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SUMMARY FOR POLICYMAKERS 

California is a global leader in the clean energy transition, having met its 2020 economy-wide 

target of reducing greenhouse gas (GHG) emissions below 1990 levels four years ahead of 

schedule.1 The state is now working toward a 2030 target of reducing emissions 40 percent 

below 1990 levels, meaning statewide emissions must fall below 260 million metric tons (MMT) 

of carbon dioxide equivalent (CO2e).2  

/ŀƭƛŦƻǊƴƛŀΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ ƛƴǾŜƴǘƻǊȅ Řŀǘŀ ǎƘƻǿs emissions of 424 MMT of CO2e in 2017, so hitting 

the 2030 target will require reducing emissions by an average of 13 MMT of CO2e annually, or 

nearly double the annual rate of 7 MMT of CO2e over the past decade.3   

We developed a California version of the Energy Policy Simulator ό9t{ύ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǎǘŀǘŜΩǎ 

expected future emission trajectory and the likelihood it will deliver the reductions needed to 

ƳŜŜǘ /ŀƭƛŦƻǊƴƛŀΩǎ нлол ŜƳƛǎǎƛƻƴǎ ƎƻŀƭΦ ¢ƘŜ /ŀƭƛŦƻǊƴƛŀ 9t{ ŦƛƴŘǎ ǘƘŀǘ ŜȄƛǎǘƛƴƎ ŎƭƛƳŀǘŜ ǇƻƭƛŎƛŜǎ 

reduce 2030 emissions by more than 100 MMT of CO2e, but leave emissions about 25 MMT of 

CO2e above the 2030 target.  

The model also identifies and evaluates a set of six preferred policies that together hit the 

emissions reduction goal. Policy recommendations were crafted to reach the 2030 target based 

on maximizing cost-effectiveness and political feasibility while reducing technological risk. 

The model finds these policy recommendations yield direct economic benefits of $7.5 billion, 

calculated as the present value of cumulative economic effects through 2030.4 The 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 

estimated at $14 billion cumulatively through 2030. Economic and social impacts total $22 billion 

through 2030. 

The EPS evaluates economy-wide carbon pricing and dozens of sector-specific policies, enabling 

new visibility into the effectiveness of different combinations of climate policies. The model is 

transparent, open source, 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 running the full model or a web-enabled version, which runs in real time and 

displays about 100 pre-prepared data visualizations.5  

                                                      
1 Assembly Bill 32, which passed in 2006, established the 2020 target.  

2 More precisely, the target implies a limit of 258.6 MMT of CO2e (60 percent of 431). 

3 The historical rate is calculated by comparing 2017 emissions at 424.1 MMT CO2e with 2007 emissions at 490.9 MMT CO2e, 
showing a difference of 66.7, yielding the calculation 66.7/10 = 6.67 MMT CO2e/year. The future rate is calculated as               
424.1 ς 258.6 = 165.5 over 13 years, yielding 165.5/13 = 12.73 MMT CO2e/year (CARB 2019). 

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

5 Available at california.energypolicy.solutions. 

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

The first four recommendations strengthen existing policies:   

1. Fortify cap-and-trade design by explicitly linking program emission permit prices to the rate of 

statewide emission reductions by ǊŜŦƻǊƳƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ǇǊƛŎŜ ŦƭƻƻǊτthe minimum price 

accepted at emission permit auctions. The cap-and-ǘǊŀŘŜ ǇǊƻƎǊŀƳΩǎ ǇǊƛŎŜ ŦƭƻƻǊ ǎƘƻǳƭŘ ǊƛǎŜ 

more quickly if emissions are not decreasing at a pace consistent with the 2030 target.   
  

2. Ratchet up clean energy standards on electricity supply. Senate Bill 100 sets a 60 percent 

renewable electricity standard for 2030. The recommended enhancement increases zero 

emission electricity supply by 7 percent, reducing sector emissions to 38 MMT of CO2e. This 

level was chosen to align with modeling performed for ǘƘŜ ǎǘŀǘŜΩǎ ƭƻƴƎ-run planning process, 

which also informs the addition of flexibility resources to the electricity system to ensure 

supply reliability (California Public Utilities Commission 2019).6 

 

3. Increase transportation sector ambition, ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ zero emission vehicles goal to 

7.5 million vehicles by 2030, up from the current objective of 5 million. The goal is achieved in 

the modeling by increasing the zero-emission vehicle mandate to boost the fraction of zero 

emission vehicles to 75 percent of new car and light truck sales in 2030. 
 

4. Accelerate building electrification, aiming for advanced electric heat pumps to represent at 

least 50 percent of new sales of water heaters and space heaters for residential buildings, 

including units for new construction and replacements in existing buildings.  
 

The two remaining policy recommendations involve new initiatives: 

 

5. Establish a zero emission performance standard for heat applied to the industry sector. This 

policy would jump-start the use of existing cost-effective 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 California (Global Efficiency Intelligence 

2019), and is an exciting area for technological innovation (Rissman 2018).  

The two new policy initiatives merit additional explanation. Industrial 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 oil 

extraction. Oil extraction represents a surprisingly large share ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ƴŀǘǳǊŀƭ Ǝŀǎ 

demandτ15 to 20 percentτand more than 90 percent of energy used for petroleum extraction 

goes to generating steam for enhanced production (ICF 2015). Our recommended policy is 

                                                      
6 Flexibility resources are methods that electricity system planners use to ensure electricity supply is sufficient to meet peak 
loads, as necessary to ensure system reliability. Our modeling uses two flexibility resources: battery storage and demand 
response (the ability to reduce peak demand, especially by shifting electricity loads to off-peak periods). 

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
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calibrated to achieve half of the potential ICF identified for solar thermal steam substitution (ICF 

2015).  

As other technological options reach commercial viability, they can be integrated into the design 

of the proposed zero emission heat performance standard. Solar thermal energy has thus far 

been unable to cost-effectively deliver the very high temperatures needed to produce materials 

like cement and steel. A Pasadena company has achieved such high temperatures with solar 

thermal technology by leveraging the latest sensors and software, though the venture is not yet 

cost competitive (Temple 2019). Another promising, emerging option for zero emission heat for 

industrial use involves 

combusting hydrogen 

produced from electrolysis 

powered by renewable 

electricity. 

The recommended GHG 

standard for cement and 

concrete production focuses 

on emission performance 

but remains technology 

neutral, allowing it to 

automatically adapt if more 

cost-effective options 

emerge. Roughly 90 percent of emission reductions in the California EPS are achieved by 

retrofitting existing plants for carbon capture and sequestration technology, which extracts 

carbon dioxide from pollutant outflows for storage in existing underground reservoirs. The 

remaining reductions are expected from a new method for reducing the emission-intensive 

inputs required to produce a unit of concrete (while increasing quality). 

Alongside this GHG standard, we recommend establishing a border carbon adjustment requiring 

cement and concrete imports from jurisdictions with weaker climate policies to pay a fee to 

account for their embedded, unregulated GHG emissions. A border adjustment would level the 

playing field in the California market for in-state producers. Assembly Bill 398 (California 

Legislature 2017) recommends considering such an approach.7 Although 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.I. 

An advanced solar thermal plant built in Lancaster, California, has 

successfully reached the very high temperatures needed for many industrial 

processes. Photo source: Heliogen 

 

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/
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CURRENT TRAJECTORY ANALYSIS 

¢ƻ ŜǾŀƭǳŀǘŜ /ŀƭƛŦƻǊƴƛŀΩǎ current emission trajectory, we programmed the model with parameters 

representing existing policy commitments. In this Current Trajectory Scenario, existing policy is 

broadly defined to include rules backed by the force of law as well as stated commitments, such 

as goals set by executive order. The scenario assumes policies perform as expected based on the 

ǎǘŀǘŜΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ ƭƻƴƎ-term planning exercise, the California Air Resources Board (CARB) 2017 

Scoping Plan (CARB 2017a; CARB 2017b).8  

While the Current Trajectory Scenario generally assumes successful policy implementation, the 

expectation with ǊŜǎǇŜŎǘ ǘƻ άǎǳǎǘŀƛƴŀōƭŜ ŎƻƳƳǳƴƛǘȅ ǎǘǊŀǘŜƎƛŜǎέ ƛǎ ŀƴ ŜȄŎŜǇǘƛƻƴΥ Under the 

Current Trajectory Scenario the policy is half as effective as long-range planning had expected.  

Sustainable community strategies encompass efforts to build walkable neighborhoods close 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 and well-established co-

benefits related to health, traffic congestion, and quality of life. Nonetheless, state-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 increasing again after a period of decline (CARB 2018c). The Newsom administration is 

revising its approaches under current law, and it is possible new legislation could expand state 

policymaker 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 future emission outcomes, testing 

different assumptions about policy effectiveness. 

¶ TƘŜ άƭƻǿŜǊ ōoundέ scenario models the future emission path with a higher-than-expected 

carbon price, reaching $63 per metric ton in 2030. By comparison, the Current Trajectory 

Scenario assumes the carbon price reaches $28 per metric ton in 2030.  

¶ The άǳǇǇŜǊ ōƻǳƴŘέ ǎŎŜƴŀǊƛƻ ƳƻŘŜƭǎ ǘƘŜ Ŧǳǘǳre emission path if motor vehicle efficiency and 

electrification progress are frozen at 2020 levels. The Trump administration has sought to 

ǊŜǾƻƪŜ ŦŜŘŜǊŀƭ ŀǇǇǊƻǾŀƭ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŜȄƛǎǘƛƴƎ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ ǘƘŜ ƻǳǘŎƻƳŜ ƻŦ ǘƘƛǎ ŘƛǎǇǳǘŜ 

remains uncertain. Though not predictive, the scenario does illustrate the importance of 

vehicle standards to the current strategy.   

                                                      
8 The Current Trajectory Scenario is calibrated to reflect policies ƛƴ ǘƘŜ нлмт {ŎƻǇƛƴƎ tƭŀƴΣ /ŀƭƛŦƻǊƴƛŀΩǎ Ƴŀƛƴ ƭƻƴƎ-term strategy 
document, plus two policies taking effect later: the 60 percent renewable electricity standard and the increase of the low carbon 
fuel standard to 20 percent. 

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
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Figure ES-1. Emissions under Current Trajectory Scenario and varying assumptions 

 

Source: California EPS 

Figure ES-1 graphs these results, with existing policy driving emissions down more than 

100 MMT of CO2e by 2030. Nonetheless, the Current Trajectory Scenario finds that the current 

trajectory leaves emissions in 2030 roughly 25 MMT of CO2e above the target in the central case. 

Sensitivity analysis finds 2030 emissions exceed the target by 13-43 MMT of CO2e.  

ECONOMIC AND SOCIAL BENEFITS 

The EPS evaluates economic impacts by comparing the amount of spending demanded by the 

energy system under different scenarios. A policy lowers cost if energy demand can be met with 

ƭƻǿŜǊ ŜȄǇŜƴŘƛǘǳǊŜǎ ǘƘŀƴ ǘƘŜ ǎȅǎǘŜƳ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ƛƴ ǘƘŜ ǇƻƭƛŎȅΩǎ ŀōǎŜƴŎŜΦ ¢ƻ ŜǾŀƭǳŀǘŜ ǘƘŜ 

impacts of the policy recommendations in the report, results are calculated in comparison to the 

Current Trajectory Scenario.  

aŀŎǊƻŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘǎ ŀǊŜ ōŜȅƻƴŘ ǘƘŜ ƳƻŘŜƭΩǎ ǎŎƻǇŜΣ ōǳǘ ǘƘŜ 9t{ ŎƻƴǎƛŘŜǊǎ ŀƴ ŀǊǊŀȅ ƻŦ ŘƛǊŜŎǘ 

economic effects. In the private sector, it accounts for capital, fuel, and other operational 

expenditures for businesses and households. In the public sector, it tracks government 



x 

 

expenditures and revenue. For the three new building and industry sector policies, it estimates 

and includes new program development and administration costs.   

Figure ES-2. Components of cost and their net effect by year 

Monetary effects for each year are in 2017 dollars, calculated based on a 3 percent annual discount rate. 

Source: California EPS 

Figure ES-2 graphs the building blocks of overall cost and the results of their summationτthe 

άbŜǘ ŜŦŦŜŎǘέ ŎǳǊǾŜ ƛƴ ŘŀǊƪ ōƭǳŜτand provides insight into the origins 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 efficient capital, i.e., more energy-

efficient consumer goods and business equipment. 

Policies promoting electric vehicle use offer a concrete example of how energy-efficient capital 

saves money. Because electric vehicles are about three times more efficient than vehicles with 

internal combustion engines, they cost about three times less to operate. The model accounts 

for related rebound effectsτincreased driving following the adoption of efficient vehicles that 

cost less to drive.  

Conservation effects are largely attributable to enhancing the broad carbon price signal, which 

increases incentives to avoid wasteful or low-value 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.   
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Meanwhile, as Figure ES-2 illustrates, 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 charger (Lutsey 

2019), and electric heat pumps already cost less to install in many situations (Synapse Energy 

Economics 2018). By the late 2020s, such innovation effects lower the added capital spending 

associated with the Energy Innovation Scenario.  

Table ES-1. Impacts by policy  

 Reductions 
(MMT of CO2e) 

Cost* 
($ per metric ton) 

Sector Policy Average 

2022-2030 

In 2030 Economic Economic 

+ Social 

Buildings Electric heat pumps 0.7 1.8 -$65 -$130 

Transport Zero emission vehicle policy 1.1 2.7 -$56 -$140 

Industry Zero emission heat standard 1.0 1.6 -$42 -$110 

Cross-sector 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 cost per ton over the 2022-2030 period, expressed in 2017 dollars. More specifically, the 

average cost is calculated as the net present value of monetary effects due to the policy through 2030 divided by the sum of 

emission reductions the policy causes over the 2022-2030 period, using a discount rate of 3 percent.   

