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E X E C U T I V E 
S U M M A R Y
The San Joaquin Valley plays a critical role in shaping Cali-
fornia’s climate policy and is worthy of study due to its 
function as a bellwether of the state’s transition to a low-
carbon economy. Reducing emissions is vitally important 
for the San Joaquin Valley. The Valley’s topography traps 
pollution, and air quality and the resulting health condi-
tions are far worse in the Valley than in other region of 
the state. The region also faces more socioeconomic chal-
lenges than the state as a whole. Thus the Valley is vul-
nerable to both climate change and to climate policy. If 
policymakers can make climate policy work for the Valley, 
it will work for the state and demonstrate that these poli-
cies and programs can work for vulnerable communities 
around the world.
In the California Legislature, some San Joaquin Valley 
(“Valley”) representatives have raised concerns about 
the impact the state’s climate policy and programs could 
have on jobs.1 But claims and counter-claims about the 
economic impact of climate policies have been wielded 
in an informational vacuum. To date, no comprehensive 
independent or academic study has sought to calculate 
and analyze current and future economic impacts of state 
climate policies within the San Joaquin Valley, comprised 
of the eight counties of Fresno, Madera, Merced, Kern, 
Kings, San Joaquin, Stanislaus, and Tulare. Together, these 
counties represent 11 percent of the state’s population.
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With this report, the UC berkeley Donald Vial 

Center on the Green economy (DVC) and the Cen-

ter for law, energy and the environment (Clee) at 

UC berkeley school of law, with support from next 

10, offer a quantitative assessment of the economic 

impacts of three of California’s major climate pro-

grams and policies in the Valley: cap and trade, the 

renewables portfolio standard, and investor-owned 

utility (IoU) energy efficiency programs. We also offer 

policy recommendations based on the findings. 

Results for each of the three programs and policies 

investigated are summarized in brief below. as the 

costs and benefits for each program were calculated 

differently, results cannot be equally compared across 

all programs. However, analysis from this report sug-

gests that total net economic benefits thus far for 

the three programs investigated is more than $13.4 

billion. In short, the findings indicate that despite the 

heightened fears of job loss, California’s major cli-

mate policies have been a net economic boon to the 

san Joaquin Valley. strengthening those policies, not 

backtracking on them, is likely to continue that suc-

cess and accentuate the positive effect in the region. 

after accounting for the costs and benefits, the net 

impacts are bulleted below:

Cap and Trade 

net economic impacts from the cap-and-trade pro-

gram through December 2016 include $200 million in 

total economic impact, including $4.7 million in state 

and local tax revenue. These programs have created 

1,612 total jobs in the Valley, including 709 direct jobs. 

When one includes expected benefits based on 

funds for projects approved but not yet spent (with 

funds to be disbursed on a yet-to-be-determined 

date), this figure balloons to nearly $1.5 billion when 

accounting for total impact on the economy. These 

projects will  create 10,500 total jobs, including 3,000 

direct jobs. 

RPS

The state’s Renewables Portfolio standard has had a 

substantial economic impact on the Valley and is a key 

source of job creation. Construction on RPs-related 

projects resulted in a total economic impact of $11.6 

billion in the Valley. between 2002-15, the RPs created 

88,000 total jobs, including 31,000 direct jobs.

Energy Efficiency  

energy efficiency projects in the Valley have had a 

net economic benefit of $1.18 billion. energy ef-

ficiency is also a significant job creator, particularly 

in the construction sector, and was responsible for 

creating a total of 17,400 jobs in the Valley between 

2006 – 2015, including 6,700 direct jobs. benefits 

from efficiency programs include lower electricity 

costs, consumer savings from reduced energy use, 

jobs created to implement energy upgrades and jobs 

flowing from the boost in local economies that results 

from lower utility bills.
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Economic Impacts 
This analysis presents costs and benefits to the Valley 

economy, including job gain and loss, of three pro-

grams: Cap and trade, the Renewables Portfolio stan-

dard and energy efficiency programs overseen by the 

California Public Utilities Commission (CPUC). The 

methods used to evaluate the economic impacts of 

three significant climate policies and programs varied 

due to the data and modeling tools readily available 

for an initial analysis. as a result, the impacts, and the 

employment impacts in particular, are reported by 

program rather than in aggregate. because of this, we 

have not summed these impacts and caution against 

doing so. However, the economic data and methods 

used can provide the foundation for more robust 

regional analyses of California’s climate programs in 

the future.

CAP AND TRADE
one of the key climate policies initiated under ab 

32 is the state’s cap-and-trade program, which is a 

market-based program to reduce greenhouse gas 

(GHG) emissions from designated entities. 

To determine the net economic impacts of cap 

and trade in the Valley, we first estimated the direct 

impacts – the costs of compliance and investments 

of revenue raised from auctioning the allowances, 

and then used IMPlan to model the macroeconomic 

effects. The negative direct impact is due to the 

aggregate regional compliance cost, comprised of 

on-site reductions plus cost of acquiring allowances 

or offsets, net of free allocations. The positive direct 

impact is based on spending and projected spending 

in the Valley of allowance auction proceeds. 

Table 1 shows the estimated compliance obligation 

for the san Joaquin Valley. Cost estimates are based 

on the estimated compliance obligation for the Val-

ley (emissions minus free allowances). full details on 

compliance cost methodology can be found in the 

Methodology section for cap and trade.  

The total estimated positive impact on economic 

activity from all expected and disbursed expected 

and disbursed Greenhouse Gas Reduction funds 

(GGRf) is $668 million, with a total impact on em-

ployment (including direct, indirect and induced jobs) 

of 6,190 jobs.

Table 2 summarizes the net economic impacts of 

cap and trade in the Valley. The results are unam-

biguously positive but remain a small fraction of the 

region’s increasingly dynamic, diverse economy. We 

estimate that benefits (net of costs) represent 0.04 

percent of total employment and regional domestic 

product of over $150 billion. also notable is that 
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TABLE 1  Summary of Emissions, Free Allowances, and Cost of Cap-and-trade Compliance
               (2013-15), San Joaquin Valley and Total

TABLE 2  Summary of Costs and Benefits of Cap-and-trade Implementation in the Period 2013-15
               in the San Joaquin Valley

Source: Authors’ analysis using ARB auction, emissions, and allowance allocation data

Source: Authors’ IMPLAN analysis. Results reported in 2016 dollars.

*Value estimated

* Excludes property tax revenue 

**Expected includes both the already disbursed

Capped 
Emissions* 
MMT CO2e

Allocation of 
Free Allowances 
MMT CO2e

Estimated Compliance 
Obligation MMT CO2e

Estimated 
Compliance 
Cost (Dollars)

Total 632.5 504.0 128.5 $4,990 million

San Joaquin Valley 130.7 42.7* 90.9 $628 million

Category Direct Effects 
($ and jobs)

Total Impact on 
Economic Activity

Total Impact on 
Employment

Impact on State 
& Local Tax 
Revenue*

Cost of Compliance 
(2013-15)  

($200 million)
(151 jobs)

($265 million) (428 jobs) ($9.6 million)

Implemented GGRF 
Revenue (2013-15)

$319 million 
860 jobs

$467 million 2040 jobs $14.3 million

Expected GGRF 
Revenue 
(2013-15)**

$1203 million 
3190–3800 jobs

$1750 million 7840 jobs $54.9 million

Net Impact (to-date) $119 million
709 jobs

$202 million 1612 jobs $4.7 million

Expected Net 
Impact**

$1003 million
3039- 3649 jobs

$1485 million 7412 jobs $45.3 million
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even though only a small fraction of GGRf funds 

have been disbursed at time of writing, the net 

impact on jobs, total economic activity, and state 

and local tax revenue was positive (1612 jobs, $202 

million, and $4.7 million, respectively). Generally, 

the industries receiving GGRf funds are more labor-

intensive than the industries needing to comply with 

the emissions cap. furthermore, despite the modeled 

negative impact indicating the contraction of 428 

jobs in emission intensive industries due to cap-and-

trade compliance, there has been no evidence of ac-

tual job loss in the region. In fact, total employment, 

personal income, and household incomes rose over 

the first three years of cap-and-trade implementation.

The program has had a positive stimulus effect 

due to the investment in the region of revenues from 

the auction allowances, which are collected into the 

Greenhouse Gas Reduction fund (GGRf). In the san 

Joaquin Valley, GGRf revenues are now being spent 

on the planning and construction of the initial por-

tion of the state’s high-speed rail system, as well as 

a variety of other programs that reduce GHG emis-

sions. because a portion of the GGRf is required to 

benefit or be spent in disadvantaged communities, as 

defined by sb 535, and many of these communities 

are located in the san Joaquin Valley, the region is 

poised to receive a higher share of expenditures than 

its share of the state’s capped emissions. 

should California decide to extend the cap-and-

trade program beyond 2020, as the California air 

Resources board has proposed, and assuming that 

the state will legally be able to continue auctioning 

allowances, a number of factors will determine the fu-

ture costs and benefits of the program to the Valley. 

Compliance costs will be less expensive if covered 

entities can reduce emissions more cheaply than the 

cost of procuring allowances. The benefits to the 

Valley will be determined by the number and price of 

allowances sold in the state auction, the percentage 

of GGRf funds spent in the Valley, allocation to utility 

customers, and the activities funded by the GGRf. 

other more difficult to quantify benefits include 

improved public health and lower health care costs 

as well as the expansion of low carbon substitutes for 

carbon intensive industries.  

RENEWABLES PORTFOLIO 
STANDARD 
another key climate policy shaping California’s transi-

tion to a low-carbon economy is the Renewables 

Portfolio standard (RPs). Initiated in 2002 and later 

strengthened twice, it requires all retail electricity 

sellers to procure 33 percent of their electricity from 

eligible renewable energy resources by 2020 and 50 

percent by 2030. 

as of December 2015, the Valley was the site of al-

most 31 percent of the RPs-qualifying energy capac-

ity statewide, showing a concentration much greater 

than its share of the state’s electricity consumption 

(15 percent).  In total, by the end of 2015, 4547 

Megawatts (MW) of renewable energy generation was 

constructed in the Valley (see figure 1).

Using the Jobs and economic Development Impact 

(JeDI) models developed by the national Renewable 

energy laboratory (nRel), we estimate that construc-

tion of those projects from 2002-15 created about 

88,000 direct and indirect jobs,2 of which 80,000 

were created since 2012. Within this figure, 31,000 

of these were “direct jobs” including jobs associated 

with on-site development. This construction resulted 

in $11.6 billion in total economic output in the Valley.

Jobs in the construction of utility-scale renewable 

power plants throughout California have generally 

been local, career-track jobs because almost all proj-

ects have been built under project labor agreements 

(Plas). Plas ensure that workers are paid a living wage 

and benefits and require that many of the workers 

are trained through the state-certified apprenticeship 

system, which provides broad occupational training 
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and a path into a middle class skilled trade career. as 

it is designed, California’s RPS has yielded significant 

beneficial economic impacts to the San Joaquin Valley 

and other economically depressed regions of the state. 

