@aing monetaryincentives

that encoura@ consumers to purchase electtieat pump appliances.
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7.5. ZERO EMISSION VEHWILE POLICY

To spur additional lighkduty passenger vehicle deployment, the Energy Innovation Scenario uses
0KS Y2RSftQa StSOGNRO OSKAOES alfSa LISNF2NXIFyO
policyknown as the zero emission vehicle mandate. Leaving aside current policy details, which
includecomplicatiors such agpartial credits for hybrid vehicles, the policy in the modeuires

automakers to steadily ramp @bectric vehiclesales As specifieth the recommended package,

the policy ratchets up in strength to reachpercent of new sales in 2030, leading to roughly

7.5million zero emission liglituty passenger vehicles in te@atewidefleet, compared to 5
millionunderthe Current Trajector§cenario.

In the pastCARB requested and receivederal approval under the Clean Air Act in advance of
implemeningli KS &G+ GSQa 1T SNB Shekfard thebygoitgdsiiteOf S Y I YR |
between the Trump administration and CaliforNi® 3+ NRA Yy 3 (G KS & {ddseétSQa dzyA
vehicle emission standards under the federal Clean Aafi&cts this recommendatio’

performance standard, as used in the modelingybe unavailabldan practice requiring the use

of other tools.

BEven f the state has a free hand to craft vehicle policies as it chaa$esader array of

measures and policies must be involved. This is because, as with building electrification, the end
goal for policy ultimately involves consumer chofgeexample in th area of transportation

policy ishe issue otlectric vehicleharging The cost ofharging infrastructures included in

the modeling, but the model is not able to answer questions about the optimal mix of charger
types:How to regulate public chargig, forinstance orhow as a practical matter to ensure

accesdy renters living in mukfamily buildings, where the option to install a dedicated vehicle
charger may not exist.

7.6. PERFORMANCESTANDARD FOR CEMENAND CONCRETE

Concrete is an exciting arefar innovation in decarbonization technolodyy factthe potential
for net negativeconcreteemissionexistsbecause of the natural process of carbonizgtion
whereby thecement within concrete reabsorbs some of the €Qitted during production in
the decades after its manufactu(Rissman 20)8We recommend establishirgGHG emission
performance standard for concrete production

In the Energy Innovation Scenario, the addition of the proposedretestandard, as well as

greater reductions from carbon pricirggusell KS & dz0 8 SO0 2 NA 7MW Afa a A2y a (
CQe, a reduction o4 percent below ta 2017 level. This comparesa reduction of

17 percent below the 2017 levbly 2030 estimated under the Current Trajectory Scenario.

In parallel, v& also recommend establishing a border carbon adjustment for imported cement,
whereby cement imported frogurisdictionswith weakerclimate policies would be required to
pay a fee the border adjustment to account for unregulated GHG emissions, leveling the
playing field in the California market forstate producersAssemblyBill 398 (California
Legislature 20.)&pecificallrecommends considerirguch an approachiiThe state board shall
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https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398
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include recommendations to the Legislature on necessary statutory changes to the program to
reduceleakage, including the potential for a border carbon adjustment, while maintaining the
a0l G6SQa | oAf AGBetion3ss0eBRIOK AdGa GFNBSGas¢

Border carbon price adjustmenrtave long been seen aa elegant solution to competitiveness
concernsbut the lack ohotablerealworld examples evidences the challenges, which are in
large part analyticaRecent work byasanbeigi and Spring@019 develops new insights

about California industry and provides emission benchmarks for California production as
compared to that of other countries. This work provides a head start to taking on these issues.
The initial focus on a singlaustrysubsectomwill also help manage required international

supply chain analyses.

Expert @inion is divided about the legal vulnerabilities of such a politit.the courts weigh in,
a border adjustment policy necessarily involves legal uncertdiahetheless, borer
adjustments hold great potential as a tool for managing competitiveness concerns.