Source: California EPS 

The model also enables impact evaluation for individual policies, with results summarized in 

Table ES-1. The table depicts average annual reductions over the 2022-2030 period and 

reductions in 2030, including two perspectives on cost: economic effects alone and economic 

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 finds 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 shaded in green and 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 administering new programs. Nonetheless, suboptimal or 

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

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
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we assume successful uptake of cost-effective opportunities to shift electricity demand from 

peak to off-peak times, but there is a chance the new regulatory approaches to provide the 

necessary incentives will be beyond reach. The results of less cost-effective peak management 

and several other sensitivity analyses are presented in the body of the report.  

CONCLUSION   

Reǎǳƭǘǎ ŦǊƻƳ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ 9t{ ǎǳƎƎŜǎǘ ǘƘŜ ǎǘŀǘŜΩǎ ŎǳǊǊŜƴǘ ŦǊŀƳŜǿƻǊƪ Ƴǳǎǘ ōŜ ǎǘǊŜƴƎǘƘŜƴŜŘ ǘƻ 

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 also generating significant 

economic and health benefits.     

/ŀƭƛŦƻǊƴƛŀΩǎ ŎƭƛƳŀǘŜ ǇƻƭƛŎƛŜǎ ŀǊŜ ŀǘ ǘƘŜ ŦƻǊŜŦǊƻƴǘ ƻŦ Ǝƭƻōŀƭ ŜŦŦƻǊǘǎ ǘƻ ōŀǘǘƭŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢ƘŜ 

ǎǘŀǘŜΩǎ ƭŜŀŘŜǊǎƘƛǇ ŀƴŘ ǎǳŎŎŜǎǎ ǎƻ ŦŀǊ ƘŀǾŜ ƘŜƭǇŜŘ Ƴŀƛƴǘŀƛƴ ƳƻƳŜƴǘǳƳ ŘŜǎǇƛǘŜ ǇƻƭƛǘƛŎŀƭ 

headwinds. If California 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, with CŀƭƛŦƻǊƴƛŀΩǎ нлнл ŜƳƛǎǎƛƻƴǎ ƳƛƭŜǎǘƻƴŜ ƛƴ ǘƘŜ ǊŜŀǊǾƛŜǿ ƳƛǊǊƻǊΣ ƛǘ ƛǎ Ŝŀǎȅ ǘƻ ŦƻǊƎŜǘ Ƙƻǿ 

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 the cost of solar 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 unwise to underestimate the magnitude of 

the effort needed to transform modern energy systems. The next milestoneτthe 2030 targetτ

is just a stepping stone to the even more ambitious goal of achieving carbon neutrality by 2045.9 

We hope the California EPS contributŜǎ ƛƴ ǎƻƳŜ ǎƳŀƭƭ ǿŀȅ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ŎƻƴǘƛƴǳŜŘ ǎǳŎŎŜǎǎ ƛƴ ƛǘǎ 

decarbonization journey.  

                                                      
9 The carbon neutrality goal was set in a 2018 Executive Order signed by Governor Jerry Brown (Mulkern 2018). 

https://www.scientificamerican.com/article/can-california-achieve-a-ldquo-carbon-neutral-rdquo-economy/


 

 

1. INTRODUCTION 

CaliforniaΩǎ greenhouse gas (GHG) emissions reduction targets are among the most ambitious in 

the world. In 2016τfour years earlyτthe state achieved its 2020 target, requiring emissions to 

decrease to 1990 levels (CARB 2019). Looking ahead at the beginning of a new decade, the 

ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ ƻƴƭy ramp up in ambition. California Senate Bill 32 became law in 2016, 

setting a 2030 target of reducing emissions 40 percent below 1990 levels.  

/ŀƭƛŦƻǊƴƛŀΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ ƛƴǾŜƴǘƻǊȅ Řŀǘŀ ǎƘƻǿǎ ŜƳƛǎǎƛƻƴǎ ŀǘ пнп million metric tons (MMT) of 

carbon dioxide equivalent (CO2e) in 2017. So hitting the 2030 target means reducing emissions 

by an average of 13 MMT of CO2e annually, or nearly double the annual rate of 7 MMT of CO2e 

over the past decade.10   

California is also battling the onset of serious climate damage. Climate change has supercharged 

/ŀƭƛŦƻǊƴƛŀΩǎ ŦƛǊŜǎΦ ¢ƘŜ ƭƛǾŜǎ ƭƻǎǘΣ ƛƴƧǳǊƛŜǎ ǎǳŦŦŜǊŜŘΣ ƘƻƳŜǎ ŘŜǎǘǊƻȅŜŘΣ ŀƴŘ ōǳǎƛƴŜǎǎŜǎ ŘƛǎǊǳǇǘŜŘ ŀǊŜ 

the most obvious effects of worsening wildfires. Costs are also imposed on government. In 

addition to the immediate need to supplement firefighting budgets, a sudden and urgent suite of 

demands has been foisted on state policymakers, such as providing restitution to wildfire 

victims, making near-term regulatory adjustments to reduce the risk of massive power outages 

again next year; while also working to properly structure ǘƘŜ ǎǘŀǘŜΩǎ electric utilities and grid in 

light of new climate threats.  

At the same time, California is battling the Trump administration, which is attempting to revoke 

ǘƘŜ ǎǘŀǘŜΩǎ authority to set stronger motor vehicle tailpipe emission standards, and which is also 

ǎǳƛƴƎ ƛƴ ŦŜŘŜǊŀƭ ŎƻǳǊǘ ǘƻ ǎŜǾŜǊ /ŀƭƛŦƻǊƴƛŀΩǎ cap-and-trade partnership with Quebec. These larger 

ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƻƴǘƛƴǳŜŘ ǎǳŎŎŜǎǎ in reducing GHG emissions 

provide the overarching motivation for our development of the California Energy Policy 

Simulator (EPS). Using the California EPS, this report seeks to answer three questions: 

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

(2) If the model suggests current policy does not put the state on track to achieve the 2030 

target, what additional policies should be prioritized and how should they be calibrated? 

(3) What are the estimated economic and social impacts of these policy enhancements? 

The model finds that current policy will achieve reductions that are deep, but not deep enough 

to push emissions below the 2030 goal. We estimate that current policy will result in 2030 

emissions remaining roughly 25 MMT of CO2e above the 2030 limit of 260 MMT of CO2e. To 

close this gap, we recommend strengthening three established policies and adding three new 

policy instruments. The analysis indicates these policies will be beneficial from the narrow 

                                                      
10 The historical rate is calculated by comparing 2017 emissions at 424.1 MMT CO2e with 2007 emissions at 490.9 MMT CO2e, 
showing a difference of 66.7, yielding the calculation 66.7/10 = 6.67 MMT CO2e/year. The future rate is calculated as 424.1 ς 
258.6 = 165.5 over 13 years, yielding 165.5/13 = 12.73 MMT CO2e/year. In a recent study, Next10 and Beacon Economics (2019) 
also concluded California will need to 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
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perspective of direct, monetary impacts and even more beneficial when taking into account 

social impacts, that is, estimates of the monetary value of health and climate effects.  

Initial modeling has focused on the 2030 targetτǘƘŜ ƴŜȄǘ ƳƛƭŜǎǘƻƴŜ ŀƭƻƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŘŜŜǇ 

decarbonization journey. A 2018 Executive Order signed by Governor Jerry Brown set the goal of 

carbon neutrality by 2045 (Mulkern 2018), and recent work by Environmental + Economics Inc. 

(E3 2018) and the Energy Futures Initiative (2019) identifies promising technologies for 

accomplishing post-2030 goals. Though such longer-term targets are not the focus of this 

analysis, expanding the set of zero emission options through increased research, development, 

and demonstration projects will be essential to achieving the longer-term targets. In addition to 

the environmental imperative, targeted public research investments yield economic spillover 

benefits (Gruber and Johnson 2019). California has more national laboratories than any other 

state and is already known as a leader in innovation. This is a comparative advantage ripe for 

strengthening.  

2. MOTIVATION 

This section outlines additional motivations underlying the overarching goal of contributing to 

/ŀƭƛŦƻǊƴƛŀΩǎ ŎƻƴǘƛƴǳŜŘ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǎǳŎŎŜǎǎΦ First, we show how the model is responsive to 

requests by scholars and policymakers who convened in 2006 after adoption of the 2020 target. 

Second, we describe connections between this work and the most recent Scoping Plan exercise, 

the first to present a detailed 2030 policy strategy.   

2.1. INAUGURAL CALIFORNIA CLIMATE POLICY MODELING DIALOGUE 

The model fulfills specific needs identified by the California Climate Policy Modeling Dialogue, a 

high-level collaborative of policymakers, researchers, and industry organized by the Policy 

Institute for Energy, Environment and the Economy at the University of California at Davis.  

Assembly Bill 32 directed the California Air Resources Board (CARB) to develop a Scoping Plan, 

which must be updated every five years, to set forth ǘƘŜ ǎǘŀǘŜΩǎ Ǿƛǎƛƻƴ ŀƴŘ ǇƻƭƛŎȅ ǎǘǊŀǘŜƎȅ ŦƻǊ 

achieving decarbonization goals. After the first Scoping Plan was finished in 2009, the inaugural 

California Climate Policy Modeling Dialogue conducted a retrospective evaluation and noted: 

άPolicymakers involved asked for more modeling of . . . individual policies (i.e., rather than 

generic climate policies) in order to better understand the spatial, temporal, and socio-economic 

effects of regulations [and] interactive effects between two or more policiesέ (Morrison et al. 

2015, p. 555). 

The EPS represents dozens of individual policies that may be adjusted by simply turning policy 

levers, with real-time results. The important features of each policy are embedded in the cause-

effect linkages at the heart of the model; better accounting of άƛƴǘŜǊŀŎǘƛǾŜ ŜŦŦŜŎǘǎέ is one of the 

9t{Ωǎ ǎǘǊŜƴƎths as a systems dynamics model.  

It is important to acknowledge the foundational groundwork laid by Energy + Environmental 

9ŎƻƴƻƳƛŎǎΣ LƴŎΦ ό9оύΦ 9оΩǎ tŀǘƘǿŀȅǎ ƳƻŘŜƭ has added rigor and insights to the energy technology 

https://www.scientificamerican.com/article/can-california-achieve-a-ldquo-carbon-neutral-rdquo-economy/
https://www.eia.gov/petroleum/gasdiesel/
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fcc0b190b60cd2/1559064542876/EFI_CA_Decarbonization_Full.pdf
https://link.springer.com/article/10.1007/s10584-015-1403-5
https://link.springer.com/article/10.1007/s10584-015-1403-5
https://link.springer.com/content/pdf/10.1007%2Fs10584-015-1403-5.pdf
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and policy landscape (Williams, J. et al. 2012). In our view, the EPS is more similar to the 

Pathways model than any other because both apply a systems dynamics perspective to 

economy-wide modeling questions. The Pathways model offers more detailed and 

comprehensive technological coverageτfor example, including hydrogen production and 

ƘȅŘǊƻƎŜƴ ŦǳŜƭ ŎŜƭƭ ǾŜƘƛŎƭŜǎΦ ¢ƘŜ 9t{Ωǎ ǎǘǊŜƴƎǘƘǎ ŀǊŜ its comprehensive policy coverage, which 

extends to carbon pricing, and its accessibility, enhanced by a user-friendly web interface.  

2.2. MODELING OF CARBON PRICING IN 2017 SCOPING PLAN  

9оΩǎ tŀǘƘǿŀȅǎ model achieved a breakthrough by allowing for the integrated, systemic 

evaluation of all of /ŀƭƛŦƻǊƴƛŀΩǎ ƳŀƧƻǊ ǇƻƭƛŎƛes except for carbon pricing. To evaluate the carbon 

pricing policy, the analysis that informed the 2017 Scoping Plan used a macroeconomic model 

created and maintained by Regional Economics Models, Inc.11 A drawback to doing so is that this 

model does not allow for energy use as a variable input. The treatment of energy as a fixed input 

to production is evident in Appendix E of the Scoping Plan, Figure 2. This model schematic lists 

only two inputs to productionτlabor and capital (CARB 2017c).   

The failure to represent energy as a variable input limits insights about the effect of carbon 

pricing. Businesses and consumers are expected to change how they use energy in response to 

the introduction of a carbon price through greater energy efficiency, switching to lower-carbon 

energy sources, and avoiding low-value energy uses. The model from Regional Economics 

Models, Inc. used for the Scoping Plan analysis does not allow for these adjustments.12   

/!w.Ωǎ choice of the tool from Regional Economics Models, Inc. may in part reflect limited 

options. No commercially available, regularly updated macroeconomic model allows for energy 

as a variable input to production, though such models do exist. Indeed, David Roland-Holst of the 

University of California, Berkeley developed such a modelτthe Berkeley Energy and Resources 

modelτand applied it to the first Scoping Plan (CARB 2010a).  

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 for the integrated 

consideration of sector policies along with multi-sector carbon pricing, it will provide a new 

perspective.  