The future economic impacts of California’s renew-

able energy policies in the Valley will be determined, 

in part, by the amount of renewables built in the 

region to meet statewide demand. This amount is, in 

turn, influenced by resource cost, generation profile, 

and the state’s decisions on how much to expand 

its grid market outside of California. Grid expansion 

could allow for more out-of-state renewables to meet 

in-state demand.

as California policymakers consider the modifica-

tion of state rules to allow for the buying and selling 

electricity more freely across state lines in the West-

ern region, it is important to consider the potential 

costs and benefits for California and the san Joa-

quin Valley. a recent California Independent system 

operator (CaIso) study indicated that the results of 

a multi-state grid could be largely positive for the 

san Joaquin Valley as long as the current renewable 

procurement rules (i.e. category system) stay intact.3

overall, given the region’s prime location for solar 

exposure (‘insolation’) and wind resources (particularly 

in eastern Kern County), the low transmission costs 

from the region, the state’s ambitious renewable goals 

and the likely increasing need for electricity for the 

transportation sector, the Valley is likely better posi-

tioned than any other part of the state to benefit eco-

nomically from renewable deployment through 2030. 

The RPS-related jobs and economic benefits to-date 

are likely to continue to increase as the state deploys 

more renewable energy through 2030.

FIGURE 1  Renewable construction in the 8-county San Joaquin Valley region, 2002-15
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TABLE 3  Economic Impacts of the Renewables Portfolio Standard on the San Joaquin Valley,  
               2002-2015

Source: Authors’ analysis using JEDI with power plant data from the California Energy Commission

Renewable 
technology

Capacity in 
Megawatts (MW)

Direct jobs 
(construction phase)

Total economic output 
(construction phase)

Total jobs 
(construction phase)

Solar 1926 28,880 $9,708 million 76,330*

Wind 2471 1,600 $1,726 million 10,400*

Other 151 600 $166 million 1110*

TOTAL 4547 31,000 $11,600 million 87,800*

ENERGY EFFICIENCY (EE)
Energy efficiency (EE) is the highest priority energy resource in the state’s energy 
planning system and is key to minimizing the costs of transitioning to a cleaner 
energy system. The Valley has one of the hottest climates in the state, and per 
household energy use is slightly higher than the state average (Figure 2). As a 
result, energy efficiency has special significance for this region. Ratepayer-funded 
programs, administered by the investor-owned utilities, are the largest consoli-
dated source of funding for incentives and assistance for energy efficiency invest-
ments in California and represent the basis for the analysis in this report.4 These 
programs help residential, commercial, and industrial and agricultural customers by 
reducing the cost of energy-efficient technologies and related energy services.

Based on county-specific CPUC data from 2010-15 program years, Valley custom-
ers received a total of $257 million in rebates and other incentives including direct 
install services. Additional calculated spending associated with administering, mar-
keting, and implementation, combined with customer investments, brought the total 
investment in energy efficiency in the Valley (through IOU programs) to $846 million.

Energy efficiency investments have a high positive rate of return. Customers save 
money year after year, and energy efficiency helps keep rates low for everyone 
by reducing the need for costly new energy generation infrastructure. The CPUC 
evaluates the cost-effectiveness of the IOU energy efficiency programs in order 
to ensure they return more benefits to ratepayers than they cost. Since 2010, the 
Valley has had the highest cost effectiveness in the state, with benefits from EE 
projects totaling $1.183 billion. After subtracting total ratepayer and consumer 
costs, these programs provide a net benefit of $248 million.
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In addition to the benefits of avoided future costs, 

energy efficiency investments in the Valley create work 

in the construction sector. This impact is important 

because construction jobs have higher economic 

and employment multipliers than retail and service 

jobs: a job created in construction will stimulate more 

economic activity in the region. based on publicly 

available data at California’s energy agencies, a wide 

review of literature on energy efficiency job impacts, 

and research from the lawrence berkeley national 

laboratory, we estimate that between 2006-15, IoU 

energy efficiency programs created 6,700 direct job 

and 10,700 indirect and induced jobs, for a total of 

17,400 jobs.

While California’s IoU energy efficiency programs 

represent only a fraction of the state’s commitment to 

efficiency, they account for the largest consolidated 

source of funding for energy efficiency in the state. 

If the amount of expenditures were to stay constant 

or increase with a corresponding increase in energy 

efficiency investment in the Valley, the Valley and the 

state would see even greater benefits. 

FIGURE 2  Per Household energy consumption in the
                  San Joaquin Valley compared to California, 2006-2015
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The benefits include lower electricity costs due to the 

avoidance of additional energy generating infrastruc-

ture, consumer savings from reduced energy use, the 

number and quality of jobs created to implement energy 

upgrades, and the jobs created in the local economy 

due to increased discretionary spending as a result of 

lower utility bills. 

If the rate of annual energy savings from efficiency 

projects in the Valley were to remain constant through 

2030, we project that Valley efficiency investments would 

likely create continued job and economic benefits. 

Doubling the rate of energy efficiency savings by 2030, 

as sb 350 (de leon, 2015) requires, would increase these 

benefits for the Valley, particularly if more funding for 

efficiency is directed to the Valley. Based on past cost 

effectiveness of energy efficiency programs in the Valley, 

the region presents considerable opportunities for high 

impact ee investments.
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TABLE 4  Estimated Costs and Benefits of IOU Energy Efficiency Programs,
               San Joaquin Valley, 2010-15

* Source: Calfornia Energy Commission, California Energy 

Consumption Database (by IOU by County, 2008 - 2015). 

MMTherms have been converted to GWh using conversion 

ratio 29.3001 GWh: 1MMTherm 

** Estimated based on region’s share of IOU energy 

(combined electricity and gas) consumption 

*** Total incentive paid including rebates, direct install 

labor costs, direct install materials, and incentives to others.

Region Sum of TOTAL 
IOU energy 
consumption 
(GWh)*

Share of  
IOU Energy 
Consumption 
(combined gas 
and electric)

Estimated 
Funding 
Collected 
from 
Ratepayers 
($ million)*

Total 
Customer 
Costs*^ 
($million)

Total Costs 
(Ratepayer 
+ Customer) 
($million)

Share 
of Total 
Costs

SAN JOAQUIN 
VALLEY

 430,416 14.3%  $646  $288  $934 13.5%

TOTAL 
STATEWIDE

 1,177 100.0%  $4,516  $2,486  $6,936

Region Sum of Total 
Incentives** 
($million

Share 
of IOU 
Incentives

Total IOU 
Expenditures 
(Incentives 
+ Program 
Costs) 
($million)

Total 
Customer 
Investment 
($million)

Total IOU + 
Customer 
Investment 
($million)

Share of 
Total 
Investment

SAN JOAQUIN 
VALLEY

 $257 12.0%   $558   $288   $846 13.0%

(NO 
GEOGRAPHIC 
DATA)

 $67  3.1% 432  $66  $498 7.7%

TOTAL 
STATEWIDE

 $2,149  $2,367  $4,516  $2,420  $6,504 

****  Program-level costs are allocated based on the 

avoided costs (i.e. the ElecBen + GasBen). This includes 

Market&Outreach, Implementation, Administrative, 

Overhead, and  EM&V.

* * * * *  Total ratepayer funds incurred to run the program. 

Total expenditure = Weighted Program Costs + Incentives. 

This is different from (higher than) the reported Program 

Administrator Cost (PAC).
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Policy Recommendations

TABLE 5  Energy Savings and Gross Employment Gains of the IOU Energy Efficiency Programs on 
               the San Joaquin Valley, 2006-2015

Sector Net GWh Direct jobs Indirect + induced jobs Total jobs

Residential 207 940 810 1,750

Commercial 750 2,890 4,420 7,310

Industrial/Ag 734 2,830 5,500 8,330

TOTAL 1,691 6,650 10,740 17,390

*may not sum exactly due to rounding

Climate program design and implementation has had 

positive impacts overall in the san Joaquin Valley, but 

there is also room for improvement. To maintain and 

improve the positive impacts, state leaders should 

consider the following priority law and policy changes 

to ensure the state’s climate programs continue to 

benefit the Valley: 

•	Remove uncertainty for the cap-and-trade pro-

gram, particularly the allowance auction mecha-

nism, beyond 2020.  The program is having net 

positive economic effects on the Valley, despite a 

thread in the public discourse to the contrary.  

•	Disburse auction proceeds in a timely and predict-

able manner and ensure that the Valley receives an 

appropriate level of statewide spending based on 

its economic and environmental needs.

•	Ensure that cap-and-trade auction proceeds are 

spent on Valley programs that create jobs, further 

greenhouse	gas	reduction	benefits,	and	reduce	co-

pollutants, particularly in disadvantaged communi-

ties, per SB 535 (de Leon) and AB 1550 (Gomez) 

governing auction revenue spending.  

•	Improve	the	economic	and	job	benefits	of	renew-

able	energy	and	energy	efficiency	projects	through	

labor agreements that promote local and career-

track jobs.

•	Expand	energy	efficiency	incentives	for	the	Val-

ley where per capita energy use is higher than the 

state average, cost effectiveness is the highest in 

the state, and unemployment is far above the state 

average. This will help ensure greater cost-effec-

tiveness of the portfolio as a whole, improve the 

building and housing stock in the Valley, reduce 

energy costs for residents, businesses, and indus-

try, create jobs, and increase economic activity in 

the region. GGRF funding should be used, in addi-

tion to ratepayer funds.

•	Develop robust transition programs for work-

ers and communities affected by the decline of 

the Valley’s greenhouse gas-emitting industries, 

including re-training and job placement programs, 

income supports, bridges to retirement, and re-

gional	economic	development	and	diversification	

initiatives.
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California has other critical climate programs in addi-

tion to the ones studied here, such as the low carbon 

fuel standard, zero-emissions vehicle incentives, 

net-metering, and the draft plan to reduce short-lived 

climate pollutants plan. future studies should analyze 

the combined impacts of these programs in addition 

to the ones studied here. Ultimately, given the signifi-

cant economic needs and environmental challenges 

in the san Joaquin Valley, policy leaders who wish to 

continue the positive momentum in the Valley should 

stay the course on existing policies and strengthen 

them as needed. 
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I N T R O D U C T I O N
For more than a decade, California has embarked on an 
ambitious effort to reduce greenhouse gas emissions. 
The state seeks to reduce emissions to 1990 levels by 
2020, per California’s Global Warming Solutions Act of 
2006, (AB 32, Nuñez, 2006).5  SB 32 (Pavley, 2016) sets fur-
ther targets of 40 percent reductions below 1990 levels 
by 2030. Executive orders issued by Governor Schwar-
zenegger in 2005 (Executive Order  S-3-05) and Gover-
nor Brown in 2015 (Executive Order B-30-15) both set the 
state’s long-term goal of an 80 percent reduction below 
1990 levels by 2050.6 Meanwhile, SB 350 (de Leon, 2015), 
set 2030 targets for increasing renewable energy to 50 
percent, accelerating widespread transportation electrifi-
cation, and doubling the energy savings from efficiency.7

While the negative and costly effects of a changing cli-
mate and the pollution causing it are significant, there 
is also concern around how policies to reduce emissions 
and prepare for climate change might affect the state’s 
residents and businesses. The San Joaquin Valley faces 
not only extreme challenges of climate change, but also 
economic challenges that could be somewhat exacerbat-
ed or partially offset by climate policy.
Reducing emissions is vitally important for the San Joa-
quin Valley. The Valley’s topography traps pollution, and 
air quality and the resulting health conditions are far 
worse in the Valley than in other regions of the state. 
Between 2008 and 2014, the Valley had 892 days exceed-
ing the state ozone standard compared to 75 for the Bay 
Area.8 More residents of the Valley are diagnosed with 
asthma and other pollution-related health conditions. 
Heat waves associated with climate change can make 
these conditions even worse.
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  also, as temperatures get hotter throughout Cali-

fornia (see figure 3 which depicts the historic and fu-

ture temperatures in the state by cooling degree days, 

which are the number of days when the average tem-

perature exceeds 65 degrees fahrenheit and people 

start to use air conditioning) demand for air condition-

ing will increase. The per household energy use for the 

Valley is already higher than for the state and the gap 

is widening even as overall energy use decreases (see 

figure 4). Hotter temperatures could exacerbate this 

challenge as demand for air conditioning increases.