Hewing to best practice in policy design and encouraging innovation, we recommend a
technologyneutral GHG emission performance standard allowing plants to use theirgdefe
mitigation approachWe use the model to select a cestective combination of mitigation
options, principally using carbon capture and sequestration technology. Injec@ahairing
the cementmaking process accounts for a smaller portion ofréaictions. This reduces the
need for carborintensive material inputs, as reviewed by Rissr@ahd), who also profiles
other cuttingedge material input advances under development.-Bwitching from coal to
natural gas was consideréat inclusion among recommended poligibat was found to be a
highercost option.

Turning to the details relevant to carbon capture and sequestrafi@concentrations in flue
gas waste streams flowing out of cement kilns (the main en&igyg stage) are higher than for
typical coal or natural gas power plants or other industrial factariesefore, these emissions
are particularly amenable to camb capture technologies.

I O0O2NRAY3 (2 (GKS Y2ad NBOSyld RIFIGFXZ co LISNDOSyi
process emissions, due not to combustion but to a chemical process needed to prepare

limestone as an input to cement production. Tuanitfied carbon capture and sequestration

potential includes thesprocess emissions as well as combusteated CQemissions. This

F LILINR2 F OK Aa &dzZLJL2NILSR o0& [SSazy SiG i gKz2 2
O LJG dadp75)8° A CQceapture efficiency rate of 60 percenthich is the lower bound of

¥¢KS Y2RSt Q& a0NHzZOGdzNBE R28a y2i OdNNByiafte [fft26 GKS OFINb2y O
To overcome this, G@missions from petroleum refines in an amount equivalent to the process emissions from coal are

included under available potential and accessed in the Energy Innovation Scenario. This approach helps ensure the calculation
correctly account for the energy penalty associated with cadapture and sequestration technology. Results presented in this

report are processed to fallocate these emission reductions to the cement subsector, but web application results will not

automatically carry out this adjustment.
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https://buyclean.org/media/2019/04/CA-Cement-benchmarking-report-Rev-Final.pdf
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capture efficiency estimates among cement capture studies survisyassumed for this policy
(Leeson et al. 201D.76, see Tablé).

Because this policy requires new infrastructure development, its effectiveness will depend on

gaining community acceptance for projects & S NI |j dzA NS RThé apgemse éf (1 N1zO (i dzN
sufficient C@pipeline infrastructure in California is another impediment to [carbon capture]

project development . . . there are an estimated 4,513 miles of dedicatepifelnes in the

United States, noneTo ¢ KA OK | NB A tffie Ehdrgy Rutueiiitiati@D1, ppBh. i S &

8. RESULTS

This section reviews estimated impacts from the recommended policies, starting with individual
emission impacts and costs by policy, then turning to impacts for the package as a whole.

8.1. EMISSION REDUCTIONS8Y POLICY

Emission reductions induced by the recoemded policies ardepicted in two waysgrigure 9
provides a broagtiew,showing emission reductions for each policy overtiroaledpolicy
wedges with the vertical axishowingthe fullemissiongange over time.

Figure9. Poliy wedgeg; effects oremissios by policy
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Source: California EPS

Thesecond perspective, shownhkigure 10focuses on emission reductions in isolafrom
emission levelsSirinking the axemakesit easier to see how individual policy effects change
over time.
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FigurelOQ. Policy wedgescloseup perspective on emission reductions

Source: California EPS

Theincreasing impaaif the electricity sector policin later yeasis much more readily
observable in Figure 1creased building electrification and greater use of electricity as a
transportation fuebver time magnify emission reductioattributableto the electricity sector
policy. In 2030,strengthening of the clean energy standardducesan impact estimated at

80 percent of the impact due to carbon price strengtheningcomparison, in earlier years,
strengthening the clean energy standard induces emission reductions thasatbarhalf as
large as those due to carbon price strengtheriifdnis resulillustrates howsystem interactions
can play an important role in determining policy effects.

36 policyby-policy resuk are determined by the magnitude of the effect when a single policy is disabled (and other policies in

the package remain in force). In other words, these results show how much emissions increase when the policy is eliminated (o
reduced to the level ithe Current Trajectory Scenario) but all other Energy Innovation Scenario policies remain enabled.
Readers may consult subsection 3.2.2., Consistent Treatment of Individual Policy in a Package, for additional explanation.
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