The California EPS was also motivated by the growing emphasis on the importance of carbon 

pricing within ǘƘŜ ǎǘŀǘŜΩǎ ƻǾŜǊŀǊŎƘƛƴƎ ǎǘǊŀǘŜƎȅΦ In the initial Scoping Plan, which developed the 

policy framework to hit the 2020 target, tailpipe emission performance standards for motor 

vehicles were expected to drive the most reductions, and the cap-and-trade program was tasked 

with delivering 20 percent of overall reductions (CARB 2008, p. 17). In the most recent Scoping 

                                                      
11 REMI, Regional Economic Models, Inc. https://www.remi.com/  

12 To manage this limitation, the Scoping Plan makes assumptions about the quantity of emissions reductions expected from the 

cap-and-ǘǊŀŘŜ ǇǊƻƎǊŀƳΥ ά¢ƘŜ ǊŜƳŀƛƴƛƴƎ DID ǊŜŘǳŎǘƛƻƴǎ ŀǊŜ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ǘƘŜ /ŀǇ-and-Trade Program, the impact of which 

ƛǎ ŎŀƭŎǳƭŀǘŜŘ ƻǳǘǎƛŘŜ ƻŦ tŀǘƘǿŀȅǎ ŀƴŘ ƛƴǇǳǘ ƛƴǘƻ ǘƘŜ w9aL ƳƻŘŜƭΣέ όCARB 2017c, p. 10).  

http://science.sciencemag.org/content/335/6064/53
https://www.arb.ca.gov/cc/scopingplan/2030sp_appe_econ_final.pdf
https://www.arb.ca.gov/cc/scopingplan/economics-sp/updated-analysis/updated_sp_analysis.pdf
https://ww3.arb.ca.gov/cc/scopingplan/document/adopted_scoping_plan.pdf
https://www.remi.com/
https://www.arb.ca.gov/cc/scopingplan/2030sp_appe_econ_final.pdf
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Plan, the cap-and-trade program is the single most important policy, expected to drive 

38 percent of emission reductions from 2021 to 2030 (CARB 2017a, p. 28). 

Figure 1 is a graph excerpted from the 2017 Scoping Plan, identifying with gray shading the 

reductions expected from the carbon price emerging from the cap-and-trade program. The level 

of reductions expected in 2030 is bracketed in ōƭŀŎƪ ŀƴŘ ƭŀōŜƭŜŘΣ άDŀǇ ŎƭƻǎŜŘ ōȅ /ŀǇ-and-

TradeΦέ In this scenario, the cap-and-trade program drives 47 percent of emission reductions 

occurring in the year 2030.  

Figure 1. 2017 Scoping Plan strategy: Close the gap with cap-and-trade 

 
Source: CARB 2017a, p. 30, Figure 9  

The Scoping Plan recognizes the uncertainty inherent in analyses extending more than a decade 

into the future, stating that the modeled ƻǳǘŎƻƳŜ άrepresents an expected case where current 

and proposed GHG reduction policies and measures begin as expected and perform as expected, 

and technology is readily avaƛƭŀōƭŜ ŀƴŘ ŘŜǇƭƻȅŜŘ ƻƴ ǎŎƘŜŘǳƭŜΣέ όCARB 2017a, p. 28).  

¢ƘŜ ǎǘŀǘŜΩǎ ƭƻƴƎ-ǘŜǊƳ ǎǘǊŀǘŜƎȅ ƛǎ ƴƻǘ ǎǘŀǘƛŎΣ ǘƘŜ {ŎƻǇƛƴƎ tƭŀƴ ŀƭǎƻ ŜƳǇƘŀǎƛȊŜǎΥ ά! ƪŜȅ ŜƭŜƳŜƴǘ ƻŦ 

/ŀƭƛŦƻǊƴƛŀΩǎ ŀǇǇǊƻŀŎƘ ŎƻƴǘƛƴǳŜǎ ǘƻ ōŜ ŎŀǊŜŦǳƭ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ƻƴ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ƻǳǊ 

programs and a willingness to make mid-course adjustments,έ όCARB 2017a, p. ES-5). Our goal 

for the California EPS is to offer a new analytical tool that contributes to the success of this 

adaptive management model.   

3. METHODS 

The EPS was created by Energy Innovation, which continues to manage the model. Energy 

Innovation and its partners have now adapted the model to eight countries and two subnational 

jurisdictions. The EPS has been peer reviewed by staff at three U.S. national laboratories and 

https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
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several top research universities, as well as regional research partners in each modeled country. 

The model is regularly updated, reflecting feedback and new data availability, as detailed in the 

modŜƭΩǎ online documentation.  

The model allows users to apply dozens of policies to a scenario reflecting business-as-usual 

(BAU) and to dial the strength of energy and climate policies up or down, with instant results 

showing direct 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 climate and health damage.  

Different policy combinations constitute scenariosτand comparing scenarios is crucial to 

understanding EPS results. The calculations at the core of model results are driven by comparing 

energy use, emissions, and costs in the BAU Scenario with a specified policy scenario.  

The model is open source, web accessible, and available free of charge. The 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 easily downloadable from the main project 

website (https://california.energypolicy.solutions). The model structure, causal relationships, and 

parameters are readily comprehensible ǘƘǊƻǳƎƘ ±ŜƴǎƛƳΩǎ ƎǊŀǇƘƛŎŀl interface. In short, the model 

offers unsurpassed transparency.  

Additionally, input data can be adjusted by swapping in different standard comma-separated 

value files. For those not wishing to delve into Vensim modeling, a web-based interface provides 

a wealth of functionality, allowing users to develop their own policy scenarios and evaluate the 

impacts. 

3.1. STRUCTURAL OVERVIEW  

The EPS is a systems dynamics model combining elements of economic models and bottom-up 

accounting models with detailed technological specifications, including stock and flow dynamics. 

Systems ŘȅƴŀƳƛŎǎ ƳƻŘŜƭǎ ƻŦǘŜƴ ƛƴŎƭǳŘŜ άǎǘƻŎƪǎΣέ ƻǊ ǾŀǊƛŀōƭŜǎ ǿƘƻǎŜ ǾŀƭǳŜs are remembered 

from one time-step to the nextΣ ŀƴŘ ǿƘƛŎƘ ŀǊŜ ŀŦŦŜŎǘŜŘ ōȅ άŦƭƻǿǎέ ƛƴǘƻ ŀƴŘ ƻǳǘ ƻŦ ǘƘŜǎŜ 

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 from the BAU 

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

potential fuel consumption of the light-duty vehicle fleet caused by enabled policies). 

On the economic side, the EPS includes many price response functions, such as multiple 

endogenous choice functions (like electricity plant investment and dispatch choices, as well as 

vehicle choice). The model includes several rebound effects in electricity, transportation 

demand, and building energy demand. For example, if the cost per vehicle 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, including energy demand in buildings, motor vehicles and 

off-road transportation modes, and industry. Agricultural energy use is included in the industry 

https://us.energypolicy.solutions/docs/
https://california.energypolicy.solutions/
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category, as are all process emissions, such as methane emissions from natural gas pipelines and 

livestock waste (labeled άshort-lived climate pollutantsέ in the California dialogue). ¢ƘŜ ƳƻŘŜƭΩǎ 

geographic scope is the state of California. It does not capture geographic differentiation at 

smaller spatial scales, such as counties or zip codes.  

Figure 2 gives an overview of the model structure, illustrating connections between each sector.  

Figure 2. Overview of EPS structure  

 

The electricity sector portion of the model considers the reliability implications of variable 

generation from renewable sources such as wind and solar, for example accounting for on-peak 

capacity factors. Capacity investments may be made either to meet new demand or to rebalance 

after system retirements, with 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 real-world constraints on how quickly new sources can be built 

and price heterogeneity. 
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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 

parameters for vehicle buyers together generate the net present value metric of total cost of 

ownership that drives vehicle choice. As in the electricity sector, the EPS uses a probability 

distribution of prices, reflecting real-world variation, overlaps, and a less-than-perfect rank-

ordered choice paradigm compared to a least-cost approach based on a mean price. Energy 

Innovation overhauled the transportation sector of the model in preparation for the California 

adaptation, adding a low carbon fuel standard policy that requires a reduction in the average 

carbon intensity of transportation fuels over time. Hydrogen fuel cell vehicles and hydrogen use 

more generally as an energy source are not withƛƴ ǘƘŜ ƳƻŘŜƭΩǎ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ŎƘƻƛŎŜ ǎŜǘΣ 

but efforts are underway to include them in the future.   

3.1.1. Carbon P ricing  

Model users may specify a carbon price level over time with the option of varying prices in 

different sectors. Figure 3 maps the cause-effect mechanisms by which the carbon price reduces 

emissions, illustrating the first-order effects caused by the carbon price and other key follow-on 

effects. The electricity supply sector sits atop the figure, with sector demand for transportation, 

buildings, and industry below (as annotated along the right-hand 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 in Figure 3, which also portrays the main follow-on 

effects with gray arrows. Dotted lines highlight the carbon price effect pathways not initially 

enabled in the model.13   

Tracing the effects in the electricity supply sector as an example, the carbon price first increases 

fuel costs for power generation technologies that emit carbon dioxide (CO2). This 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.  

 

                                                      
13 The two non-activated carbon price pathways are process emissions and nonfuel price effects. Process emissions are not 
covered by the California carbon pricing mechanism 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 can be extended 
to this and other non-combustion emissions. The nonfuel 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 pathway for California. Many manufactured goods come from other states 
without carbon pricing, as do some material inputs to production.  
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Figure 3. Carbon price cause-effect pathways in the California EPS  

 

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 non-market impacts are less easily quantified because no 

single market price can be applied as a ready estimate of monetary value. The EPS puts a dollar 

estimate on the climate benefits from avoided CO2e emissions using the social cost of carbon 

developed by the federal government (Interagency Working Group on Social Cost of Carbon 

2013). The monetized benefits represent for each ton of CO2e not emitted the avoided damage 

due to rising sea levels, extreme heat, increased wildfire risk, water shortages, and so on.  

The input values we use for avoided damage is the most frequently used and authoritative 

source, but it is several years old. Incorporating more recent scientific findings would increase 

the value of avoided GHG emissions, so climate benefits identified by the California EPS may be 

viewed as a lower bound. As one example, a study on health impacts from increased heat 

extremes found άthe increased global mortality burden from climate change to be 3.7 percent of 

global GDP by the end of the century if past emissions trends continueέ (Carleton, T. et al. 2018). 

The EPS separately estimates climate and direct health impacts, so heat-induced effects would 

be classified as climate-related and separate from the direct health damage associated with 

increased exposure to air pollution.  

https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf
https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf
http://www.impactlab.org/wp-content/uploads/2018/08/CIL_mortality_SSRN.pdf?mc_cid=2f646312c0&mc_eid=506f02c4af
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Health impact evaluation in the California model follows the method developed by CARB (2010b) 

and used in the 2017 Scoping Plan analysis. The approach accounts for particulate pollution 

(primary and secondary, i.e., particulates formed from nitrous oxides and other pollutants). Yet 

other pollutants, notably ozone, also significantly burden human health. Further, the approach 

only accounts for avoided premature deaths, and not the cost of hospitalizations or other 

medical care, much less effects on human well-being. The indoor air quality benefits of 

electrified building components compared to those combusting hydrocarbons also are not 

included. Thus, the health benefits should be 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 exclusively affects falling costs, in particular installed 

capital costs. The level of innovation responds to future deployment based on a cost-reduction 

factor applied with each doubling of global installed capacity, reflecting historical patterns. 

Results due to endogenous innovation can be viewed in the web app under the Technology 

Costs option.  

The EPS applies the innovation function to four key emerging technologiesτsolar, wind, 

batteries, and carbon capture and sequestration. These innovation effects are often referred to 

as learning curves, and they occur due to both the learning that comes with experience and the 

economies of scale that are achieved as production scales up.  

Under the endogenous innovation module, the rate of innovation over time is affected by other 

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 

trajectories because of the large magnitude of global trends compared to trends in any single 

jurisdiction. Other EPS applications have addressed larger economies, such as the U.S. and China, 

and the effects of domestic policy are more readily observable on these scales.  

3.2. IMPACT EVALUATION 

¢ƘŜ ƳƻŘŜƭΩǎ Ŏƻǎǘ ƳŜǘǊƛŎs track spending on fuels, capital, and other operational and 

maintenance costs, as well as effects on government ledgers, revenues, and incentive spending. 

Though the direct economic effects do reflect first-order system effects that cut across sectors, it 

is worth re-emphasizing that macroeconomic spillover effŜŎǘǎ ŀǊŜ ƻǳǘǎƛŘŜ ǘƘŜ ƳƻŘŜƭΩǎ ǎŎƻǇŜΦ14    

                                                      
14 IŜǊŜ ƛǎ ŀ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ 9t{ ƳƻŘŜƭΩǎ Ŏƻǎǘ ƛƴǘŜǊŀŎǘƛƻƴǎΥ ¢ǊŀǾŜƭ ŘŜƳŀƴŘ is affected by the change in cost 
of travel, which is determined by a number of factors and can be affected by multiple policies. For example, increased fuel prices 
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 costs. As a result, 
policies improving vehicle efficiency tend to increase travel demand. Changes in travel demand also influence other sectors to 
the extent they are affected by changes in travel inputs. For example, a policy spurring greater electric vehicle adoption would 
induce higher demand for electricity, which could trigger a need for new investment in power generation.   

https://www.arb.ca.gov/research/health/pm-mort/pm-report_2010.pdf
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Changes in government expenditures, such as from fees or incentives, are also calculated. These 

changes ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ƳŜǘǊƛŎǎ ǿƛǘƘ ά¢ƻǘŀƭ hǳǘƭŀȅǎέ ƛƴ ǘƘŜ ǾŀǊiable name, but not variables 

referring to only changes in CapEx and OpEx, which exclusively cover private-sector effects.  