Due to these regional characteristics, acting on cli-

mate change to stall or mitigate its worst effects is of 

critical importance to the san Joaquin Valley region. 

at the same time, climate policy design needs to 

consider the region’s socio-economic vulnerabilities.

While the California statewide economy has been 

thriving, per capita income in the Valley is just over 

$20,000 compared to a state average of almost 

$30,000. Twenty-four percent of the population is 

living below the federal poverty line ($24,300 for a 

family of four), compared to 16 percent of Califor-

nia’s entire population.9 The unemployment rate is 

consistently a few percentage points higher than the 

state average (figure 5). In addition, the region is a 

bellwether of the state’s demographic trends: over 51 

percent of Valley residents are latino, compared with 

38 percent for the state as a whole.10

The Valley’s population is growing, but permits 

for new housing are not keeping pace, and average 

household size in the Valley is 15 percent higher than 

the state average.11 Population increases can drive up 

HISTORICAL (1981-2010) FUTURE (2080-2099)

10,5003,5000 7,000

FIGURE 3  Cooling Degree Days

Source: Petri and Caldeira, 2014
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FIGURE 4  Per Household Electricity and Gas Consumption, 
                  San Joaquin Valley and California, 2006-15

FIGURE 5  Unemployment in San Joaquin Valley Counties and California Average, 2000-2015
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housing costs, a potential threat posed by the state’s 

high speed rail project, which could make the san 

Joaquin Valley more attractive for people with jobs in 

the bay area. 

Households in the Valley also experience greater 

challenges with other variables of housing afford-

ability. forty-eight percent of households in the san 

Joaquin Valley experience a home energy afford-

ability gap,12 compared to 36 percent of statewide 

households. furthermore, that gap—the difference 

between what households pay and what would be 

considered affordable (6 percent of monthly house-

hold income)—is also larger for the Valley than for 

the rest of the state.13 efforts such as climate zone-

based rate schedules used by the utilities allow for 

higher usage at baseline rates in the hotter regions, 

helping to keep energy spending contained. In addi-

tion, rate assistance provided through California al-

ternate Rates for energy (CaRe) and family electric 

Rate assistance (feRa) subsidize energy costs for 

low-income households. efforts like the California 

Climate Credit rebate from cap-and-trade revenue, 

and energy efficiency programs can also help reduce 

energy expenditures, but even with these efforts, the 

energy affordability gap in the Valley persists. 

finally, the region has far lower rates of both high 

school and college education than the state average. 

In 2015, only 16 percent of Valley residents over the 

age of 25 had a bachelor’s degree compared to 31 

percent for the state as a whole.14 educational attain-

ment influences lifetime earnings, and we see lower 

household income than the state average – the Valley 

average is $46,920 compared to a statewide average 

of $61,489.15

While there have been other studies modeling the 

regional economic and health consequences of a 

changing climate,16 the following analysis explores 

how the state’s primary policies and programs to 

slow climate change are affecting the economy of a 

particularly vulnerable region. If policymakers can get 

climate policy right for the san Joaquin Valley, they 

will almost inevitably get it right for the whole state 

and model policies and programs that can work for 

vulnerable communities around the world.
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A Note on the Agricultural Sector
The san Joaquin Valley is one of the most productive 

agricultural regions in the world. Climate change, 

and corresponding water shortages, have dire conse-

quences for the region’s economy. already, the depth 

to water in the Valley is over 150 feet compared with 

a state average of 85 feet, and climate projections 

show a clear trend toward decreasing precipi-

tation throughout the 21st century, by as much 

as 10% in some parts of the Valley.17 agricul-

tural activities, representing 8 percent of the 

state’s total emissions,18 also contribute to cli-

mate change. agriculture is an important part 

of the Valley’s economy, and a sector central to 

discussions about climate change. 

This report, however, does not cover the 

agricultural sector, because there have not yet 

been major, mandatory limits on agricultural 

emissions.19 In the future, agriculture will be 

regulated by the state’s emerging strategy for 

short-lived climate pollutants, such as meth-

ane, pursuant to sb 605 requiring the strategy 

and sb 1383, which requires reducing livestock 

methane emissions by 40% by 2030. further, 

ab 1613 commits $50 million in cap-and-trade 

funds to support methane reductions at dairies 

during the 2016/2017 fiscal year.20 The novem-

ber 2016 release of aRb’s Revised Proposed 

short-lived Pollutant Reduction strategy 

provides economic and jobs analysis for this 

strategy, reporting that, “if digesters were built 

on farms accounting for about 1 million dairy 

cows, many in the san Joaquin Valley, it could 

result in over 30,000 construction jobs and 

2,500 permanent jobs.”

FIGURE 6   Location of Manure from Milking Cows
                   in California

Source: ARB Revised Proposed Short-Lived Climate Pollutant 
Reduction Strategy (November 2016)
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CAP AND TRADE
The cap-and-trade program is a key element of AB 32 and 
is intended to work in concert with numerous complemen-
tary measures and programs. Pursuant to authority granted 
by AB 32 (Nuñez, 2006), which set the 2020 greenhouse 
gas emissions targets, the California Air Resources Board 
(CARB) adopted the first set of cap-and-trade regulations in 
October 2011, with an effective date of January 1, 2012.21 
The cap-and-trade program is explicitly authorized by law 
through 2020, but ongoing litigation creates uncertainty 
about the state’s legal authority for extending the auction 
beyond 2020.  
The program works by setting a hard “cap” or limit on 
emissions from covered entities, which declines over 
time. The CARB-established cap covers approximately 85 
percent of total statewide GHG emissions.  Major emit-
ting sectors regulated under the cap-and-trade program 
include natural gas and electric utilities, transportation 
fuel suppliers, and large industrial facilities. While some 
food product manufacturing is under the cap, the state’s 
agriculture sector is largely exempt.
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CaRb issues a limited number of tradable permits, 

or allowances, equal to the permissible emissions 

(the cap) over a given compliance period.  each 

allowance equals one metric ton of carbon dioxide 

equivalent (using the 100-year global warming poten-

tial).22  as the cap declines over time, fewer allowanc-

es are issued, with the goal of ensuring that emission 

reductions occur.23

The cap is enforced by requiring that each source 

operating under the cap turn in one allowance or off-

set credit for every ton of carbon dioxide-equivalent 

emissions it produces. To comply with the program, 

covered entities can reduce on-site emissions and/

or buy allowances or offsets;24 they may also trade 

allowances on a secondary market.25  a portion of the 

issued allowances is distributed for free, a portion 

is placed in a cost-containment reserve, and the re-

mainder is auctioned as are the allowances allocated 

to the investor-owned utilities (IoUs). 

The California air Resources board conducts quar-

terly auctions, and the state receives its share of the 

proceeds. The IoUs must use the bulk of their pro-

ceeds to offset energy bill impacts for customers, and 

publicly-owned (municipal) utilities retain that option 

as well.26 state proceeds from cap-and-trade auctions 

are deposited into the Greenhouse Gas Reduction 

fund (GGRf) and then appropriated via legislative 

actions. 

statutes require that the state portion of the pro-

ceeds from the auction be used to further reduce 

GHG emissions, benefit disadvantaged communities, 

and, to the extent feasible, further the goals of ab 32 

and the legislature.27 

expenditures must also comply with the require-

ments of sb 862, the 2014 trailer bill that provides 

continuous appropriations of GGRf monies for high 

speed rail, affordable housing and sustainable com-

munities, transit capital and transit operations begin-

ning in fy 2014-15.28 

as of february 2016 (the date range of this analy-

sis), the auctions have generated more than $4 billion 

in auction proceeds for the GGRf.29  During that time, 

the agencies developed and began implementing a 

suite of programs and activities around sustainable 

communities and clean transportation, clean energy 

and energy efficiency, and natural resources and 

waste diversion.30

BEYOND 2020
The future of the cap-and-trade program beyond 

2020, particularly the state’s ability to raise revenue 

from auctioning allowances, is tied to a number of 

intertwined legal and political issues. The first issue 

is raised by an appeal of a trial court decision filed 

by the California Chamber of Commerce in 2014,31 

which alleges the auctions are invalid under Proposi-

tion 13 because the revenue raised is a tax and the 

cap-and-trade program was not adopted by a two-

thirds vote of the legislature as required by Proposi-

tion 13.32 Proposition 13 passed in 1978 and amend-

ed the state constitution to require a two-thirds 

supermajority vote to raise taxes.  legal experts 

disagree on whether revenue raised from auctioning 

allowances constitutes a tax within the meaning of 

Proposition 13.33

The next issue is whether authority under ab 32 for 

the cap-and-trade program expires in 2020. legal ex-

perts also disagree on this question.34 If it does expire, 

and assuming a new statute must be adopted in order 

to extend the program with a revenue-raising auction 

mechanism beyond 2020 (notably, cap and trade can 

still function without generating state revenue), the 

third issue is whether that statute requires a two-thirds 

vote of the legislature because the auction proceeds 

would be “taxes” under the broad definition provided 
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in Proposition 26, rather than “fees.”35 Proposition 26 

amended the state Constitution in 2010 to include a 

more stringent definition of “tax” (compared to courts’ 

interpretations of Proposition 13) that would encom-

pass revenues previously classified as “fees” exempt 

from the Proposition 13 requirements. Proposition 26 

provides five exceptions to the definition of a tax, but a 

court would almost certainly have to decide if the cap-

and-trade program fits any of these exceptions. 36  

The litigation would be moot with a two-thirds vote 

of the legislature in order to inoculate the auction 

from Proposition 26 challenges.37 legislative op-

tions that might not require a two-thirds vote include 

authorizing an allowance auction where the proceeds 

are collected and maintained by non-governmental 

entities, such as non-profit organizations, in order to 

squarely fit a Proposition 26 exception.38 The legis-

lature could also enact a carbon “fine” or “penalty.” 

Proposition 26 includes a clear exception to the 

supermajority requirements for any “fine, penalty, or 

other monetary charge imposed by the…state, as a 

result of a violation of law.” The fine or penalty could 

be applied at a value predetermined by a method 

such as economic modeling or the use of the Us ePa 

social cost of carbon.39

Meanwhile, the California air Resources board is 

proceeding on a regulatory basis to extend the cap-

and-trade program with the auction through 2030, 

based on existing ab 32 authority and the governor’s 

2030 executive order.40 

Recently, the state legislature both bolstered and 

complicated the agency’s continuation of the pro-

gram by passing new legislation regarding the 2030 

greenhouse gas targets and requirements to priori-

tize rules and regulatory actions aimed at emissions 

reductions. The legislature passed and the gover-

nor signed sb 32 (Pavley, 2016) to codify the 2030 

targets.  This legislation bolsters the air Resources 

board’s reliance on 2030 targets in its proposed cap-

and-trade regulations to extend the program beyond 

2020. yet sb 32 is unlikely to fully protect the auction 

mechanism in the cap-and-trade program from legal 

challenge because it did not pass with a super-major-

ity vote, which would insulate the auction from legal 

challenge under Proposition 26, as discussed above.  

finally, the passage of sb 32 was contingent upon 

the enactment of an additional bill, ab 197 (Garcia, 

2016), which the legislature passed and the governor 

signed. ab 197 requires the agency to prioritize emis-

sion reduction rules and regulations that “result in 

direct emission reductions at large stationary sources 

of greenhouse gas emissions sources and direct emis-

sion reductions from mobile sources.”41 These “com-

mand-and-control” type regulations could therefore 

replace market-based alternatives like cap-and-trade, 

depending on how the California air Resources board 

evaluates regulatory options going forward. The 

legislature may address the uncertainty through future 

legislation, and the governor recently explored op-

tions for a potential ballot initiative in 2018.
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Economic Impacts of Cap and 
Trade on the San Joaquin Valley
The cap-and-trade program has both positive 

and negative impacts on the economy of the 

san Joaquin Valley. The introduction of a car-

bon price creates advantages for low-carbon 

businesses, such as biofuel producers that 

have located in the Valley, whose growth will 

be assisted by carbon pricing.  on the other 

hand, the carbon cap increases costs for some 

emission-intensive industries in the Valley, pri-

marily the oil and gas extraction industry and 

fuel suppliers (see figure 7, for the stationary 

sources of GHG emissions in the Valley. The 

map does not show emissions from fuel suppli-

ers or electricity importers).  

some of these entities take steps to reduce 

greenhouse gas emissions through invest-

ments in renewable energy and energy ef-

ficiency, which often yield cost savings as well 

as emission reductions. other entities decide 

to purchase the allowances necessary to cover 

their cap-and-trade obligation. The costs of 

these investments and purchases will either be 

passed on to consumers or absorbed by the 

affected businesses. If the costs are passed on, 

economic logic indicates that demand for and 

sales of the affected products will decrease. 