New policies affecting the buildings and industry sectors are assumed to require additional 

government expenditures. Lacking standalone 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 impacts. The 

άǊŜǾŜƴǳŜ-ƴŜǳǘǊŀƭέ ƳƻŘŜ ǊŜǘǳǊƴǎ ŀŘŘƛǘƛƻƴŀƭ ǎǇŜƴŘƛƴƎ ǊŜǉǳƛǊŜŘ ŘǳŜ ǘƻ ŀ ŎŀǊōƻƴ ǇǊƛŎŜ ǘƻ ǘƘŜ 

ŜŎƻƴƻƳƛŎ ŀŎǘƻǊǎ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ǇŀȅƳŜƴǘ ƻǊƛƎƛƴŀǘŜŘΦ ¢ƘŜ άǊŜǾŜƴǳŜ-ŜȄŎƭǳǎƛƻƴέ ƳƻŘŜ ǊŜƳƻǾŜǎ 

carbon price revenue from the benefit-cost evaluation, which has the effect of increasing the 

costs for the policy package and for the carbon pricing policy itself. We favor the revenue-neutral 

mode because excluding carbon pricing revenue would fail to account for a large impact. One 

advantage of the revenue-exclusion approach is 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 invisible in the revenue-neutral 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 

scenario. Scenarios are economy-wide 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 energy-related spending (covering private spending on 

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 section presents a schematic to illustrate how the EPS may be used for policy impact 

analysis. One key ingredient for impact analysis is the business-as-usual (BAU) scenario. The 

specifics of the BAU Scenario for the California EPS are presented in section 4.2. Generally, the 

BAU Scenario identifies the energy use patterns, energy-related spending, and emissions that are 

expected from the system under current conditions. The second key ingredient for impact 

analysis is a policy scenario for evaluation, increasing the strength of one or more policies above 

the BAU level. Finally, impacts 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 

ŦƛǊǎǘ ŀƴŘ ǎŜŎƻƴŘ ǎǘŜǇǎ ƛƴǾƻƭǾŜ ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ .!¦ {ŎŜƴŀǊƛƻ ŀƴŘ ŀ άtƻƭƛŎȅ {ŎŜƴŀǊƛƻΦέ The dollar 

and pollutant symbols next to each ǎŎŜƴŀǊƛƻΩǎ ƭŀōŜƭ ǎƛƎƴƛŦƛŜǎ that each scenario produces a 

complete (albeit simplified) representation of energy use, capital stock retirements and 

additions, emissions, and spending on energy, including changes in energy demand, emissions, 

and spending, i.e., direct economic effects. In 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 in the BAU Scenario from those in the Policy Scenario.  

Figure 4. A schematic showing how impact evaluation works in three steps  

 

The model is designed for comparisons to the BAU Scenario, and this is the only frame of 

reference possible in the web application, but additional mathematical work permits 

comparisons between any two combinations of policies.  

3.2.2. Consistent  Treatment of Individual Policies  within  a Policy Package   

A ǇƻƭƛŎȅ ǇŀŎƪŀƎŜΩǎ impacts on a policy-by-policy basis can be estimated in one of two ways: by 

measuring the effect of each policy with none of the other policies activated, or by measuring 

the effect of disabling a given policy on the emission reductions achieved by the remaining 

policies. The first method measures emission 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 portfolio. Since the second approach accounts for policy interaction, the 

California EPS uses this method.  

This so-ŎŀƭƭŜŘ άŘƛǎŀōƭŜŘέ ŀǇǇǊƻŀŎƘ ƛǎ ǳǎŜŘ to create the policy wedge diagram (Figure 9. below), 

which shows year-by-year emission reductions, and the policy cost curve, which gives a cost per 

ton of average annual abatement. The emission reductions for each policy shown in the wedge 

diagram reflect the extra emissions that result when the policy is removed from the package. In 

other words, the model performs several runs to disableτor turn offτeach policy and calculates 

the resulting emission effect. Because of policy interactions, the sum of individual policy effects 
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is almost invariably meaningfully different from the sum found when disabling all policies 

together. Thus, a final step involves scaling the individual policy effects found in the first step so 

that, in aggregate, they 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, discounting annually at a rate of 3 percent.15 Cumulative emission reductions 

attributable to the policy are calculated over the 2022-нлол ǇŜǊƛƻŘΦ ¢ƘŜƴΣ ǘƘŜ ǇƻƭƛŎȅΩǎ ŀǾŜǊŀƎŜ 

costs per ton are calculated as the sum of spending effects divided by the cumulative emission 

reductions attributable to the policy are calculated over the 2022-2030 period.16 Then, the 

ǇƻƭƛŎȅΩǎ ŀǾŜǊŀƎŜ Ŏƻǎǘǎ per ton are calculated as the sum of spending effects divided by the 

cumulative emission reductions.  

 

 

 

                                                      
15 The results presented 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 web application 
gives results 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 emission vehicle mandate. An 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ άŘƛǎŀōƭŜŘ ƳŜǘƘƻŘέ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ǇƻƭƛŎȅ ŜŦŦŜŎǘǎ ƘŜƭǇǎ ǘƻ ŜȄǇƭŀƛƴ ǿƘȅ ǘƘŜ ǇƻƭƛŎƛŜǎ ǊŜǉǳƛǊƛƴƎ ƳƛƴƛƳǳƳ ǎŀƭes 
of zero emission vehicles appear ineffectual in the web application, i.e., why such policies are absent from the policy wedge curve 
and abatement cost curve in the web application. When zero emission vehicles sales requirements are removed from the 
package, the low carbon fuel standard drives greater reliance on biofuels than it would otherwise. In line with state GHG 
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 entail someτalbeit decliningτemissions 
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 two-part process. In the California model, the share of transportation energy demand provided by 
electricity is determined by the zero emission vehicle mandate. The low carbon fuel standard takes electricity supply as given, 
and fills in the remainder with biofuels and biogas, mostly biodiesel and renewable diesel.  

The upshot is that ratcheting 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 conventions of 
the state emissions inventory, 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 mostly serving heavy-
duty trucking 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 constructed 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 as in the Current 
Trajectory Scenario.  

To achieve consistent results, isolating low carbon fuel standard effects and avoiding unintended interactions, the results in this 
report reflect an adjustment. First, the low carbon fuel standard is removed from all scenarios, including the BAU Scenario for 
individual policy impact evaluation. Second, individual policy impacts are scaled by a multiplier so that the sum of individual 
impacts in each year equals the desired difference at the package level, i.e., comparing the Energy Innovation Scenario to the 
Current Trajectory Scenario with the low carbon fuel standard.  



13 

 

  

4. ADAPTING THE MODEL FOR CALIFORNIA 

4.1. DATA SOURCES  

The downloadable version of the model includes both commonly formatted data files and notes 

on underlying calculations and source material. The files and notes together represent a 

complete, open-source accounting of model inputs. Therefore, this overview is brief.  

9ƴŜǊƎȅ LƴƴƻǾŀǘƛƻƴΩǎ ŀŘŀǇǘƛƻƴ ƻŦ the model for California benefitted enormously from a large 

body of foundational research involving experts from E3 and CARB as well as a broader 

ŎƻƳƳǳƴƛǘȅ ƻŦ ŎƻƳƳƛǘǘŜŘ ǊŜǎŜŀǊŎƘŜǊǎΦ 9оΩǎ California Pathways model, developed in cooperation 

with CARB and other state energy experts, is the largest source for model inputs. We use the 

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

Plan process (CARB 2017b, CARB 2017c).17 We primarily extract data from the scenario labeled 

ά{ŎƻǇƛƴƎ tƭŀƴ tƭǳs 60 tŜǊŎŜƴǘ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘΦέ 

Figure 5. BAU price forecast for natural gas, electricity, petroleum fuels  

 
Sources: Energy Information Administration (2019) and E3 (2017) 

For future fuel prices, the model uses California-specific empirical data for 2018 from the 

U.S. Energy Information Administration for start-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 Administration (2019).  

                                                      
17 ¢ƘŜ Ƴŀƛƴ {ŎƻǇƛƴƎ tƭŀƴ ǿŜōǇŀƎŜ Ƙŀǎ ŀƴ ά!ǇǇŜƴŘƛŎŜǎ ŀƴŘ aƻŘŜƭƛƴƎ LƴŦƻǊƳŀǘƛƻƴ ƭƛƴƪέΥ 
https://www.arb.ca.gov/cc/scopingplan/scopingplan.htm. Scroll halfway down the linked page to see the full suite of materials: 
https://www.arb.ca.gov/cc/scopingplan/meetings/meetings.htm. Nine links are provided undŜǊ άaƻŘŜƭƛƴƎ LƴŦƻǊƳŀǘƛƻƴΣέ 
including the main Pathways technical documentation (E3 2017).  

https://www.arb.ca.gov/cc/scopingplan/2030sp_appd_pathways_final.pdf
https://www.arb.ca.gov/cc/scopingplan/2030sp_appe_econ_final.pdf
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
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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 are provided when presenting the policy-specific benefit-cost results in 

section 8.2. The resulting prices for the four conventional fuel types in the BAU Scenario are 

shown above in Figure 5. 

4.2. BAU SCENARIO DEFINITION 

¢ƘŜ .!¦ {ŎŜƴŀǊƛƻ ƛǎ ǘƘŜ ƳƻŘŜƭΩǎ ŦƻǳƴŘŀǘƛƻƴΦ Lǘ represents Ƙƻǿ /ŀƭƛŦƻǊƴƛŀΩǎ ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ 

emissions are expected to shift based on policies outlined in the 2017 Scoping Plan but only 

insofar as the policies are reflected in existing regulations. 

In the electricity sector, the BAU Scenario reflects Senate Bill 100Ωǎ requirements, including a 

minimum renewable portfolio standard for electric utilities to reach 60 percent of utility 

electricity supply in 2030. Electricity sector emissions reach 46 MMT of CO2e in 2030 under the 

9t{Ωǎ .!¦ {cenario. ¢ƘŜ ǎǘŀǘŜΩǎ most recent long-term planning work also estimates that the 

ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΩǎ нлол ŜƳƛǎǎƛƻƴǎ will fall to 46 MMT of CO2e (California Public Utilities 

Commission 2019).  

In the transportation sector, 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 rates. Light-duty vehicle 

incentives are entirely phased out in 2026, and heavy-duty 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 66 percent increase from the year 

before. The 2018 increase partly reflected pent-up demand 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 2025 goal of 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 in recent yeŀǊǎΣ /!w.Ωǎ ǳƴǎǳǊǇŀǎǎŜŘ ŜȄǇŜǊǘƛǎŜ ƛƴ ǾŜƘƛŎƭŜ ǊŜƎǳƭŀǘƛƻƴΣ 

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 segments. Challenges persist, however, including counter-efforts from Washington, D.C., and 

the potential for trade disputes to reduce the availability of new electric vehicle models and to 

increase costs (Turrentine and Canepa 2018).    

The BAU Scenario does not include any policies that reduce travel demand because these 

policies have not yet demonstrated much effect (CARB 2018a). This is not to suggest travel 

ŘŜƳŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ǳƴƛƳǇƻǊǘŀƴǘΦ ά{ǳǎǘŀƛƴŀōƭŜ ŎƻƳƳǳƴƛǘƛŜǎ ǎǘǊŀǘŜƎƛŜǎΣέ ŀǎ the analogous 

policy is called in the present California dialogue, have great potential. They can reduce 

emissions, encourage uptake of healthier lifestyles, and generate cost savings by making it more 

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
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feasible for people to walk to goods and services. Yet such policy strategies have had limited 

success. Per capita vehicle miles traveled decreased after the last recession, but have begun 

increasing.   

In the buildings sector, the BAU Scenario shows existing efficiency policies leading to an 

18 percent energy demand reduction in 2030 compared to energy use in the Updated Reference 

Scenario of the 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 modeling for the 2017 Scoping Plan, which lowers building sector emissions by 

13 percent compared to the Updated Reference Scenario of the Pathways modeling. The 

California Energy Commission analysis of programs designed to meet requirements under Senate 

Bill 350 anticipates savings of 0.35 quads of energy, which would represent a 24 percent 

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 

ǇǊƻƎǊŀƳ ǿŀǎ ǘƘŜ ƭŀǊƎŜǎǘ ǎƛƴƎƭŜ ŎƻƴǘǊƛōǳǘƻǊ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ 2030 strategy, so assumptions about 

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 price trajectories. Web users could not investigate a lower-than-

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 for consistent 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 lower.18  

4.3. CARBON PRICING  

CaliforniaΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ŎŀǊōƻƴ ǇǊƛŎƛƴƎ ƛǎ ŀ ƘȅōǊƛŘ ƻŦ ǘƘŜ ǘǿƻ ŘƛŦŦŜǊƛƴƎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǇǊƛŎƛƴƎ 

carbon. By default, the program is initially set up to operate as a cap-and-trade model. The 

program requires large emitters of CO2 to obtain permits to cover their emissions. Pollution is 

limitedτcappedτby 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 given equation 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 carbon 
pricing is introduced (the variable P0) directly enters the lower term of the equation. Therefore, it directly affects the final results.  

‐  
ϷЎὗ

ϷЎὖ
 

ὗ ὗ
ὗ
ὖ ὖ
ὖ

 

Where   ꜡= elasticity.  
Q0 and Q1 are the quantity of energy demand before and after carbon pricing.  

P0 and P1 are the price of energy before and after carbon pricing. 
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But if carbon price under the program reaches the upper or lower extreme of a pre-determined 

price range, known as the price ceiling and price floor, the program 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 prices, 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, reaching $28 per metric ton in 2030 (in 2017 dollars, the base currency for 

model outputs). Section 5.3, the ά/arbon tǊƛŎŜέ ǎŜŎǘƛƻƴ ǳƴŘŜǊ ǘƘŜ ά/ǳǊǊŜƴǘ ¢ǊŀƧŜŎǘƻǊȅ !ƴŀƭȅǎƛǎ,έ 

further explains the underlying reasoning and different carbon price scenarios developed for 

sensitivity analysis.  

Next we describe key input variables affecting the carbon price responsiveness of emissions 

across sectors.  

In the industry sector, the key input parameter is -0.5 price elasticity of demand for natural gas, 

meaning that for a given percentage change in fuel price, fuel use changes by half as much. This 

is the mid-point of the range used in the Borenstein et al. (2017) study of expected carbon prices 

through 2030. The selected price elasticity value reflects a mid-term perspective, appropriate 

over a 2030 timeframe.19 The structure of the model for the industry sector does not allow for 

varying price elasticities over time. There is a single time-invariant input value for each fuel. The 

selected value would produce inappropriately large short-run effects in the early years of policy 

implementation if not addressed. Whereas the short-run response is dominated by behavioral 

adjustments, as more time passes broader changes to capital stock are possible, expanding the 

scope for the response to 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 price, we adjust the policy implementation 

schedule. We apply a scaling function to the schedule to lower the emission reductions caused 

by the carbon price in the early years. The reductions attributable to carbon pricing increase to 

full strength in 2026.  