This decrease in product sales will cause a 

negative impact on economic activity and 

employment in the region, but the amplitude 

of this impact depends on price elasticity (how 

sensitive consumers are to price changes) and 

corresponding changes in non-local demand 

for goods and services produced in the Val-

ley. In this paper, because we are measuring 

flows of money into and out of the region, only 

reductions in non-local demand (demand from 

consumers outside the Valley) will reduce the 

flow of money into the region.

FIGURE 7   Stationary Sources of GHG Emissions* 
                   covered by Cap-and-Trade program in the  
                   San Joaquin Valley (2013-14)42

*excludes electricity importers and fuel suppliers
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some of the costs of compliance will recirculate 

within the region as entities invest in on-site reduc-

tions (which creates local work), trade allowances 

with one another or purchase Valley-based offsets.43 

other costs flow out of the region as they are col-

lected by the state through the quarterly allowance 

auctions. The proceeds from these auctions are then 

distributed to projects throughout the state, includ-

ing the Valley, that further reduce greenhouse gas 

emissions. The Valley sees money flowing back into 

the region as these proceeds are invested in projects 

ranging from the construction of the initial portion 

of the state’s high-speed rail system, incentives for 

clean vehicle purchases, methane digesters, weath-

erization improvements, solar panel installations, 

affordable housing, and other spending programs. 

While the costs of compliance may reduce some eco-

nomic activity, this flow of money into the Valley has 

a stimulating effect on economic activity and employ-

ment.

These contrasting positive and negative impacts 

alter economic activity in ways that ripple throughout 

the regional economy, affecting businesses that are 

not major direct emitters of greenhouse gases.44 We 

modeled cap and trade’s direct and ripple effects on 

economic activity, employment, and state and local 

tax revenue in the Valley. overall, we found net im-

pacts of the cap-and-trade program are positive, but 

those benefits are also a comparatively small portion 

of the region’s increasingly dynamic, diverse econ-

omy, each representing about 0.4 percent of total 

employment and regional gross domestic product.

METHODOLOGY
To conduct the economic impact analysis, we used 

the IMPlan software45 with 2014 data for the eight-

county san Joaquin Valley region. IMPlan contains 

an input-output model that measures the inter-in-

dustry relationships within an economy. Input-output 

analysis is a means of measuring the market transac-

tions between businesses and between businesses 

and consumers. In this way, input-output analysis can 

measure the regional economic impacts of both the 

costs of complying with cap and trade as well as the 

benefits from the investment of auction proceeds. 

It measures the ripple effects of an initial impact to 

each specific industry that is affected positively or 

negatively. as money flows into or out of an industry, 

it stimulates further changes in transactions between 

other businesses and households. These ripple ef-

fects are known as multipliers. 

The overall multipliers are based on direct, indirect, 

and induced effects. The direct effect is the initial 

impact: a spending or employment change in directly 

affected industries. In this particular analysis, the 

direct impacts are both the direct costs of complying 

with cap and trade as well as the investment of cap-

and-trade auction proceeds. 

Indirect effects are the supply chain effects of the 

activities undertaken by the directly affected indus-

tries. Indirect effects measure the jobs and economic 

activities of industries that supply goods and services 

directly to the affected industries. The indirect effects 

capture increases and decreases in demand for sup-

plies, like construction materials, caused by the initial 

impact. 

Induced effects are the outer ripples resulting from 

changes in the income and spending of employees 

and proprietors of industries directly affected by the 

policy. These changes in spending re-circulate in the 
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economy affecting industries that are not directly 

involved in the cap-and-trade program (such as retail, 

services, and restaurants, etc.).  These effects are 

measured over the time period needed for all of the 

ripples to work through the regional economy.   

There are several advantages with the use of 

IMPlan in this application. first, IMPlan allows for 

separate measurements of the negative impact as-

sociated with cap-and-trade compliance as well as 

the positive impact due to the allocation of auction 

proceeds. finally, the software uses data specific to 

the 8-county san Joaquin Valley region. 

The impacts of cap and trade are modeled by 

measuring the effects of compliance costs and likely 

investment of auction proceeds collected from 2013-

15 in the Valley economy. Results are reported in 

2016 dollars.  The Ca Department of finance has 

used a similar methodology (although they use ReMI 

rather than IMPlan) to forecast the impact of cap 

and trade on the state as a whole. This report as-

sesses the regional impact on the Valley and looks 

at impacts to date.  This requires information about 

the likely distribution of both compliance costs and 

GGRf expenditures in the Valley, which we collected 

from publicly available records from the California air 

Resources board.46 

While the IMPlan analysis in this paper looks 

backward at the impacts to date, the spending and 

employment multipliers can be used for forecasting 

purposes. an important caveat, however, is that no 

methodology can adequately incorporate unrelated 

contemporaneous developments. for example, from 

2013-15, the cap-and-trade program increased costs 

for fuel suppliers; however, during the same period, 

the price of crude oil fell dramatically, providing a 

major boost to consumer incomes via a drop in retail 

gasoline prices and allowing some gasoline compa-

nies to earn record profits.47

EMISSIONS, ALLOWANCES, 
AND COMPLIANCE 
OBLIGATION BY INDUSTRY
We calculated the program’s total capped emis-

sions and free allowance allocations for the period 

2013-15, using emissions reports and public data on 

allowance allocations (Table 6). emissions covered 

by the California cap totaled 633 million metric tons 

Co2e (carbon dioxide equivalent) in the period 2013-

15.48  about 88 percent of these emissions were from 

entities located in California. The other 12 percent 

was from entities outside the state providing fuel and 

electricity for use in California, thus having to comply 

with the cap-and-trade program. fuel suppliers ac-

counted for an additional 400 MMT Co2e (not shown 

in Table 6) before they were required to comply with 

the cap starting in 2015. some industry sectors fared 

well during this period with free allowances either 

covering or exceeding that sector’s emissions. The 

electricity industry in particular, received considerably 

more allowances (55 million) than its emissions in this 

period.  

The state allocated about 500 million free allow-

ances to industrial entities and utilities in the state for 

several reasons. electricity and gas utilities suppliers 

are given allowances so that end users will not experi-

ence sudden bill impacts as a result of cap and trade. 

Industrial entities are given allowances to prevent 

leakage (moving activities out of state) and for transi-

tion assistance. These 500 million free allowances 

covered about 80 percent of the total compliance 

obligation for the cap-and-trade program and about 

90 percent of the compliance obligation of California-

based entities. after accounting for free allowances, 

capped entities would have needed to acquire an 

additional 129 million allowances, and more than half 

of these allowances were needed by entities based 

outside the state of California.
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TABLE 6  Reported Total Capped GHG Emissions and Allowances from Cap-and trade Regulated 
               Entities, 2013-15 (in metric tons CO2e)

*During the first compliance period covered entities were those (other than 
transportation fuels) whose annual emissions equaled or exceeded 25,000 metric tons 
CO2e in any year from 2008-2011. The second compliance period, beginning January 
1, 2015 covers all entities whose annual emissions equaled or exceeded 25,000 metric 
tons CO2e in any year from 2011-14. The compliance obligation remains in place until 
GHG emissions fall to less than 25,000 metric tons of CO2e per year during one full 
compliance period, or if the entity shuts down.

Industry Sector Capped Emissions Free Allowance 
Allocation

Remaining Compliance 
Obligation

Cement and Industrial 46,743,981 45,418,147 1,325,834

Electricity 235,062,001 290,429,216 (55,367,215)

Oil and Gas Production 47,182,098 29,257,431 17,924,667

Refinery 102,450,130 93,519,000 8,931,130

Fuel Supplier* 201,133,394 45,357,000 155,776,395

TOTAL 633,855,070 503,980,794 128,789,137 (net)

Source: Authors’ analysis 
using MRR Report data49 and 
allowance data50 from the Air 
Resources Board

While capped entities statewide only would have 
needed to acquire about 129 million allowances for 
compliance in 2013-15, far more (428 million) 2013-15 
vintage allowances were purchased through the CARB 
auction.51 In addition, almost 21 million offsets were 
surrendered for compliance in 2013-15.52 Of course, 
no one knew in advance exactly how many allowances 
they or others would have needed. (The year’s actual 
emissions are released to the public in November of 
the following year.) As the emission reports indicate, 
actual emissions have been about 12 percent under the 
cap (See Table 7). The uncertainty around actual emis-
sions, activities undertaken to reduce emissions, and 
the demand for allowances, partly explains the excess 
allowances purchased, and it also explains the lower 
than expected auction sales in 2016.

SAN JOAQUIN VALLEY 
EMISSIONS, ALLOWANCES, 
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TABLE 7  Energy Savings and Gross Employment Gains of the IOU Energy Efficiency Programs on 
               the San Joaquin Valley, 2006-2015

TABLE 8  Reported Capped GHG Emissions and Allowances from Cap-and-trade Regulated 
               Entities, San Joaquin Valley 2013-15 (in metric tons CO2e)

California 
Cap53

Allowance 
Demand

Allowance Supply Balance

Year (past) Actual 
Emissions

Free 
Allocations

Sold in 
Auction

Offsets 
Surrendered

Total

2013 162.8 145.5 152.8  81.0 233.8 88.3

2014 159.7 146.1 147.3  81.0 12.7 241.0 94.9

2015 394.5 340.9 203.9  265.6 8.1 477.6 136.7

TOTAL 717 632.5 504 427.6 20.9 952.4

YEAR (FUTURE)

2016 382.7 TBD 193.0 188.6 TBD 393.4 TBD

Industry Sector Capped Emissions Free Allowance 
Allocation*

Remaining Compliance 
Obligation

Cement and Industrial 13,937,763 14,115,225 (177,462)*

Electricity 38,135,695 36,694,445 1,441,251 

Oil and Gas Production 41,921,773  26,600,347 15,321,426 *

Refinery and Fuel Supplier 36,700,475 830,753 35,869,722*

TOTAL 130,695,706 78,240,770 52,454,937* (net)

Source: Air Resources Board Compliance Reports, Auction Data, and Allocation Data 

(https://www.arb.ca.gov/cc/capandtrade/capandtrade.htm)

Source: Authors’ analysis using MRR Report data55 and allowance data56 from the Air Resources Board

* Value is estimated
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AND COMPLIANCE 
OBLIGATION BY INDUSTRY
We conducted the same analysis for the san Joaquin 

Valley. Table 8 shows the total capped emissions for 

entities located in the san Joaquin Valley based on 

emissions reports. In addition we allocated a share 

of the emissions of electricity imports for Pacific Gas 

and electric (PG&e) and southern California edison 

(sCe) proportional to the region’s share of those utili-

ties electricity use (28 percent and 7 percent, respec-

tively). 

The number of free allowances each entity receives 

depends on the aRb’s assessment of their leakage 

risk and transition assistance factors as well as a sec-

tor- and entity-specific emissions allocation that is 

based on production rather than energy consumption 

or emissions.54 This way of distributing allowances en-

sures that entities with more efficient or lower emis-

sion systems than their industry competitors are not 

inadvertently penalized for their climate leadership. 

by design, this allocation process is complex and 

the resulting allowance allocation is unique to each 

capped entity. To protect confidential business infor-

mation, allowances by specific entity are not publicly 

available, so for most entities, we had to estimate its 

share of free allowances. To do so, we proportionally 

assigned shares of each sector’s allowances to the 

entities in that sector based on their reported emis-

sions. for the electrical utilities, we also allocated to 

the Valley the share of their allowances the same way 

we allocated a share of the emissions from electricity 

imports. The results of this process are summarized in 

Table 8.

from 2013-15, emissions for the Valley represent 

about 21 percent of the total capped emissions, and 

the emissions were concentrated in industries that 

did not receive many free allowances. for example, 

the region has a disproportionately high share of oil 

and gas producers who didn’t receive as high a share 

of allowances as other industries with higher leakage 

and transition assistance needs. However, if the costs 

of cap-and-trade compliance for emission-intensive 

fuel and electricity industries are fully passed on to 

consumers throughout the state, the negative eco-

nomic impact to these industries would have been 

widely dissipated throughout the state rather than 

concentrated in the san Joaquin Valley.

ESTIMATED COSTS OF 
CAP AND TRADE FOR SAN 
JOAQUIN VALLEY REGION
To estimate the economic impacts of the cap-and-

trade program on the Valley we first calculated direct 

compliance costs. The Valley’s capped emissions for 

this period totaled about 131 million metric tons of 

carbon dioxide equivalent (Co2e). We estimate that 

entities in the Valley received 78 MMTCo2e in free 

allowances (one allowance equals one metric ton 

Co2e). Consequently, the remaining compliance ob-

ligation (total emissions minus free allowances) over 

the period for the Valley was approximately 52 MMT 

in Co2e. The compliance obligation can be met with 

on-site emission reduction, the purchase of verified 

emission offsets (up to eight percent of emissions), 

the purchase of allowances from primary auctions, or 

the purchase of allowances in secondary markets. 

from 2013-14, san Joaquin Valley entities con-

sumed 37 percent of the total (4.8 million) offsets 

used for compliance, at an average price of $9.63, 

totaling $44.4 million. In 2013-14, these offsets 

covered 7.7 percent of the region’s capped emis-

sions. While a few offset projects were developed 

and registered in the san Joaquin Valley (all of them 

livestock gas capture projects in Merced, Tulare, and 

stanislaus Counties), none of those offsets were used 



CaP anD TRaDe

neXT 1029

The economic Impacts of California’s Major Climate Programs on the san Joaquin Valley 

for compliance in 2013-15. Table 9 above shows the 

offsets purchased by Valley entities in 2013-15.

We used the settled auction prices over the period 

to estimate the value of free allowances and the costs 

of compliance for the region.58 Table 10 shows the 

value of free allowance allocations by sector and the 

cost of required allowances to meet the compliance 

obligation after accounting for offset purchases and 

free allowances.

Table 11 sums the costs of offsets purchases and 

the costs of purchasing required allowances to show 

total estimated compliance cost based on the aver-

age offset price and auction allowance settlement  

prices. This table does not account for any allowanc-

es or offsets that firms have acquired but not surren-

dered for compliance.

a source of possible over-estimation of compli-

ance costs relates to the existence of excess allow-

ances in the California cap-and-trade market. based 

on reported and estimated emissions (from Manda-

tory Reporting Regulation (MRR) reports), there were 

about 330 million allowances available in excess of 

the statewide compliance obligation from the period 

2013-15. excess allowances indicate an oversupply, 

and the cost of allowances through private transac-

tions would likely have been lower than the auction 

settlement price we used. This excess availability of 

allowances signifies both the success of California’s 

policies in actually reducing emissions and is likely a 

main factor underlying the low sales of allowances in 

two of the 2016 cap-and-trade auctions. 

The Valley industries with highest greenhouse gas 

emissions that were covered by the cap-and-trade 

program were petroleum refining and fuel suppliers 

and oil and gas extraction.60 other high-emissions 

industries such as electricity, food and other manu-

facturing, cement manufacturing, and mining activity 

received free allowances that covered the majority or 

all of their emissions. between free allowances and 

actual emission reductions, these industries repre-

sented a very small percent of estimated compliance 

or were net beneficiaries.

for the IMPlan analysis, we grouped the estimat-

ed compliance costs by industrial sectors. Ignoring 

the small positive effect of free allowances worth $3 

million for the cement and other industrial sectors, 

we divide $631 million between the industries with 

net costs: fossil fuel electric power generation, oil 

and natural gas extraction, and petroleum refineries 

and fuel suppliers, as shown in Table 11. This trans-

lated to a roughly 1 percent-29 percent-70 percent 

TABLE 9  Purchased offsets for Cap-and-trade Compliance (2013-15), San Joaquin Valley

Industry Sector Offsets Surrendered (2013-15) Cost of Offsets

Cement and Industrial 417,428 $4,074,144

Electricity 2,812,733 $25,414,284

Oil and Gas Production 114,607 $1,103,717

Refinery and Fuel Supplier 4,881,526 $49,071,549

TOTAL 8,226,294 $81,364,391 

* Authors’ analysis of data based on Offset Prices in Tables of Market Transfers 
(2014 and 2015) and 2013-2015 Compliance Summary Reports.57
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TABLE 10  Cap-and-trade Allowance Costs, Net Free Allowances and Offsets,
                 San Joaquin Valley 2013-15

TABLE 11  Cap-and-trade Compliance Costs, San Joaquin Valley 2013-15
                 (Offsets + Allowance Purchases)

Industry Sector Free 
Allowance 
Allocation*

Value of 
Allowances

Offsets 
Purchased 
(2013-15)

Remaining 
Compliance 
Obligation

Cost of Required 
Allowances 
(2013-15)

Cement and 
Industrial 

14,115,225  $169,780,206 417,428 (594,890) ($7,144,629)

Electricity 36,694,445  $441,295,863 2,812,733 (1,371,482) ($16,444,070)

Oil and Gas 
Production

26,600,347  $320,295,881 114,607 15,206,819 $182,785,964

Refinery and 
Fuel Supplier

830,753  $9,947,838 4,881,526 30,988,196 $383,014,103

TOTAL 78,240,770 $941,319,788 8,226,294 44,226,929 (net) $542,211,368 (net)

Industry Sector Offset Cost  
(2013-14)**

Net Allowance 
Cost (2013-15)*

Net Compliance Cost Percent of Costs

Cement and 
Industrial 

$4,074,144 ($7,144,629) ($3,070,485)  

Electricity $25,414,284 ($16,444,070) $8,970,214 1.4%

Oil and Gas 
Production

$1,103,717 $182,785,964 $183,889,681 29.1%

Refinery and 
Fuel Supplier

$49,071,549 $383,014,103 $432,085,652 69.5%

TOTAL $81,364,391 $542,211,368 (net) $628,016,032  

* * Authors’ analysis of data from “Mandatory GHG 
Reporting - Reported Emissions,” Air Resources Board, 
California Environmental Protection Agency.  Accessed 
September 2, 2016, at: http://www.arb.ca.gov/cc/
reporting/ghg-rep/reported-data/ghg-reports.htm and 
Auction Allowance Settlement Prices for 2013-15 vintage 
allowances.59

**Based on Offset Prices in Tables of Market Transfers 
(2014 and 2015). Accessed December 1, 2016, at https://
www.arb.ca.gov/cc/capandtrade/2015transferssummar
y120916.xlsx; 2013-2014 Compliance Report. Accessed 
December 5, 2016, at https://www.arb.ca.gov/cc/
capandtrade/2013-2014compliancereport.xlsx;  Auction 
Allowance Settlement Prices. Accessed September 2, 2016, 
at: http://www.arb.ca.gov/cc/capandtrade/auction/results_
summary.pdf
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split for electric power generation, oil and natural 

gas extraction, and petroleum refineries and fuel 

suppliers, respectively. This distribution is based on 

the analysis of compliance obligation costs for these 

industries, including offset purchases and net of free 

allowances. Complying with cap-and-trade require-

ments will increase overall production costs for these 

industries.61 over the three-year period, the costs 

of compliance on the electric power generation, oil 

and gas extraction, and petroleum refining industries 

were 0.05 percent of total production costs, 1.33 

percent, and 1.32 percent, respectively.62 How cost 

increases affect production depends on the extent to 

which prices are determined locally or in a wider mar-

ket, and how sensitive consumer demand is to price, 

commonly termed the price elasticity. We obtained 

measures of price sensitivity for the affected indus-

tries from an extensive literature review conducted by 

the sightline Institute and other sources.63  

Using petroleum refineries as an illustration, re-

search suggests that demand for refined petroleum 

(gasoline) decreases by 0.62 percent for each 1 

percent increase in the price of gasoline. If cap-and-

trade compliance increased gasoline production and 

distribution costs by 1.32 percent from 2013 to 2015, 

and if retail prices increase by the same percent, then 

demand would have decreased by 0.08 percent over 

the period (–0.06 percent x 1.32 percent = -0.08 per-

cent). This assumes 100 percent cost pass through.64  

The price elasticity for electricity is -0.47 (demand 

reduction is -0.02 percent). for oil and gas, price 

elasticity is -0.37 (demand reduction -0.49 percent). 

The economic impact of demand reduction in 

the Valley is based on the reduction in demand by 

consumers residing outside of the Valley. Reduced 

demand from within the Valley simply redistributes 

spending within the region, while the decrease in de-

mand from outside the Valley represents a decrease 

in spending flowing into the region.65 Information 

for the Valley obtained from the IMPlan software 

was used to determine the decrease in demand for 

refined petroleum products from outside the Valley.66 

The method employed to measure the effect of 

cap-and-trade compliance on non-local demand 

for refined petroleum was also used to measure the 

decreases in non-local demand for electric power 

generation and oil and gas extraction.  our findings 

indicate that demand for refined petroleum produced 

in the Valley decreased by approximately $118 mil-

lion between 2013 and 2015 as a result of cap and 

trade, demand for crude petroleum produced in the 

Valley decreased by approximately $81 million, and 

demand for Valley-based fossil fuel power generation 

decreased $0.2 million (see Table 12). a caveat on 

economic models is necessary here. How firms actu-

ally behave may differ from the estimations based on 

elasticities. firms may be able to change product mix, 

may absorb cost increases through declines in profits 

instead of production levels, and a variety of other 

strategies, each with implications for the regional 

economy that are not captured by this analysis, which 

assumes the costs are completely passed on to cus-

tomers.

The data reported in Table 12 indicate that be-

tween 2013 and 2015, the cost of cap-and-trade 

compliance resulted in a decrease in demand for 

these three commodities. of the three categories, 

the decrease in demand by nonlocal consumers is the 

smallest for electricity generation due to the effect of 

the investor-owned utility sale of free allowances and 

cost mitigation for the customers from the proceeds. 