The EPS explicitly accounts for differences between short-run and long-run elasticities for other 

sectors. For example, the transportation sector travel demand variable (i.e., passenger miles 

traveled or freight ton miles traveled) responds to one elasticity parameter, while the carbon 

price separately enters the vehicle purchase choice function.  

In the building sector, carbon price affects energy use and emissions via two pathways, related 

to equipment efficiency and demand effects. The elasticity of demand for building services with 

respect to price ranges from -0.15 to -0.3, drawing on the Annual Energy Outlook (Energy 

                                                      
19 The research uses a range of -0.4 to -0.6 for the price elasticity of demand for natural gas. See page 17-18 of Borenstein et al. 
(2017ύ ŦƻǊ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ŀǳǘƘƻǊǎΩ ŜƭŀǎǘƛŎƛǘȅ ŎƘƻƛŎŜǎ ŀƴŘ ǿƘȅ ǘƘŜȅ ǾƛŜǿ ŜƭŀǎǘƛŎƛǘƛŜǎ ƛƴ ōŜǘǿŜŜƴ ǘƘŜ ǎƘƻǊǘ- and long-runs as 
most appropriate for a 2030 timeframe.  

https://ei.haas.berkeley.edu/research/papers/WP281.pdf
https://www.eia.gov/outlooks/aeo/assumptions/pdf/residential.pdf
https://ei.haas.berkeley.edu/research/papers/WP281.pdf
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Information Administration 2019). The lower value determines the carbon price effect on natural 

gas combustion in residential buildings, the largest source of building emissions. The inducement 

a carbon price offers to purchase more-efficient building components (i.e., heating and cooling) 

is also included. The elasticity of building equipment energy demand with respect to energy cost 

ranges from -0.26 to -0.45. The size of this effect on average device efficiency across all buildings 

is limited in the near term by the rate of capital stock turnover. While not as durable as buildings 

themselves, components can last 15-20 years, with the average space heating lifetime estimated 

at 19 years.   

In the transportation sector, the carbon price affects emissions through the elasticity of travel 

demand for transportation, estimated at -0.1 for light-duty passenger vehicles and -0.15 for 

commercial trucks, reflecting well-researched short-run responses. Carbon price also factors into 

vehicle choice, affecting the net present value ownership costs for different vehicle technologies 

(i.e., fueled by gasoline vs. plug-in hybrid electric vs. full battery electric). Yet other factors, such 

as vehicle cost or even the energy cost savings per mile driven for electric vehicles in the BAU 

Scenario, are more important determinants of relative cost effectiveness than the carbon price 

effects at levels considered politically feasible.20  

4.4. LEAKAGE  

Leakage refers to the shifting of emissions to areas outside of California when economic activity 

relocates. Most GHG emissions in California are from economic activities rooted locally and 

resistant to locational change. Consider passenger vehicle emissions, which represent roughly a 

quarter ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƻǾŜǊŀƭƭ ŜƳƛǎǎƛƻƴǎ. The fraction of drivers located close enough to state 

boundaries that they would regularly drive out of state to purchase transportation fuel is 

miniscule. Household electricity demand is similarly not subject to leakage. Shifting from a 

household to a commercial perspective, research has shown that climate policies do not put 

most small businesses at a competitive disadvantage because their competitors operate on the 

same playing field (Brattle Group 2009).  

Leakage risks have been the subject of greater concern in relation to industrial firms producing 

energy-intensive, tradable products. Our results implicitly assume that net effects on industrial 

economic performance cancel each other outτthat clean technology growth takes the place of 

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

economic cost of vehicle ownership. EPS version 2.0 (the current version of the federal US EPS) adds variables related to vehicle 

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 

measure, a variable determining the maximum annual percentage sales growth was set according to a composite forecast of 

ŜƛƎƘǘ ŦǳǘǳǊŜ ǎŎŜƴŀǊƛƻǎΣ ǊŀƴƎƛƴƎ ŦǊƻƳ ǇŜǎǎƛƳƛǎǘƛŎ ǘƻ ƻǇǘƛƳƛǎǘƛŎΦ ό{ŜŜ ǘƘŜ ƛƴǇǳǘ ǎǇǊŜŀŘǎƘŜŜǘ ŦƻǊ ǘƘŜ ǾŀǊƛŀōƭŜ άaŀȄ tŜǊŎŜƴǘ bŜǿ 

Vehicles by TechnƻƭƻƎȅέ ŦƻǊ ŘŜǘŀƛƭǎ ƻƴ ƎŜƴŜǊŀǘƛƴƎ ǘƘŜ ŎƻƳǇƻǎƛǘŜ ŦƻǊŜŎŀǎǘΦύ ¢ƘŜ ƳŀȄƛƳǳƳ ƎǊƻǿǘƘ ŎƻƴǎǘǊŀƛƴǘ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǎǘƻŎƪ 

of electric vehicles growing to about 2.7 million vehicles in 2030 in the BAU Scenario. The only policy in the EPS that is able to 

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

requirement is an option in the EPS version 2.0.  

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
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carbon-intensive economic activity. We point to four factors mitigating leakage concerns for the 

industry sector and supporting our approach.  

First, CARB has distributed millions of free emissions permits and significant free allocation of 

emission permits will continue. For the express purpose of preventing leakage, Assembly Bill 398 

increased future levels of free permit allocation above levels expected under prior plans leakage. 

The method CARB has used to determine free allocationτoutput-based allocation, which 

provides free allowances contingent on the level of continued domestic productionτis at the 

forefront of global best practice.21  

Second, economic evidence raises doubts that manufacturing output will be negatively affected. 

For instance, an empirical study commissioned by CARB found that CaliforniaΩǎ manufacturing 

output will increase 0.15 percent on average over the long run under a carbon pricing regime, as 

shown in ά¢ŀōƭŜ сΦ [ƻƴƎπwǳƴ LƳǇŀŎǘǎ ƻŦ 9ƴŜǊƎȅ tǊƛŎŜ LƴŎǊŜŀǎŜǎέ όGray et al. 2016, p. 38). 

Although the report notes that άŦƻǊ ŀ ǾŀǊƛŜǘȅ ƻŦ ǘŜŎƘƴƛŎŀƭ ǊŜŀǎƻƴǎ ǘƘŜ ŀǳthors offer caution when 

interpreting the industry-specific long-Ǌǳƴ ǊŜǎǳƭǘǎΣέ όƛōƛŘ. p. 21), the overall finding that climate 

policy positively affects manufacturing does not fall under that caveat. The authors offer no 

warning regarding the overall average result. And in fact, long-run effects are generally 

ǎǳƳƳŀǊƛȊŜŘ ŀǎ ōŜƛƴƎ άŦƻǊ ǘƘŜ Ƴƻǎǘ ǇŀǊǘ ŎƭǳǎǘŜǊŜŘ ŎƭƻǎŜǊ ǘƻ ȊŜǊƻΣέ όƛōƛŘΦ ǇΦ 18).  

Third, optimism that any negative leakage effects would be moderate to negligible is bolstered 

by the historical record. As California has intensified its climate policy, the stateΩǎ economy has 

generated very strong growth rates and levels of wealth creation, outperforming other large 

states like Texas by many macroeconomic measures (Busch 2018). An ideal analysis would 

compare actual outcomes to economic performance in the absence of any climate policy. 

Without such research, this much is clear: intensifying climate policy thus far has co-existed 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. As other major economies intensify their climate policy efforts, the potential for leakage 

diminishes.  

4.5.  LAND USE 

The effects of land-use change on emissions are included in neither the 1990 emissions 

inventory that has been used to define long-ǊŀƴƎŜ ǘŀǊƎŜǘǎ ƴƻǊ ǘƘŜ ǎǘŀǘŜΩǎ ŀƴƴǳŀƭ DID 

inventory.22 However, state policymakers have been actively working to incorporate land-based 

strategies into planning. California aims to expand carbon sequestration in natural and working 

lands, defined as including forests, rangelands, farms, wetlands, and soils. A concept paper put 

                                                      
21 We hope that policymakers will push forward the idea of boundary adjustments as an alternative, but so far, no jurisdiction 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.  

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
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ŦƻǊǿŀǊŘ ŀ άǇǊŜƭƛƳƛƴŀǊȅ Ǝƻŀƭ ŦƻǊ ǎŜǉǳŜǎǘŜǊƛƴƎ ŀƴŘ ŀǾƻƛŘƛƴƎ ŜƳƛǎǎƛƻƴǎ ōȅ ŀǘ ƭŜŀǎǘ мр-20 MMT CO2e 

ōȅ нлол ǘƘǊƻǳƎƘ ŜȄƛǎǘƛƴƎ ǇŀǘƘǿŀȅǎ ŀƴŘ ƴŜǿ ƛƴŎŜƴǘƛǾŜǎέ όCARB et al. 2018). 

To calibrate the BAU Scenario, we refer to Sleeter et al. (2019), which estimates that changes in 

land cover and land use will lead to net emissions of 8.4 MMT of CO2e in 2030. Policy potential 

and cost have also been estimated, but these require further vetting. We consider land-change 

inputs and results as preliminary and subject to refinement. Model users are asked to refrain 

from citing results or input from the land-use sector.  

5. CURRENT TRAJECTORY ANALYSIS 

5.1. THE CURRENT TRAJECTORY SCENARIO 

The Current Trajectory Scenario seeks to represent the policies in the 2017 Scoping Plan (CARB 

2017aύΣ /ŀƭƛŦƻǊƴƛŀΩǎ Ƴŀƛƴ ƭƻƴƎ-term strategy document, along with major policy changes adopted 

after the planΩǎ release, such as the increase in the low carbon fuel standard from 18 to 

20 percent instituted by CARB. 

The Current Trajectory Scenario seeks to test a relatively optimistic interpretation of the 

emission implications of existing policy. It assumes successful implementation of not only 

existing laws and regulations, but also stated commitments and executive orders, which future 

administrations could ignore or reverse.   

For example, the Current Trajectory Scenario reaches the 2030 goal of 5 million 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 vehicles sales reach nearly 50 percent of 

new light-duty 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 percent, reflecting regulations 

revised after the Scoping Plan was finalized. Additional transportation policies include targeting 

emissions from conventional motor vehicles and increasing vehicle electrification.   

Strengthening vehicle standards in this scenario covers conventional passenger vehicles as well 

as light- and heavy-duty trucks. Such policies require approval from the U.S. Environmental 

Protection Agency under the federal Clean Air Act, which gives the federal government exclusive 

authority to regulate the 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 currently a hotly contested area of federal-state environmental relations. The federal 

administration has sought ǘƻ ǊŜǾƻƪŜ /ŀƭƛŦƻǊƴƛŀΩǎ ŜȄƛǎǘƛƴƎ ŀǳǘƘƻǊƛǘȅ ŦƻǊ ƭƛƎƘǘ-duty vehicle 

standards through 2025 as part of a larger effort to weaken national standards. Revocation of a 

previously approved waiver would be unprecedented and unlikely to succeed, but the potential 

effects are explored via sensitivity analysis.  

https://arb.ca.gov/cc/natandworkinglands/nwl-implementation-plan-concept-paper.pdf
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The Current Trend Scenario also advances electrification of passenger buses and light- and 

medium-duty freight trucks, with zero emission mandates in 2030 reaching 50 percent for buses 

(approximating the requirement for 100 percent of urban transit buses to be electric by that 

time) and 10 percent for medium-duty trucks, reflecting Scoping Plan strategies targeting these 

vehicle types.23 

5.2. SUSTAINABLE COMMUNITY STRATEGIES 

The Current Trajectory analysis assumes sustainable community strategies are half as effective as 

had been expected when the last Scoping Plan analysis was completed in 2017.24  

Sustainable community strategies, analogous to the policy called transportation demand 

management in the model, are a collection of methods for lowering the need for motor vehicle 

travel, thereby reducing CO2e emissions from conventionally fueled vehicles. These strategies 

encompass a range of measures: encouraging the development of transit-oriented and walkable 

neighborhoods close to jobs, upgrading infrastructure for pedestrians and bicyclists, and 

improving public transit quality and convenience.  

The Current Trajectory assumption about the expected effectiveness of the policy should not be 

taken as opposition. Five years ago, we co-authored a research report, Moving California 

Forward, which found that sustainable community strategies offer significant emission reduction 

potential while delivering clear economic benefits that grow even stronger when considering 

broader social impacts. Current results from the California EPS also show sustainable community 

strategies to be attractive. Emission reductions are negative cost, saving many hundreds of 

dollars per tonτmore than any other policy considered. And these results do not even consider 

the economic benefits from consumers wasting less time in traffic (a productivity drag) or the 

                                                      
23 Excerpts from page 25 of the 2017 Scoping Plan: 

Strategies related to freight trucks: 
o Deploy over 100,000 freight vehicles and equipment capable of zero emission operation and maximize both 

zero and near-zero emission freight vehicles and equipment powered by renewable energy by 2030. 
o Put in place a new regulation targeting Last Mile Delivery, resulting in the use of low NOX or cleaner engines and 

the deployment of increasing numbers of zero emission trucks primarily for class 3-7 last mile delivery trucks in 
California. This measure assumes [zero emission vehicles] comprise 2.5 percent of new Class 3ς7 truck sales in 
local fleets starting in 2020, increasing to 10 percent in 2025. 

Passenger Bus-related strategies: 
o Innovative Clean Transit: Transition to a suite of innovative clean transit options. Assumed 20 percent of new 

urban buses purchased beginning in 2018 will be zero emission buses with the penetration of zero emission 
technology ramped up to 100 percent of new bus sales in 2030.  