These decreases in demand due to cap-and-trade 

policy have a negative, but very small, impact on the 

regional economy. The total gross regional product 

for 2013-15 totaled $471 billion, and total compli-

ance costs represented just one tenth of one per-
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cent (0.1 percent) of regional GDP. The reduction of 

money flowing into the region as a result of non-local 

demand is even lower (0.04 percent). 

While complying with cap and trade added to the 

prices of oil and gasoline produced in the Valley 

between 2013 and 2015,67 these increases were small 

and overwhelmed by general trends that saw the 

price of oil plummeting. It is worth noting that this 

time period was characterized by falling oil and gaso-

line prices in California and elsewhere. for example, 

mid-grade prices for regular gasoline in California fell 

from $3.99 per gallon in 2013 to $3.29 per gallon in 

2015, a 17.5 percent decrease.68 

similarly, world oil prices fell from approximately 

$106 per barrel in 2013 to under $50 in 2015, an ap-

proximate 53 percent decrease.69 

California energy Commission data70 show that the 

average refiner margin (the amount refiners receive 

for each gallon of gasoline) in 2014-15 was $0.68 per 

gallon for branded gasoline compared to an aver-

age pre-cap-and-trade margin of $0.48 per gallon 

in 2006-12. This increase in refiner margin is double 

the estimated $0.10 cost per gallon of cap and trade, 

indicating the cost was absorbed by the industry. 

This is further evidenced by record refiner profits in 

this period. Profits for Valero in California on brand-

ed gasoline in second quarter 2015 exceeded the 

company’s California refining profits by 1,100 percent 

over the same quarter in 2014, and Chevron quarterly 

profits were double their average since 2005.

ESTIMATED BENEFITS FROM 
CAP AND TRADE IN SAN 
JOAQUIN VALLEY REGION
between 2012 and 2015, the state of California re-

ported state-owned cap-and-trade auction proceeds 

in the Greenhouse Gas Reduction fund (GGRf) of 

$3.527 billion.71 once appropriated, the money goes 

to projects that further reduce greenhouse gas emis-

sions. as of December 31, 2015, $911 million was 

implemented (money spent). of this, $259 million went 

to high-speed rail in the Valley, equaling 28 percent 

of the early spending. since construction of the rail 

system has begun in the Valley, these funds represent 

new spending mostly in the region. In addition, the 

Valley received $60 million (7 percent of the total) for 

other projects. These funds are distributed by the cat-

egories in Table 13.72 In total, the eight-county Valley 

region has so far received 35 percent of the imple-

mented funds ($319 million).

state law requires 25 percent of GGRf funding to 

be directed to the development of the state’s new 

TABLE 12  Estimated Decrease in Demand for Electricity Generation, Oil and Gas Extraction,
                 and Petroleum Refiners in the San Joaquin Valley, 2013-15

Industry Sector Decrease in Demand for Valley Producers

Fossil Fuel Electric Power Generation $0.25 million

Crude Petroleum and Natural Gas Extraction $81.37 million

Petroleum Refineries $118.30 million

TOTAL $199.93 million

Source:  Authors’ analysis of IMPLAN study area data
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high-speed rail system.75 so far, $850 million has 

been appropriated to high-speed rail. a full 25% of 

the 2013 – 2015 revenue will be $907 million. If all 

of this is spent in the Valley, an assumption that may 

not be accurate,76 and if other projects in the Val-

ley receive 7 – 8 percent of the total revenue ($247 

- 296 million), the Valley would receive $1154 - 1203 

million (32 percent of the total). Most of this funding 

is already appropriated but has not yet been imple-

mented or designated for specific locations.77 

The office of the Governor announced the new 

Cap-and-trade expenditure Plan agreement on 

august 31, 2016.78 The distribution of future GGRf 

funds for climate investments under the new expen-

diture plan differs from the distribution of implement-

ed funding over the 2013-2015 period that is re-

ported in Table 13.79 Under the new expenditure plan 

we expect larger shares of funding for clean vehicle 

and fleet modernization purchase incentives, waste 

diversion, and ecosystem restoration. With a shift in 

spending priorities, construction spending on afford-

able housing, weatherization, and solar power instal-

lation, etc. in the Valley is expected to decrease. 

funding for irrigation modernization is expected to 

remain near the previous level. The expected distri-

bution of these funds is reported in Table 14.

In looking at the net benefits of cap and trade, it 

is important to consider the time lag between when 

cap-and-trade compliance costs are incurred and 

when cap-and-trade revenue is redistributed, so the 

pain is felt before the gain. This time lag is neces-

sary and, in fact, desirable. The process of collecting 

funds, appropriating them to the relevant agencies, 

finding and selecting suitable projects, and then im-

plementing the projects, is complex, allowing stew-

ards of the funds to make sure they are spent effi-

ciently and deliberately. any assessment of the costs 

on an annual basis and the benefits for that same 

year will be impacted by this lag, particularly in the 

early years when GGRf spending is just beginning 

and programs are just being launched. We try to ad-

dress this issue by examining the benefits that will be 

produced by the revenues collected into the GGRf 

even though they have not yet been implemented. 

Therefore, we estimate the benefits by extrapolating 

the already realized benefits.

ESTIMATED ECONOMIC 
IMPACTS OF CAP AND TRADE 
THROUGH 2015
This analysis attempts to quantify the net economic 

impact of cap and trade for the Valley, so we look at 

the potential negative impacts and potential positive 

impacts of the program’s implementation between 

2013-15. This assessment measures the economic 

dynamics in the region as impacted by cap and trade. 

It is not a survey of actual job gain or loss. There is 

no evidence of actual job loss as a result of cap and 

trade, and in fact total employment, personal in-

come, and household incomes rose over the period 

(see Table 16). This is because, as noted in the sec-

tion on compliance costs, more general economic 

trends have likely overwhelmed the very small impact 

of cap and trade. for example, actual employment in 

the carbon-intensive industries likely grew during the 

2013-15 period due to a fracking boom in the san 

Joaquin Valley, very low costs of crude oil, and re-

cord-high gasoline sales. The slight negative impact 

of climate regulation is miniscule by comparison.

IMPlan’s input-output analysis measures the 

direct, indirect, and induced effects associated with 

changes in spending and reports impacts in terms of 

additional economic activity, employment, and tax 

revenue within a region.80 The impacts of high-speed 

rail and other climate investments are reported in 

Tables 17 and 18. We make the assumption that the 
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TABLE 13  Distribution of Implemented Auction 2013-15 Revenue, by Industry within
                 the San Joaquin Valley (net of high speed rail)

TABLE 14  Distribution of Expected Auction 2013-15 Revenue, by Industry within
                 the San Joaquin Valley (net of high speed rail)

Category Investment spending Distribution

Construction Activity* $36.0 million 60%

Vehicle Purchase Incentives $13.2 million 22%

Irrigation Modernization $8.4 Million 14%

Waste Diversion $1.2 million 2%

Forestry and Ecosystem Restoration $1.2 million 2%

TOTAL $60 million 100%

Category Investment spending Distribution

Construction Activity1 $103.6 million 35%

Vehicle Purchase Incentives $91.8 million 31%

Ecosystem Restoration and Urban 
Greening

$47.4 million 16%

Irrigation Modernization $38.5 million 13%

Waste Diversion $14.7 million 5%

TOTAL $296 million 100%

Source:  Authors’ analysis of 2015 County and Legislative District List of Implemented GGRF Projects.73 

*Construction Activity includes the building of new affordable housing, solar panel installation, weatherization, transit 
improvements, and construction work on digesters and composters.

**For detailed information on the inputs and assumptions used in IMPLAN, including industry codes, please contact the authors74

Source:  Authors analysis of 2015 County and Legislative District List of Implemented GGRF Projects.
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TABLE 15  Total Expected Distribution of 2013-15 Revenue, by Program within the
                 San Joaquin Valley

Category Share of total investments* Investment spending *

High Speed Rail 25% $907 million

Other Climate Investments 10% $296 million

TOTAL 35% $1203 million

direct spending of $882 million -1.145 billion for 

high-speed rail will be entirely applied to construc-

tion and related activities in the Valley, which may be 

an overestimate if spending on out-of-region goods 

of services has also been significant.81 This level of 

spending is expected to generate approximately 

2,000-2,600 construction jobs.82 The economic im-

pact of this new spending will generate an additional 

$1.3-1.7 billion in economic activity, 5,200-6,800 new 

jobs, and $38-49 million in state and local tax rev-

enue in the Valley.83 

The implied spending and employment multipliers 

are useful in measuring the impacts of future invest-

ments in the Valley. for example, each additional 

$1 in construction spending on high-speed rail will 

generate and additional $1.50 in economic activity 

in the Valley.84 also, the spending of high-speed rail 

construction workers creates other jobs in local retail 

and service industries. specifically, each new rail 

construction job supports another 1.6 jobs (for a total 

of 2.6 jobs).85 each $1 spent on other climate invest-

ments generates $1.4 in economic activity, and each 

new job creates 1.8 total jobs.  

Table 17 and Table 18 show the impacts of the 

2013-15 cap-and-trade funds so far implemented and 

the impact of the funds expected to be implemented 

in the near future.

overall, the new spending on high-speed rail and 

other climate investments will increase economic 

activity in the Valley by approximately $1.7 billion, 

create over 7,800 jobs, and generate approximately 

$55 million in state and local tax revenue.

While construction of high-speed rail and other 

climate investments have a positive effect on economic 

activity, complying with cap-and-trade requirements 

has a negative effect in the region.  These effects are 

reported in Table 19.88  according to data reported 

above in Table 12, the direct impact of cap-and-trade 

regulations decrease non-local demand for oil, elec-

tricity, and gasoline by a total of $202 million. The 

total impact of this reduction in sales is $269 million, 

including $9.7 million in reduced state and local tax 

revenue. These data indicate that with another $1.00 

reduction in sales and production of oil, electricity, 

and gasoline due to cap-and-trade compliance costs, 

economic activity in the Valley decreases by $1.33.  

for each million dollar negative impact, 0.8 direct 

jobs are lost. This is low because the industries most 

impacted by cap and trade are capital, not labor, inten-

sive. The negative impact of cap-and-trade compliance 

from 2013-15 is 153 direct jobs.89 The corresponding 

employment multiplier indicates that a total of 2.8 jobs 

are lost for each direct job lost due to cap-and-trade 

compliance (434 total jobs from 2013-15 compliance). 

These multipliers are the weighted averages for the 

three sectors combined for the Valley region.90 

for each million dollar investment in the region 

from the GGRf, 2.7-3.2 jobs are created, depending 
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TABLE 16  Economic Indicators for San Joaquin Valley 2013, 2014, 2015

TABLE 17  Economic Impacts of Implemented 2013-15 Cap-and-trade Revenue, San Joaquin Valley

TABLE 18  Economic Impacts of Expected Cap-and-trade 2013-15 Revenue, San Joaquin Valley

Year 2013 2014 2015

Gross Regional Product $149 billion $165 billion $157 billion 

Total Personal Income $139 billion $147 billion $154 billion 

Total Employment 1,789,624 1,824,908 1,858,254

Average Household Income $110,883 $116,282 $120,878 

Expected auction 
proceeds

Direct Impacts Impact on economic 
activity

Impact on 
employment

Impact on state & 
local tax revenue*

Construction of 
high speed rail 

$259 million 
600 jobs

$391 million 1550 jobs $11.0 million

Other climate 
 investments**

$60 million
260 jobs

$76 million 490 jobs $3.3 million

Total impact $319 million
860 jobs

$467 million 2040 jobs $14.3 million

Expected auction 
proceeds

Direct 
Impacts

Direct 
Jobs

Impact on 
economic 
activity

Impact on 
employment

Impact on state 
& local tax 
revenue*

Construction of high 
speed rail 

$907 million 2090 jobs $1373 million 5400 jobs $38.8 million

Other climate investments** $296 million 1300 jobs $376 million 2440 jobs $16.1 million

Total impact $1203 million 3390 jobs $1750 million 7840 jobs $54.9 million

Source: Authors’ IMPLAN Analysis. Results reported in 2016 dollars.