24 The 2017 Scoping Plan aimed to reduce per capita vehicle miles traveled 25 percent below the 2005 level by 2035. 

To translate this policy goal 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 2030. This translation finds an approximately 

equal reduction in 2030 of 18 percent below the BAU Scenario value. Therefore, the assumption that policy is half as 

effective as intended implies a reduction in aggregate vehicle miles traveled of roughly 9 percent below the BAU 

Scenario.  

https://energyinnovation.org/wp-content/uploads/2015/11/Moving-California-Forward-Full-Report.pdf
https://energyinnovation.org/wp-content/uploads/2015/11/Moving-California-Forward-Full-Report.pdf
https://ww3.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
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public health benefits associated with more active lifestyles. Further, walkable communities with 

good transit service are in high demand yet are undersupplied. Myriad market failures stop new 

development of this sort, so another unpriced benefit of sustainable community strategies is 

giving people the ability to choose these communities.  

Thus, we support continued efforts to find new strategies that will deliver better urban design 

and mobility. The lower expectation in the model regarding future emission reductions from 

sustainable community strategies simply reflects the institutional and political challenges, as well 

as empirical evidence showing the difficulty of lowering vehicle miles traveled.  

Success on this front has remained elusive under Senate Bill 375, which became law in 2008, and 

related efforts. Senate Bill 375 did not give new authority to the state to force land-use change. 

In 2017, the state adopted Senate Bill 150, calling for retrospective analysis every four years 

thereafter. CARB ŘƛŘ ƴƻǘ ƳƛƴŎŜ ǿƻǊŘǎ ƛƴ ƛǘǎ ǊŜŎŜƴǘ ŀǎǎŜǎǎƳŜƴǘΥ άA key finding of this report is 

that California is not on track to meet the GHG reductions expected under Senate Bill 375 for 

2020, with emissions from statewide passenger vehicle travel per capita increasing and going in 

the wrong directionέ (CARB 2018a). 

Compounding the challenge are mega trends driving increased demand for both freight and 

passenger travel. E-commerce is already pushing freight transportation miles upward. New food 

and other delivery services are also growing in popularity, placing continued upward commercial 

pressure on travel demand.   

In passenger transportation, innovations such as shared mobility and self-driving cars are very 

likely to increase vehicle miles traveled. Ride sharing is currently recognized as raising vehicle 

ƳƛƭŜǎ ǘǊŀǾŜƭŜŘ ŘǳŜ ǘƻ άŘŜŀŘƘŜŀŘƛƴƎΣέ ƛΦŜΦΣ ŘǊƛǾƛƴƎ ŀǊƻǳƴŘ ƭƻƻƪƛƴƎ ŦƻǊ ŀ ǇŀǎǎŜƴƎŜǊΦ {ŜƭŦ-driving 

vehicles are almost certain to boost travel demand. A recent empirical study found that overall 

vehicle miles traveled increased by 83 percent with self-driving vehicles (Harb et al. 2018). This 

was just one study with a small sample size, but it provides real-world evidence that the spread 

of self-driving cars is likely to lead to more vehicle miles traveled.  

For these reasons, a lower level of effectiveness reflects more realistic expectations of future 

success in meeting goals for vehicle miles traveled. 

Notably, some progress has been made in the realms of transit and transit-oriented 

development. And it is possible that the governor and the legislature will agree on a 

transformative law, fundamentally shifting the state-local balance of power regarding land-use 

decisions. Legislative efforts appear to be gaining steam, though prospects for success are 

uncertain. We explore the possibility that sustainable community strategies will become more 

effective as part of the sensitivity analysis conducted for this report.   

5.3. CARBON PRICING 

The method used to set expected future carbon prices for the Current Trajectory Scenario is 

based on a constant projection method. We impute the carbon price in future years as the same 

percentage above the price floor observed in past auction results. The average of the settlement 

https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf
http://www.joanwalker.com/uploads/3/6/9/5/3695513/mustapha_et_al_-_final_transportation.pdf
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prices at the four auctions of California carbon allowances that occurred in 2019 was 8 percent 

ŀōƻǾŜ ǘƘŜ ŦƭƻƻǊ ǇǊƛŎŜΦ hƴ ǘƘƛǎ ōŀǎƛǎΣ ǘƘŜ ŎŀǊōƻƴ ǇǊƛŎŜ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ǎǘŀǘŜΩǎ ŎŀǇ-and-trade 

program is expected to reach a price of $28 per metric ton in 2030. 

The constant projection method was chosen because it is a relatively assumption-free approach 

to projecting future values, which is appropriate in light of uncertainty about what the actual 

future level will be. Current 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 and to the role that the 2017 Scoping Plan accorded to carbon pricing as the 

lynchpin of the strategy, the sensitivity analysis explores the effect of different possible future 

carbon price paths. Figure 6 shows a range of scenarios tested, as well as the Current Trajectory 

Scenario. Low Price and High Price scenarios reach $26 per metric ton (2017 dollars) and $101 

per metric ton (2017 dollars) in 2030, respectively, approximating the floor and ceiling in the 

current design ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ŎŀǇ-and-trade program. The Mid Price scenario splits the difference 

between these two.  

Figure 6. Carbon price expected in Current Trajectory and other scenarios  

 
¢ƘŜ ά{ƘŀǊŜŘέ ƭŀōŜƭ ƛŘŜƴǘƛŦƛŜǎ two valuesτfor 2020 and 2021τǘƘŀǘ ŀǊŜ ƴƻǘ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ƭŀōŜƭŜŘ άIƛǎǘƻǊƛŎŀƭέ ŀƴŘ that are 

included in all the scenariosΩ modeling of changes to carbon pricing. Because of the overlap, the graphical presentation uses a 

different label for these future values. Historical values are calculated as an average of quarterly auction settlement prices.  

Source: CARB auction results for historical data 2017-2019 

The Appendix discusses in more detail the factors considered in forming price scenarios, delving 

into the history, political-economy, and leading studies from academicians and carbon market 

consultants. Briefly, we note that privately held 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 200 Ƴƛƭƭƛƻƴ ǎǳǊǇƭǳǎ ŀƭƭƻǿŀƴŎŜǎΣ ƳƻǊŜ ǘƘŀƴ ƘŀƭŦ ŀ ȅŜŀǊΩǎ ǿƻǊǘƘ 

of covered emissions (Inman et al. 2019; Lithgow 2019b). Surplus allowances can be held 

indefinitely and used in future years. 

https://osf.io/9shd6/
http://carbon-pulse.com/72538/
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5.4. UPPER AND LOWER BOUNDS ON CURRENT POLICY EFFECTIVENESS  

The future emission pathway resulting from the Current Trend Scenario represents an expected 

outcome, but different plausible future scenarios are possible. Sensitivity analysis evaluated a 

range of alternative values considered reasonably likely.  

The Lower Bound Scenario defines the fastest emission reductions developed as a result of 

varying assumptions underlying the Current Trajectory Scenario. The Lower Bound Scenario 

includes one variation from the policy settings in the Current Trajectory Scenario: a higher-than-

expected carbon price, reaching $63 per metric ton in 2030. By comparison, the Current 

Trajectory Scenario assumes the price of carbon reaches $28 per metric ton in 2030.  

The Upper Bound Scenario defines the slowest emission reductions developed as a result of 

varying assumptions underlying the Current Trajectory Scenario. In this scenario, vehicle 

standardsτboth fleet average tailpipe emissions standards and zero emission vehicle 

standardsτare frozen at 2020 levels. This scenario explores the possible effects of an action 

proposed by the US Environmental Protection Agency that would weaken existing federal rules 

for increasing vehicle fuel economy, requiring άno vehicle fuel economy or [GHG] emissions 

ƛƳǇǊƻǾŜƳŜƴǘǎ ŦƻǊ ŀ ǇŜǊƛƻŘ ƻŦ ŀǘ ƭŜŀǎǘ ǎƛȄ ȅŜŀǊǎέ όCARB 2018b). The action also directly targets 

/ŀƭƛŦƻǊƴƛŀΩǎ ǾŜƘƛŎƭŜ ŜƳƛǎǎƛƻƴ ǇƻƭƛŎƛŜǎΣ ǇǊƻǇƻǎƛƴƎ ŀ ά/ŀƭƛŦƻǊƴƛŀ ǿŀƛǾŜǊ ǿƛǘƘŘǊŀǿŀƭέ όU.S. 

Environmental Protection Agency and U.S. Department of Transportation 2018).  

The federal Clean Air Act explicitly permits California to set vehicle emission standards under 

certain conditions, as validated through a waiver of the rules otherwise giving the federal 

government exclusive authority to regulate motor vehicle emissions. The state has used this 

authority to set άclean car standardsέτtailpipe emission standards that govern all vehicles 

soldτand also to support the emergence of zero emission vehicle technologies through 

minimum sales requirements. 

The revocation of an existing waiver has never been attempted and CARB has a track record of 

winning in court, but expert legal opinion is divided on the likelihood of success. Given these 

complexities, the Upper Bound Scenario should not be read as a prediction of the likely effects of 

a Trump administration victory in its battle with California over vehicle standards. What the 

Upper Bound Scenario does is illustrate the importance of the carbon intensity of motor vehicles 

in California.  

5.5. CURRENT TRAJECTORY RESULTS 

Using the Current Trajectory Scenario as a representation of existing policy, the EPS finds that 

the current framework causes emissions in 2030 to fall to 284 MMT of CO2e, roughly 25 MMT 

above the target, as illustrated below. This quantity of emissions remaining above the target is 

ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ άǇƻƭƛŎȅ ƎŀǇ.έ  

https://ww2.arb.ca.gov/news/governor-brown-attorney-general-becerra-and-carb-chair-nichols-lead-national-coalition
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100V26M.pdf
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100V26M.pdf
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Figure 7. California EPS finds a policy gap of approximately 25 MMT of CO2e 

 

Source: California EPS 

Figure 7 graphs the results of the current trajectory analysis, showing that the Current Trajectory 

Scenario leaves emissions approximately 25 MMT of CO2e above the 2030 target. The figure also 

shows the emissions paths found for the upper and lower bound scenarios and the resulting 

2030 emission gap, which ranges from 13 to 43 MMT of CO2e. Finally, Figure 7 also shows 

emission levels estimated for an Initial Scoping Plan Scenario, referring to the first economy-wide 

policy planning process CARB undertook in service of meeting the 2020 target.25 This comparison 

offers some context on the strength of current policies, which reduce emissions by roughly 

130 MMT of CO2e over the original Assembly Bill 32 package reflected in the Initial Scoping Plan 

Scenario.  

In other recent work, Next10 and Beacon Economics (2019) take a different approach to 

analyzing current trends. They project recent emission reduction trends into the future without 

attempting to account for changing policy parameters. Next10 and Beacon Economics (2019) 

also conclude California will need to strengthen its policies in order to hit the 2030 target. 

                                                      
25 The emission projection to 2030 for the Initial Scoping Plan Scenario is drawn from a pre-release version of the California EPS 

that was developed during participation in the third California Climate Policy Modeling Dialogue (Fulton et al. 2019). 

https://www.next10.org/sites/default/files/2019-10/2019-california-green-innovation-index-final.pdf
https://www.next10.org/sites/default/files/2019-10/2019-california-green-innovation-index-final.pdf
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6. CRITERIA FOR POLICY STRENGTHENING  

This section describes the criteria used to recommend policies ǘƻ ƳŜŜǘ /ŀƭƛŦƻǊƴƛŀΩǎ нлол 

emissions target. Four criteria were used: (1) meeting the 2030 goal, (2) achieving cost 

effectiveness, (3) minimizing technology risk, and (4) minimizing risks related to policy 

effectiveness and politics.  

The first two criteria interact directly with model outputsτeffect on emissions and economic 

and monetized social impacts. The overarching goal was inducing emission reductions sufficient 

to achieve the 2030 target. Within the constraint of 2030 emissions falling below 258.6 MMT of 

CO2e, significant attention also went to cost effectiveness. Optimization of the type common in 

economics and operations research is not built into the structure of the EPS, but such cost 

minimization can be approximated using the model.26  

Minimizing technology risk was a third consideration. In practice, with the target just one decade 

away, this means relying on currently available and substantiated technology. Ultimately, these 

options proved largely sufficient to hit the goal. The carbon capture and sequestration 

technology used as a lynchpin of the compliance strategy for the proposed cement and concrete 

standard is the most novel technology deployed. Demonstration carbon capture and 

sequestration projects existτsome of them quite large in scale. But despite promising indicators 

of falling cost, significant market deployment has yet to occur.  

Fourth, recommendation development took into account the possibility of policy 

underperformance and political risk. Institutional and behavioral barriers are among the factors 

that may inhibit policy effectiveness. For example, the sustainable community strategies that the 

state is pursuing under Senate Bill 375 appear highly cost effective in California EPS results, 

saving on the order of $1,000 per metric ton.27 Nonetheless, it was deemed unwise to count too 

significantly on reductions from passenger travel demand management. Local government 

control of land-use decisions is one clear factor limiting the effectiveness of such state policies.  

Carbon pricing presents an example of political risks. The carbon price included in the Energy 

Innovation Scenarioτreaching the mid-point between the current price floor and ceiling in 2030, 

i.e., roughly $63 per metric ton (2017 dollars)τreflects a judgment that higher levels may be 

politically infeasible.  

7. RECOMMENDED POLICY STRENGTHENING 

This section introduces the six recommended policy enhancements in the Energy Innovation 

Scenario, explaining how they function and their calibration in the modeling.  

                                                      
26 The EPS model download provides Python code to enable batch runs and to enable searching for expenditure savings across a 

range of policy combinations, allowing identification of cost-minimizing combinations.  
27 As mentioned, the state policy is represented using the passenger travel demand management in the model. The units 
presented for this metric are the same as for the policy benefit-cost curve. Direct monetary impacts are calculated as the net 
present value of spending effects through 2030, discounted at 3 percent annually.  



26 

 

Table 1, below, provides an overview. 

Table 1. Recommendations in brief ς key features and quantitative calibration in the model 

Policy (sector) Description Calibration 

Strengthening of existing policies 

Cap-and-trade 
program  

(Multiple sectors) 

[ƛƴƪ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ŎŀǊōƻƴ 
price floor to whether or not 
overall emissions are on track 
for the 2030 goal. 

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

Clean energy 
standard  

(Electricity supply) 

Ratchet up standards. 
Modeling also represents 
additional storage and 
demand response needed for 
electricity reliability. 

Electricity sector emissions fall to 38 MMT of 
CO2e in 2030, compared to 46 MMT under 
current plans. Renewable electricity 
generation grows by 7 percent. Modeling 
accounts for system reliability needs through 
additional battery storage and peak load 
shifting.  

Zero emission 
vehicles 

(Transportation)  

Increase requirements under 
the zero emission vehicle 
mandate for passenger cars 
and trucks. 

Zero emission vehicles reach 75 percent of 
passenger car and truck sales in 2030, and the 
number of electric vehicles ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ 
statewide fleet grows to exceed 7.5 million. 

Building 
electrification 

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

Policy effects are modeled as a shift to 
increasing shares of advanced electric heat 
pumps in new unit sales for residential space 
heating and water heating, reaching 50 
percent of new sales in 2030. 

New initiatives 

Zero emission heat 
standard 

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

Reductions peak at half the technical 
potential for solar thermal steam to 
substitute for natural gas as identified by ICF 
(2015). In 2030, this is roughly equal to a 6 
percent fuel switch from natural gas to solar 
thermal.28  

Cleaner concrete 
production  

Implement performance 
standard requiring steady 
reductions in GHG emissions. 

In the Energy Innovation Scenario, 2030 
emissions related to concrete production fall 
44 percent below the empirical level 
observed in 2017.   

Some of the recommendations in Table 1 are readily connected to existing policies. The carbon 

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

                                                      
28 άCǳŜƭ ǎǿƛǘŎƘƛƴƎέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǎǳōǎǘƛǘution of a zero- or low-carbon source of energy for a higher-emitting source. 

https://www.glasspoint.com/media/2015/02/ICF_Impact-of-Solar-Powered-Oil-Production-on-Californias-Economy_January-2015.pdf
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building sector policies also correspond to existing initiatives. The two recommended industry 

sector policies are more novel. The discussion that follows explains how these policies are 

represented in the model and suggests practical next steps for policymakers.  

Policy strengthτin EPS terminology, the policy settingτis the key factor determining the ǇƻƭƛŎȅΩǎ 

effect for a given set of input assumptions. How a policy changes over timeτknown as the policy 

implementation scheduleτis 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 policies. 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 capture and 

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 carbon price ($63 per metric ton in 2030) than 

does the Current Trajectory Scenario ($28 per metric ton in 2030). The EPS finds that the carbon 

price generates favorable economic and social impacts, but policymakers have expressed 

concerns over a political backlash if prices rise too much or too fast. Absent political constraints, 

our recommendations would have included an even more robust contribution from higher 

expected carbon prices. 

The political challenges associated with carbon pricing, which policymakers ignore at their peril, 

can partly be traced to problems of perception. A 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 subject to being labŜƭŜŘ ŀǎ ŀ άǘŀȄΣέ ŀ ǇƻƭƛǘƛŎŀƭƭȅ ŎƘŀƭƭŜƴƎƛƴƎ ŦǊŀƳŜΦ  

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. The driver 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 adjust. For example, 

in the ŎƻƴǘŜȄǘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎŀǊ-dependent transportation systems and housing scarcity, some 

people of modest means cannot afford to buy a more efficient vehicle and have limited 

prospects for moving closer to their place of work. For Californians facing already-thin household 

margins for survivalτespecially those with long commutesτany new costs tied to higher carbon 

prices may trigger feelings of injustice. More broadly speaking, changing the economic playing 

field without aŘŘǊŜǎǎƛƴƎ ǳƴŘŜǊƭȅƛƴƎ ǎǘǊǳŎǘǳǊŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ǘƘŀǘ ƭƛƳƛǘ ƛƴŘƛǾƛŘǳŀƭǎΩ ƻǊ ŦƛǊƳǎΩ 

opportunities to adjust can generate political opposition.  
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Carbon market supply and demand trends and other factors shaping price expectations and the 

carbon pricing recommendation are further discussed in the Appendix.  

7.2. CLEAN ELECTRICITY STANDARD 

¢ƘŜ ǎǘŀǘŜΩǎ ǊŜƴŜǿŀōƭŜ ǇƻǊǘŦƻƭƛƻ ǎǘŀƴŘŀǊŘ has served as the most important driver of 

decarbonization in utility-level 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 sales.29 Renewable power sources include wind, utility-scale solar thermal 

and photovoltaic, biomass, geothermal, and small hydroelectric. 

{ŜƴŀǘŜ .ƛƭƭ мллΩǎ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ 60 percent renewables was introduced in the BAU Scenario 

discussion in section 4.2. The requirement is maintained in the Current Trajectory Scenario. The 

ōƛƭƭ ƳŀǊƪǎ ŀ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀƴ ŜƳǇƘŀǎƛǎ ƻƴ άŎƭŜŀƴέ ƻǊ άȊŜǊƻ ŜƳƛǎǎƛƻƴέ ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎ. Also 

known as άThe 100 Percent Clean Energy Act of 2018,έ the bill establishes a 2045 target of 

100 percent clean energy. The legislation does not specifically define the term άŎƭŜŀƴΣέ 

delegating this decision to the California Energy Commission. Though the Commission has issued 

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

nuclear, large hydroelectric and natural gas with carbon capture and sequestration.    

Senate Bill 100 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 lower collateral 

environmental impact than other low-emission sources. At very high levels of decarbonization, it 

makes sense to allow for a broader set of zero emission sources.  

hǳǊ ǿƻǊƪ ƛǎ ƎǳƛŘŜŘ ōȅ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ŀǎǎǳƳǇǘƛƻƴǎ ǳǎŜŘ ƛƴ ǎǘŀǘŜΩǎ ƭƻƴƎ-term planning process, 

which considered three scenarios (California Public Utilities Commission 2019). These three 

scenarios are referred to according to the level of sector-wide emissions achieved in 2030: 46, 

38, and 30 MMT of CO2e, respectively. The 46 MMT Scenario currently driving system planning is 

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

{ŎŜƴŀǊƛƻΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǇƻƭƛŎȅ is calibrated to the 38 MMT Scenario. 

²Ŝ ƴƻǘŜ ǘƘŀǘ ŜǾŜƴ ƛƴ ǘƘŜ ол aa¢ {ŎŜƴŀǊƛƻΣ ƳƻŘŜƭƛƴƎ ŦƻǊ ǘƘŜ ǎǘŀǘŜΩǎ ƭƻƴƎ-run planning uses a 

mix of new solar and wind power as new sources of electricity generation. This reflects an 

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

new resources (E3 2019). California has banned new nuclear power plants and has not added 

meaningful large hydroelectric capacity in many years. Nuclear and hydroelectric are two of the 

                                                      
29 Typically, up to 10 percent of electricity consumed in California may fall outside of the scope of retail sales. Water pumping, a 
large source of electricity demand, is an example. Also, 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 imports and exports. 
Turning up the strength of the clean energy standard policy 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 the EPS to large 
countries where imported electricity is relatively iƴǎƛƎƴƛŦƛŎŀƴǘΦ ¢ƘŜ ƭŀǊƎŜ ǎƘŀǊŜ ƻŦ ƛƳǇƻǊǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ ƎŜƴŜǊŀǘƛƻƴ 
mix is unusual even among U.S. states.  

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
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main candidates added to the list of qualifying technologies by the expansion of qualifying 

technologies under a clean energy standard as compared to a renewable energy standard. An 

oft-mentioned third candidate is carbon capture and sequestration for natural gas, but this 

technology is still quite costly compared to other zero-carbon alternatives. Yet at levels 

substantially below 90 percent decarbonization, as ŎƻƴǘŜƳǇƭŀǘŜŘ ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ ƭƻƴƎ-run planning 

and in this report, the distinction between άrenewableέ and άcleanέ electricity requirements is 

less important than when the system approaches 90 percent or 100 percent carbon free.  

The Energy Innovation Scenario increases the amount of electricity sourced from solar and wind 

power by 7 percent in 2030, which reduces electricity supply emissions by approximately 8 MMT 

of CO2e in 2030. The strength of the policy was calibrated by ratcheting up the clean energy 

standardΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ until sector emissions declined to 38 MMT to align with modeling done 

for the ǎǘŀǘŜΩǎ electricity sector long-run planning process, as mentioned (California Public 

Utilities Commission 2019).30 Modeling of the policy also draws on ǘƘŜ ǎǘŀǘŜΩǎ ƭƻƴƎ-run planning 

process to inform assumptions made regarding the parallel investments in flexibility resources 

associated with higher levels of solar and wind power, for the purpose of system reliability.31   

Figure 8. Electricity supply metrics in Current Trajectory and Energy Innovation scenarios  

 

                                                      
30 The relevant proceeding at the utilities commission is technically known as the Integrated Resource Plan and Long Term 
Procurement Plan.  
31 Flexibility resources are a way for electricity system planners to analyze whether different hypothetical system configurations 

will ensure electricity supply is sufficient to meet peak loads, as necessary for system reliability. Electricity sector modeling with 
the California EPS for this report makes use of two flexibility resources: battery storage and demand response (the ability to 
reduce peak demand, especially by shifting electricity loads to off-peak periods). 

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/
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Source: California EPS 

Figure 8 shows renewable and clean energy generation achieved as percentages of retail sales, 

illustrating that the planned Diablo Canyon nuclear power plant closure causes the share of clean 

generation to decrease between 2025 and 2026. The incremental difference induced by the 

Energy Innovation Scenario is 7.4 percent in renewable electricity and 7.5 percent in clean 

energy.32  

7.3. ZERO EMISSION HEAT STANDARD 

The zero-emission heat performance standard for industry is a new concept, but it draws 

inspiration from California policymakersΩ work to advance the state of the art in designing 

technologically neutral, flexible performance standards. The recommended zero emission heat 

standard for industry is calibrated in the modeling based on the potential to displace natural gas 

with solar thermal energy in oil extraction. Though initially calibrated to reflect the potential 

available with current technologies, the policy should be refinedτrequirements uppedτas 

other technological options reach commercial scale and cost competitiveness. Several emerging 

options show promise to reach commercial viability. 

In 2017, natural gas combustion for oil extraction accounted for more than 20 percent of 

/ŀƭƛŦƻǊƴƛŀΩǎ ǘƻǘŀƭ ƴŀǘǳǊŀƭ Ǝŀǎ ǳǎŜΣ ŀƭƳƻǎǘ ŜƴǘƛǊŜƭȅ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ŎǊŜŀǘƛƴƎ ǎǘŜŀƳ ŦƻǊ ŜƴƘŀƴŎŜŘ 

oil extraction.33 The recommended calibration of this policy equals approximately half of the fuel 

switching potential in California, as identified by the consultancy ICF International (2015), which 

estimates cost-effective displacement for up 30 percent of steam from natural gas for oil 

extraction.  

Several companies are now offering to provide solar thermal steam at a price competitive with 

conventionally generated steam. Yet ǘƘŜ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ŦǊƻƳ ǘƘŜ ǎǘŀǘŜΩǎ ŎŀǇ-and-trade program 

and the low carbon fuel standard have not provided sufficient incentives for investment. While 

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

price ceiling, future prices are still too uncertain to unlock the large up-front 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 fast-enough uptake. In the end, it is the most cost-

effective policy.  

Turning from the near-term opportunity for more use of currently commercialized solar thermal 

technology, several emerging technologies for providing zero emission heat are showing 

promise. In laboratory and demonstration projects, solar thermal energy has been able to reach 

                                                      
32 The values shown in Figure 8 differ slightly from these values due to rounding.. 
33 Of all energy used in California oil production, 90 percent is in the form of steam (ICF 2015 p. 2). This is equivalent to 
approximately 96 percent of energy from natural gas, based on the oil extraction subsector data on energy demand in the 2017 
Scoping Plan analysis (CARB 2017b).   

https://www.glasspoint.com/media/2015/02/ICF_Impact-of-Solar-Powered-Oil-Production-on-Californias-Economy_January-2015.pdf
https://ww3.arb.ca.gov/cc/scopingplan/2030sp_appd_pathways_final.pdf
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the very high temperatures needed to produce materials like cement and steel, but no company 

has managed to deliver such high temperatures at commercial or industrial scale, at competitive 

prices. A Pasadena company is trying to do so with a new approach leveraging the latest 

advances in sensors and software (Temple 2019). Another emerging option for zero emission 

heat for industrial use involves combusting hydrogen produced from electrolysis powered by 

renewable electricity. Carbon capture and sequestration methods could provide another 

pathway.  

A zero-emission heat performance standard would very likely require new legal authority. Such a 

policy appears ǘƻ ōŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ /!w.Ωǎ ŎǳǊǊŜƴǘ ŀǳǘƘƻǊƛǘȅ ǳƴŘŜǊ !ǎǎŜƳōƭȅ .ƛƭƭ офуΩǎ ǇǊƻǾƛǎƛƻƴ 

that the cap-and-ǘǊŀŘŜ ǇǊƻƎǊŀƳ ŀƭƻƴŜ ǎƘŀƭƭ ōŜ άthe rule for petroleum refineries and oil and gas 

production facilities to achieve their [GHG] ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎέ (Assembly Bill 398 at 

Section 38592.5(a)(1)). 