*Excludes property tax revenue. 

** The impact of other climate investments is based on the expected allocations reported in Table 13 and Table 14.
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on the sectors in which funds are invested. for 

each job created, an addition 2.4 are created 

in the region. so far, revenue from the cap-

and-trade program has created over 2000 jobs 

in the region, with over 7800 expected once 

funds collected in 2013-15 are fully imple-

mented. This does not include projections of 

spending of funds collected after 2015.

The overall net impact of compliance costs 

and expected auction proceeds are reported in 

Table 19. The net impact is the difference be-

tween the negative effects of compliance with 

cap and trade and the positive effects of the 

investment of cap-and-trade revenue. These re-

sults show both impacts from the cap-and-trade 

revenue already implemented in the region 

as well as revenue collected in 2013-15 that is 

expected to be implemented in the region. 

both the costs and benefits of cap and trade 

are small compared to overall economic activ-

ity in the region. for perspective, the Valley 

had 1.8 million people employed and a GDP 

of $165 billion in 2014.91 The net employment 

impact of 7412 jobs represents less than 0.4 

percent of the total employment, and the eco-

nomic impact represented about 0.1 percent 

of the Valley’s GDP in 2014.92 The program is nei-

ther a major job killer, nor is it a major engine of job 

growth. It will not destroy the regional economy, nor 

will it be enough to completely eliminate the region’s 

socioeconomic vulnerabilities. 

our most significant caveats should be kept in 

mind when considering these results.  first, our esti-

mates of the impact costs of compliance assume that 

increased costs lead to some level of decline in pro-

duction of the covered entities. Whether or not this is 

actually true depends both on the behavioral choices 

of firms, and other forces in the economy that are af-

fecting their industry. for businesses involved in gas 

and oil production, refining, and electricity genera-

tion, where the costs of compliance are largest, the 

decline in the world price of oil far outweighs the 

very small increase in costs due to cap-and-trade.

our estimates of declines in jobs and economic 

activity are therefore probably exaggerated. on the 

benefits side, the lag between collection of allow-

ance revenues and the spending on specific ac-

tivities in the Valley makes it necessary to estimate 

how much that spending will be in the near future 

and what activities will be stimulated. looking only 

at funds already spent will severely underestimate 

High Speed Rail 

In addition to the cap and trade funded portion of 
high-speed rail, these spending and employment 
multipliers may be used to measure the economic 
impact of the entire “initial operating section” of 
the rail system from Madera to near Bakersfield.  
This first section is estimated to cost $6 billion 
in federal funds ($3.3 billion) and Proposition 1A 
bond proceeds ($2.6 billion).86  Each $1 billion in 
high-speed rail construction requires approximately 
2,300 construction jobs.87 The economic impact of 
each $1 billion in rail construction will increase eco-
nomic activity in the Valley by approximately $1.5 
billion ($1 billion x 1.5) and increase employment 
in the Valley by about 5,900 jobs (2,300 direct jobs 
x 2.6). The total economic impact of the initial op-
erating section of $6 billion will increase economic 
activity in the Valley by approximately $9 billion ($6 
billion x 1.5) and create an additional 35,800 jobs 
(13,800 direct jobs x 2.6). These impacts are in ad-
dition to the cap-and-trade impacts summarized in 
Table 18.
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the full benefits of cap and trade in the Valley. We 

therefore report both implemented funds and al-

located funds so that the reader can consider both. 

In addition, making assumptions is part of the art 

of modeling economic impacts. We tried to the full 

extent possible to explicitly identify our assumptions. 

We hope that this transparency helps economists and 

policy makers devise alternate approaches to region-

al economic analysis of the state’s climate policies.

TABLE 19  Summary of Costs and Benefits of Cap-and-trade Implementation
                 in the Period 2013-15 in the San Joaquin

Category Direct Effects 
($ and jobs)

Total Impact on 
Economic Activity

Total Impact on 
Employment

Impact on State 
& Local Tax 
Revenue*

Cost of Compliance 
(2013-15)  

($200 million)
(151 jobs)

($265 million) (428 jobs) ($9.6 million)

Implemented GGRF 
Revenue (2013-15)

$319 million
860 jobs

$467 million 2040 jobs $14.3 million

Expected GGRF 
Revenue (2013-15)

$1203 million
3190–3800 jobs

$1750 million 7840 jobs $54.9 million

Net Impact (to-date) $119 million
709 jobs

$202 million 1612 jobs $4.7 million

Expected Net 
Impact

$1003 million
3039- 3649 jobs

$1485 million 7412 jobs $45.3 million

Source:  Authors’ IMPLAN analysis. Results reported in 2016 dollars. *Excludes property tax revenue.
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Potential Economic Impacts of 
an Extended Cap and Trade 
through 2030
should California decide to extend the cap-and-trade program through 2030, the range of po-

tential economic impacts on the san Joaquin Valley will depend on a number of factors, mostly 

relating to law and policy decisions but also due to technological and market-driven changes. This 

section describes the factors that will likely determine both the costs and benefits for Valley enti-

ties and residents from an extended cap-and-trade program through 2030.

FUTURE NEGATIVE IMPACTS 
Valley sources that continue to emit high levels of 

greenhouse gases will likely experience ongoing 

costs to comply with the cap-and-trade program.  

These costs could result from multiple methods of 

compliance, such as from on-site emissions reduc-

tions, purchase of allowances in the cap-and-trade 

auctions, purchase of less-expensive offsets to avoid 

needing to purchase allowances, or reduction in or 

relocation of business activity to avoid compliance 

obligations. These costs in turn may result in higher 

prices for electricity (depending on the use of inves-

tor-owned utility allowance revenue to offset these 

increases) and transportation fuels, and these higher 

prices will have some negative impact on demand 

for these products produced in the Valley. The price 

elasticities of demand for these products is relatively 

low in the short-run, so the effects on production will 

continue to be small. 

Determining the likely costs of compliance through 

2030 requires an assessment of the various ways 

that covered entities will attempt to comply with 

the emissions reduction requirements. While these 

decisions will be particular to each firm and will de-

pend on a range of policy, business and technology 

factors, firms will likely assess their options at least 

in part based on the anticipated cost of purchasing 

allowances. 

To determine the cost of allowance purchases, we 

estimate the total number of allowances the Califor-

nia air Resources board will issue from 2016 through 

2030, based on the California air Resources board’s 

existing projections through 2020 and proposed 

amendments to extend the program through 2030.93 

We estimate 4,407 billion total allowances will be 

issued statewide from 2016 through 2030.  If we as-

sume that Valley sources will continue emitting about 

21 percent of the emissions covered by the statewide 

cap, Valley entities would have a compliance obliga-

tion equal to approximately 940 million allowances 

over that period.  

To calculate the cost of this compliance, we assume 

the auction reserve price is a proxy for the compli-

ance cost. We multiply the auction reserve price by 

the total allowances available over the period to get 

a total statewide compliance cost of $56.1 billion (in 

2016 dollars). (The minimum auction reserve price 

is based on the $12.73 price in the May 2016 auc-

tion94)  With Valley sources responsible for 21 per-

cent, as discussed above, these entities would have 

compliance costs of $11.8 billion from 2016–30.
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a number of factors will influence the actual cost 

of compliance and the negative economic impact of 

complying with cap and trade.

•	The price of allowances 
As the cap declines, there will be fewer allow-

ances. Economic logic relates the cost of a 

commodity to the supply and demand of that 

commodity. If demand remains constant while 

supply dwindles, the cost of allowances will 

increase. The price of allowances is related to 

the costs of reducing emissions. Lower costs of 

actual emission reductions will reduce demand 

for purchased allowances and compliance costs 

will stay low. The inverse is also true.  

•	Free allowance allocations 
The California Air Resources Board has allocated 

free allowances to many covered entities to 

prevent leakage and assist with transition. These 

free allowances are designed to decline slowly.95 

Because free allowances offset compliance costs 

for the entities receiving them, the decline of 

free allowances will increase compliance costs. 

•	Amount of utility allowances auctioned and 
corresponding climate credits 
Under the rules of the cap-and-trade program, 

investor-owned utilities must auction their free 

allowances and redistribute the revenue to elec-

tricity customers.  Municipal, or publicly owned, 

utilities also receive allowances and have discre-

tion over how to use them.  The redistribution of 

this allowance revenue to customers is intended 

to mitigate the price increases (and correspond-

ing demand reduction) for sensitive customers. 

It will be important to pay attention to the sale 

of utility-owned allowances.96  

•	Available offsets  
California’s program rules allow capped entities 

to meet 8 percent of their compliance obligation 

through offsets. If the cost of offsets remains 

less than the allowance price, the total cost of 

compliance will also be less.  

•	Cost of emissions reduction 
technologies 
As the market for emissions-reducing technolo-

gy improves, both from demand from California 

industries affected by cap and trade and other 

environmental regulations and from demand 

from firms in other jurisdictions with similar 

carbon limits, the cost of these technologies will 

likely decrease.

Ultimately, as the numbers to date indicate, these 

compliance costs (not including benefits) through 

2030 could lead to job loss and reduced economic 

activity in the fossil fuel sector between 2016 and 

2030.  However, the range of these impacts will 

depend on the policy and market factors described 

above, and they will continue to be offset by the 

benefits of the cap-and-trade program in the Valley, 

should the program continue.
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FUTURE POSITIVE IMPACTS
The benefits of the cap-and-trade program will most-

ly flow from spending in the Valley from statewide 

auction proceeds, via the Greenhouse Gas Reduction 

fund (GGRf).  This spending will create Valley jobs 

and boost economic impacts, as well as potentially 

reduce some resident costs for transportation and 

utilities, such as through supporting more transit, 

high-speed rail, and housing near jobs and services.  

In addition, to the extent that greenhouse gas emis-

sions reductions also mean reduction in other harmful 

pollutants, the region may experience public health 

benefits that contribute to economic activity, such as 

reduced asthma rates.

The amount of auction proceeds through 2030, 

however, could vary greatly, as well could the amount 

of statewide proceeds that the state may spend in 

the Valley.  The following factors directly influence 

the potential economic benefits to the Valley of cap 

and trade.

•	The price of allowances and 
percentage sold
As discussed above, the potential range in auc-

tion price means a corresponding range in the 

amount of auction proceeds that the state could 

spend in the Valley.  In addition, the percentage 

of allowances auctioned, versus freely allocated, 

will greatly impact the amount of proceeds to 

spend.  The amount of auction revenue dedi-

cated to investor-owned utilities and publicly-

owned utilities also determines how much of the 

proceeds is available to spend in the Valley.  For 

example, we estimate that total auction revenue 

from 2016 through 2030, with 75 percent of 

the allowances auctioned at a minimum price, 

could be $58.918 billion, with approximately 24 

percent ($14.14 billion) for investor-owned utili-

ties.  In this scenario, the state would therefore 

have over $44 billion in proceeds to spend.  And 

if 90 percent of the allowances are auctioned at 

the minimum price, using the same calculations 

(but a relatively smaller percentage in revenue 

directed to investor-owned utilities), the state 

could have over $56 billion in auction proceeds 

to spend.  Similarly, if the allowance price is 

twice the minimum, that figure could be over 

$113 billion.  These ranges indicate the extent 

of variability in benefits from auction prices and 

percentages.