7.4. BUILDING ELECTRIFICATION  

Strengthening the building electrification policy 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 model by dialing up new equipment 

sales. This policy is calibrated in the model such that 50 percent of new sales of residential space 

heating and water heating equipment in 2030 are shifted to electricity from units otherwise 

fueled by natural gas in the BAU and Current Trajectory scenarios. Those scenarios include some 

purchase of electric heat appliances, but not of the highly efficient advanced heat pump type. 

The building electrification policy targets the sale of new equipment, which affects both newly 

constructed buildings and replacement of equipment in existing buildings. Every building sees 

turnover of water and space heating equipment. These new purchases to replace units reaching 

end of life in existing buildings are also up for grabs in the marketplace, and are affected by the 

EPS building electrification policy.  

Theoretically, renewable natural gas use presents an alternative approach to addressing the 

emissions targeted with building electrification. Our modeling assumes that renewable natural 

gas displaces all conventional gas use in the transportation sector. But the limits on sustainable 

supply of renewable natural gas appear to be a barrier to much more widespread use. 

άAssuming California could access up to its population-weighted share of the U.S. supply of 

sustainable waste-product biomass, excluding purpose-grown biomass crops, there appears to 

be insufficient biomethane34 to displace the necessary amount of building and industry fossil 

natural gas consumption to meet the ǎǘŀǘŜΩǎ long-term climate goalsΣέ όE3 2018, p. 33). Such 

researchΣ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ 9t{Ωǎ ǳǎŜ ƻŦ ǊŜƴŜǿŀōƭŜ ƴŀǘural gas for transportation, 

                                                      
34 Biomethane is natural gas from sources understood to be carbon neutral. Biomethane, sometimes called biogas, is naturally 

occurring gas produced by the so-called anaerobic digestion of organic matter. Chemically, it is identical to natural gas stored 
deep in the ground. Biomethane is considered to be a carbon-neutral source of energy under /ŀƭƛŦƻǊƴƛŀΩǎ DID ŀŎŎƻǳƴǘƛƴƎ 
methods, as is typical of inventory methods.  

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://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012-1.pdf
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suggests the sustainable supply of renewable natural gas is not large enough to also support 

large-scale decarbonization in buildings. 

Initial modeling with the California EPS has targeted residential sector buildings because our 

interviews with experts in the field suggested residences are understood to be the largest source 

of cost-effective emission reductions. GHG emissions from the residential sector are roughly 

double the level of those in the commercial building sector. Moreover, the research literature on 

residential buildings offers a recent, detailed economic analysis using empirical data on actual 

California heat pump installations (Synapse 2018). 

Though the California EPS identifies a pathway to reaching the 2030 target with a building 

electrification policy only affecting residential buildings and reaching 50 percent of sales in 2030, 

policy should aim higher. In light of the fifteen- to twenty-year lifetime of such building 

components and post-2030 goals, the state should direct that advanced heat pumps account for 

100 percent of new water heater and space heater sales for residential buildings, or as close as 

possible to that goal.  

The level of building electrification was selected in part to recognize potential hurdles. For 

example, installation in some existing buildings may be costly or deemed impractical. Moreover, 

electric heat pumps are less effective in very cold climates, though these conditions are likely to 

affect only a small fraction of California buildings. The policymaking environment is also 

challenging. If the federal government already has appliance energy efficiency standards, such as 

exist for space and water heatingΣ ǎǘŀǘŜǎ ŀǊŜ άǇǊŜ-ŜƳǇǘŜŘέτbarredτfrom setting their own, 

separate efficiency standards.  

A package of measures, not a single policy, will be needed for building electrification to succeed. 

California policymakers have already begun this work. The California Energy Commission is 

analyzing the technology pathways available to reach emission reductions in the building sector 

of at least 40 percent below 1990 levels by 2030, as required under Assembly Bill 3232, signed 

into law in September 2018. The California Energy Commission (2019ύ Ƙŀǎ ŀŘƻǇǘŜŘ ŀƴ άEnergy 

Efficiency Action Planέ that gives new emphasis to the role of building electrification. The 

California Public Utilities Commission has revised rules for utility efficiency programs to enable 

them to more flexibly support uptake of advanced electric heat pumps.  

State policymakers are also actively working with local governments, as exemplified by the 

California Energy CommissionΩǎ (2019) approval of applications from six cities for building code 

changes that encourage electrification. In July 2019, Berkeley prohibited the connection of new 

homes to natural gas infrastructure, effectively banning natural gas use in new construction 

within city limits (Myers 2019). Dozens of cities, from Carlsbad in the south, to San Luis Obispo in 

the central coast, to Windsor and Davis in the north, have followed suit, taking steps ranging 

from prohibiting natural gas use in new building construction to creating monetary incentives 

that encourage consumers to purchase electric heat pump appliances.   

https://www.synapse-energy.com/sites/default/files/Decarbonization-Heating-CA-Buildings-17-092-1.pdf
https://www.energy.ca.gov/news/2019-12/cec-approves-first-local-energy-efficiency-standards-go-beyond-2019-statewide
https://www.energy.ca.gov/news/2019-12/cec-approves-first-local-energy-efficiency-standards-go-beyond-2019-statewide
https://www.forbes.com/sites/energyinnovation/2019/07/22/as-cities-begin-banning-natural-gas-states-must-embrace-building-electrification-with-smart-policy/#61bcc8a76ce6
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7.5.  ZERO EMISSION VEHICLE POLICY 

To spur additional light-duty passenger vehicle deployment, the Energy Innovation Scenario uses 

ǘƘŜ ƳƻŘŜƭΩǎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ǎŀƭŜǎ ǇŜǊŦƻǊƳŀƴŎŜ ǎǘŀƴŘŀǊŘΣ ŀƴŀƭƻƎƻǳǎ ǘƻ ŀƴ ŜȄƛǎǘƛƴƎ /ŀƭƛŦƻǊƴƛŀ 

policy known as the zero emission vehicle mandate. Leaving aside current policy details, which 

include complications such as partial credits for hybrid vehicles, the policy in the model requires 

automakers to steadily ramp up electric vehicle sales. As specified in the recommended package, 

the policy ratchets up in strength to reach 75 percent of new sales in 2030, leading to roughly 

7.5 million zero emission light-duty passenger vehicles in the statewide fleet, compared to 5 

million under the Current Trajectory Scenario.   

In the past, CARB requested and received federal approval under the Clean Air Act in advance of 

implementing ǘƘŜ ǎǘŀǘŜΩǎ ȊŜǊƻ ŜƳƛǎǎƛƻƴ ǾŜƘƛŎƭŜ ƳŀƴŘŀǘŜΦ Therefore, the ongoing dispute 

between the Trump administration and California ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ǳƴƛǉǳŜ ŀǳǘƘƻǊƛǘȅ to set 

vehicle emission standards under the federal Clean Air Act affects this recommendation. A 

performance standard, as used in the modeling, may be unavailable in practice, requiring the use 

of other tools.  

Even if the state has a free hand to craft vehicle policies as it chooses, a broader array of 

measures and policies must be involved. This is because, as with building electrification, the end 

goal for policy ultimately involves consumer choice. An example in the area of transportation 

policy is the issue of electric vehicle charging. The cost of charging infrastructure is included in 

the modeling, but the model is not able to answer questions about the optimal mix of charger 

types: How to regulate public charging, for instance, or how as a practical matter to ensure 

access by renters living in multi-family buildings, where the option to install a dedicated vehicle 

charger may not exist.  

7.6. PERFORMANCE STANDARD FOR CEMENT AND CONCRETE  

Concrete is an exciting area for innovation in decarbonization technology. In fact, the potential 

for net negative concrete emissions exists because of the natural process of carbonization, 

whereby the cement within concrete reabsorbs some of the CO2 emitted during production in 

the decades after its manufacture (Rissman 2018). We recommend establishing a GHG emission 

performance standard for concrete production.  

In the Energy Innovation Scenario, the addition of the proposed concrete standard, as well as 

greater reductions from carbon pricing, cause ǘƘŜ ǎǳōǎŜŎǘƻǊΩǎ ŜƳƛǎǎƛƻƴǎ ǘƻ Ŧŀƭƭ to 4.7 MMT of 

CO2e, a reduction of 44 percent below the 2017 level. This compares to a reduction of 

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

In parallel, we also recommend establishing a border carbon adjustment for imported cement, 

whereby cement imported from jurisdictions with weaker climate policies would be required to 

pay a feeτthe border adjustmentτto account for unregulated GHG emissions, leveling the 

playing field in the California market for in-state producers. Assembly Bill 398 (California 

Legislature 2017) specifically recommends considering such an approach: άThe state board shall 

https://energyinnovation.org/wp-content/uploads/2018/11/The-Role-of-Cement-in-a-Carbon-Neutral-Future.pdf
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398
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 

reduce leakage, including the potential for a border carbon adjustment, while maintaining the 

ǎǘŀǘŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀŎƘ ƛǘǎ ǘŀǊƎŜǘǎέ (Section 38562.b.2.I.). 

Border carbon price adjustments have long been seen as an elegant solution to competitiveness 

concerns, but the lack of notable real-world examples evidences the challenges, which are in 

large part analytical. Recent work by Hasanbeigi and Springer (2019) 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 single industry subsector will also help manage required international 

supply chain analyses.  

Expert opinion is divided about the legal vulnerabilities of such a policy. Until the courts weigh in, 

a border adjustment policy necessarily involves legal uncertainty. Nonetheless, border 

adjustments hold great potential as a tool for managing competitiveness concerns. 

Hewing to best practice in policy design and encouraging innovation, we recommend a 

technology-neutral GHG emission performance standard allowing plants to use their preferred 

mitigation approach. We use the model to select a cost-effective combination of mitigation 

options, principally using carbon capture and sequestration technology. Injection of CO2 during 

the cement-making process accounts for a smaller portion of the reductions. This reduces the 

need for carbon-intensive material inputs, as reviewed by Rissman (2018), who also profiles 

other cutting-edge material input advances under development. Fuel-switching from coal to 

natural gas was considered for inclusion among recommended policies, but was found to be a 

higher-cost option. 

Turning to the details relevant to carbon capture and sequestration, CO2 concentrations in flue 

gas waste streams flowing out of cement kilns (the main energy-using stage) are higher than for 

typical coal or natural gas power plants or other industrial factories. Therefore, these emissions 

are particularly amenable to carbon capture technologies.  

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ŘŀǘŀΣ со ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǘŀǊƎŜǘŜŘ ǎŜŎǘƻǊΩǎ ŜƳƛǎǎƛƻƴǎ ŎƻƳŜ ŦǊƻƳ 

process emissions, due not to combustion but to a chemical process needed to prepare 

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

potential includes these process emissions as well as combustion-related CO2 emissions. This 

ŀǇǇǊƻŀŎƘ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ [ŜŜǎƻƴ Ŝǘ ŀƭΦΣ ǿƘƻ ƻōǎŜǊǾŜ ǘƘŀǘ άōƻǘƘ ǎƻǳǊŎŜǎ ŀǊŜ ŀƳŜƴŀōƭŜ ǘƻ /h2 

ŎŀǇǘǳǊŜέ ό2017, p. 75).35 A CO2 capture efficiency rate of 60 percent, which is the lower bound of 

                                                      
35 ¢ƘŜ ƳƻŘŜƭΩǎ ǎǘǊǳŎǘǳǊŜ ŘƻŜǎ ƴƻǘ ŎǳǊǊŜƴǘƭȅ ŀƭƭƻǿ ǘƘŜ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ ŀƴŘ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǇƻƭƛŎȅ ƭŜǾŜǊ ǘƻ ŀŦŦŜŎǘ ǇǊƻŎŜǎǎ ŜƳƛǎǎƛƻƴǎΦ 

To overcome this, CO2 emissions from petroleum refineries 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 calculations 
correctly account for the energy penalty associated with carbon capture and sequestration technology. Results presented in this 
report are processed to re-allocate these emission reductions to the cement subsector, but web application results will not 
automatically carry out this adjustment.  

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.sciencedirect.com/science/article/pii/S175058361730289X
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capture efficiency estimates among cement capture studies surveyed, is assumed for this policy 

(Leeson et al. 2017, p. 76, see Table 4).  

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

gaining community acceptance for projects and ǘƘŜ ǊŜǉǳƛǊŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ άThe absence of 

sufficient CO2 pipeline infrastructure in California is another impediment to [carbon capture] 

project development . . . there are an estimated 4,513 miles of dedicated CO2 pipelines in the 

United States, none oŦ ǿƘƛŎƘ ŀǊŜ ƛƴ /ŀƭƛŦƻǊƴƛŀΣέ ƴƻǘŜǎ the Energy Futures Initiative (2019, p. 51). 

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 REDUCTIONS BY POLICY 

Emission reductions induced by the recommended policies are depicted in two ways. Figure 9 

provides a broad view, showing emission reductions for each policy over timeτcalled policy 

wedgesτwith the vertical axis showing the full emissions range over time. 

Figure 9. Policy wedges ς effects on emissions by policy  

 
Source: California EPS 

The second perspective, shown in Figure 10, focuses on emission reductions in isolation from 

emission levels. Shrinking the axes makes it easier to see how individual policy effects change 

over time.  

https://www.sciencedirect.com/science/article/pii/S175058361730289X
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fcc0b190b60cd2/1559064542876/EFI_CA_Decarbonization_Full.pdf
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Figure 10. Policy wedges ς close-up perspective on emission reductions 

 
Source: California EPS 

The increasing impact of the electricity sector policy in later years is much more readily 

observable in Figure 10. Increased building electrification and greater use of electricity as a 

transportation fuel over time magnify emission reductions attributable to the electricity sector 

policy. In 2030, strengthening of the clean energy standard produces an impact estimated at 

80 percent of the impact due to carbon price strengthening. In comparison, in earlier years, 

strengthening the clean energy standard induces emission reductions that are less than half as 

large as those due to carbon price strengthening.36 This result illustrates how system interactions 

can play an important role in determining policy effects.  

                                                      
36 Policy-by-policy results 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 (or 

reduced to the level in the 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.  


































