•	The percentage of greenhouse gas reduction 
funds spent in the Valley (particularly high-
speed rail investments)
To date, 35 percent of the program’s imple-

mented funding has been spent in the Valley, 

largely due to investments in high speed rail 

construction.97 Given high-speed rail’s initially 

significant and then ultimately declining role 

through 2030, as construction completes in the 

Valley region and possibly across the state, this 

percentage could diminish through 2030.  In ad-

dition, the high speed rail program faces some 

uncertainty due to litigation over the legality of 

dedicating cap-and-trade auction proceeds to 

it,98 as well as uncertainty related to the con-

struction timeline and route and availability of 

other funds for construction.  However, if the 

region continues to receive approximately 35 

percent of the auction proceeds (likely the most 

optimistic scenario), the Valley could potentially 

receive between $16 billion (minimum allowance 

price and 75 percent auction) and $20 billion 

(90 percent auction) and as much as $40 billion, 

assuming allowances sell for twice the minimum 

allowance price.



CaP anD TRaDe

neXT 1042

The economic Impacts of California’s Major Climate Programs on the san Joaquin Valley 

•	Amount of utility allowances auctioned 
As discussed above, the amount of auction pro-

ceeds available depends on investor-owned utility 

auctions of their free allowances (as well as munici-

pal utility decisions related to their allowances) and 

how they redistribute the proceeds to electricity 

customers.

overall, the Valley could potentially have positive net 

economic impacts from the extension of cap-and-

trade through 2030, given the high levels of invest-

ment in the region, which would lead to jobs and 

improved economic activity. The higher the auction 

proceeds and the greater percentage of those funds 

that are spent in the Valley, the more the region will 

benefit overall, continuing the net positive impacts of 

the program to date.

POTENTIAL ECONOMIC 
IMPACTS OF NOT EXTENDING 
CAP AND TRADE THROUGH 
2030
If policy makers do not extend cap and trade be-

yond 2020, the California air Resources board would 

likely replace this market-based mechanism with 

direct regulation of existing sources (command-and-

control), as prioritized by ab 197 (Garcia).  Under this 

scenario, regulated entities would no longer have the 

option of purchasing allowances or offsets to com-

ply with the emissions reduction targets and would 

either have to invest in on-site emissions reductions 

(creating jobs) or reduce or relocate their business 

activity, with accompanying job losses in the Valley.  

as a result, many of the costs described above would 

likely increase. 

The primary benefit of more traditional command-

and-control approaches compared to cap and trade 

is greater site-specific certainty of actual emissions 

reductions. This is important not only for guaranteeing 

GHG reductions, but also for neighboring communi-

ties and other residents concerned about emissions 

from particular facilities.  In addition, these green-

house gas emission reductions at regulated facilities 

could also include reduction in harmful co-pollutants.  

The decline in co-pollutants could offer significant 

public health benefits to the region. finally, direct 

emissions reductions in the Valley will produce local 

jobs, as long as abatement rather than plant closure 

occurs, whereas purchase of offsets or allowances 

from outside the region will not have this stimulating 

effect on the local economy.

Without cap and trade, Valley residents might see 

higher prices for goods and services from regulated 

entities, if the cost of complying with direct regula-

tion is greater than the cost of complying with cap and 

trade.  Residents could also suffer job losses from busi-

nesses that relocate or reduce activity based on higher 

compliance costs under direct regulation instead of 

cap-and-trade.  In addition, residents would lose the 

benefits of spending from the greenhouse gas reduc-

tion fund, as well as “climate credits” to reduce their 

electricity bills.



R E N E W A B L E S 
P O R T F O L I O 
S T A N D A R D
Few places in the state have been as overwhelmingly 
affected by the clean energy boom, and have in turn 
spurred that boom, as the San Joaquin Valley. According 
to the California Energy Commission, the Valley accounts 
for almost 31 percent of the energy capacity of renew-
able projects online as of October 2015 and 46 percent 
of renewable projects that had received environmental 
permits but were operational as of that same date.99 This 
share totals 5,607 MW of renewable capacity, generat-
ing enough electricity to power over 4 million homes. 
Planned projects will add an additional 5,434 MW of re-
newable capacity.
California has been increasing the stringency of its renew-
able energy requirements since 2002. That year, SB 1078 
established the state Renewables Portfolio Standard 
(RPS) to require retail electricity sellers, with the excep-
tion of municipal utilities, to procure 20 percent of their 
electricity from eligible renewable energy resources by 
2018, a goal that was later accelerated.  In 2011, Gov-
ernor Brown signed legislation to increase the RPS to 33 
percent by 2020.100 He set clean energy goals as part of a 
plan to help rebuild California’s economy, with an overall 
goal of adding 20,000 MW of renewable generation by 
2020, comprised of 8,000 MW of large-scale renewable 
generation and 12,000 MW of renewable distributed gen-
eration. California is ahead of schedule for meeting the 
2020 RPS target.101 In 2015, SB 350 increased the RPS 
again, by requiring that 50 percent of the retail electricity 
come from renewable sources by 2030.
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The California RPs is unique in its design. There are 

three categories of qualifying renewable energy, and 

as the state progresses toward the goal, a greater 

share of renewable energy has to be procured from 

Category 1 and a smaller share from Category 3. 

Category 1 refers to renewable energy from a facil-

ity whose connection to the grid  is controlled by a 

California balancing authority, and Category 3 refers 

to “unbundled” Renewable energy Credits (ReCs), 

which are certificates of renewable energy that can 

be purchased separate from the actual renewable 

energy generated. by 2017, 75 percent of RPs-qual-

ifying energy must be from Category 1 and only ten 

percent can be from Category 3. Category 2 energy 

is typically from a neighboring state. This design 

means that most of the employment and related eco-

nomic benefits from the construction of renewable 

energy to meet the RPs will be captured in state. 

as a result of these policies and the correspond-

ing decrease in technology and deployment costs, 

the state has made significant strides on renewable 

procurement. large-scale renewable capacity (greater 

than 20 MW) has steadily increased from 6,600 MW 

in 2010 to nearly 14,300 MW in 2015.  since the end 

of 2010, 7,700 MW of large-scale renewables have 

become operational within the state.102 as of october 

31, 2015, more than 7,200 MW of distributed genera-

tion (less than 20 MW in size) capacity was operating 

or installed in California, with nearly 900 MW of ad-

ditional capacity pending.103

BEYOND 2020
In fall 2015, sb350 called for a research study to 

explore the creation of a regional grid. Gov. Jerry 

brown and state regulators say a regional grid would 

help the state’s transition to clean energy by allow-

ing the import and export of solar and wind energy, 

which would lower costs and increase generation. 

The plan would allow the California Independent 

system operator (CaIso), which manages electric-

ity markets and transmission for about 80 percent of 

the California grid, to merge its portion of the grid 

with PacifiCorp, another grid operator that covers 

most of Wyoming and Utah as well as small parts of 

northern California, Washington, oregon, and Idaho. 

Under such integration, during midday in California, 

when solar energy production is at its peak, electric-

ity could be exported to other states, while at night, 

California could import power from Wyoming wind, 

which is typically strong at night. as of august 2016, 

planning for a regional grid was postponed until early 

2017 because of concerns that any flaws in the new 

system could weaken California’s RPs or reduce the 

state’s regulatory control.104

a recent study commissioned by CaIso estimated 

a regional grid could increase state GDP by as much 

as $1.7 billion and create as many as 19,300 jobs 

over and above than projected levels for current 

state policies.105 However, all the net new income and 

new jobs were projected to be created indirectly by 

lowered electricity rates for consumers and business-

es. While lower electricity rates would benefit Valley 

consumers, who spend higher than average shares of 

their incomes on electricity, integration could reduce 

the growth of renewables in the Valley, and some 

people earning good wages and benefits working on 

renewable construction projects would have to look 

elsewhere for work.
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as long as renewable energy developers continue 

to build in California, solar PV will continue to play 

a vital role in the economy and the energy future of 

both California and the Valley.  The cost of solar tech-

nology has decreased dramatically in the past half 

decade, and renewables developers view the Valley 

as an opportunity area due to its abundant sunshine, 

geographic proximity to demand and existing trans-

mission, and large parcels of suitable land.  a recent 

stakeholder-led study identified 470,000 acres of land 

in the Valley that may present the fewest land-use 

conflicts available for solar development, amounting 

to roughly 5 percent of the 9.5 million acres studied 

in the Valley.106

Economic Impact of Renewables 
Portfolio Standard in the San 
Joaquin Valley

METHODOLOGY
The data source for MW of energy capacity by loca-

tion is the California energy Commission.107  We used 

the Jobs and economic Development Impact (JeDI) 

models developed by the national Renewable ener-

gy laboratory (nRel) to calculate jobs and economic 

output figures and determine the associated multipli-

ers. Results are reported in 2016 dollars. The JeDI 

model allows for user alteration of some inputs. We 

altered the assumed hourly wage rate for utility-scale 

PV construction from $21.39 to $36.55 and increased 

the benefits rate to 48.8 percent to better reflect 

California construction costs.

We did not attempt to estimate regional economic 

costs of the RPs because doing so would require a 

challenging technical task of determining a business-

as-usual scenario. We know that the costs of meeting 

the RPs have been reasonable because there was 

a safety valve built into the program to reduce the 

targets should it be too costly. We also know that 

the costs of wind and solar electric generation have 

declined dramatically and are competitive with fossil 

fuels. 

furthermore, solar and wind generation resources 

do not simply replace fossil fuel generation. Without 

large-scale energy storage options, the state must 

maintain its fossil fuel infrastructure to provide power 

when the wind isn’t blowing or the sun isn’t shining. 

because of this, there is no evidence that the RPs has 

triggered any actual job loss in the san Joaquin Val-

ley. because the costs are negligible, the gross eco-

nomic benefits presented will be close to the overall 

net economic impact of the RPs in the Valley.

statewide, natural gas is 59 percent of the state’s 

total electricity generation capacity, but only 16 per-

cent of it is located in the Valley. The Valley has 24 

percent of the state’s solar generation and 54 percent 

of the state’s wind generation.108 as figure 8 and fig-

ure 9 show, all new generation capacity built in the 

Valley in recent years has been in renewables.
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FIGURE 8  Renewable construction in the 8-county San Joaquin Valley region, 2002-15

FIGURE 9  Natural gas power plant construction in the 8-county San Joaquin Valley region, 2002-15

SOLARBIOMASS WIND

TOTAL: 4547 MW

MEGAWATTS

0

200

400

600

800

1000

1200

1400

20152014201320122011201020092008200720062005200420032002

HYRDRO SOLAR THERMAL

NATURAL GAS

MEGAWATTS

0

500

1000

1500

2000

20152014201320122011201020092008200720062005200420032002

TOTAL: 4170 MW



ReneWables PoRTfolIo sTanDaRD

neXT 1047

The economic Impacts of California’s Major Climate Programs on the san Joaquin Valley 

FIGURE 10  Renewable energy construction measured in total jobs in the San Joaquin Valley, 2002-15
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ESTIMATED ECONOMIC 
IMPACTS OF THE RPS 
THROUGH 2015
from the time the first RPs passed in 2002 until the 

end of 2015, 4547 megawatts (MW) of RPs-qualifying 

renewable energy projects were built in the eight san 

Joaquin Valley counties, three-quarters of which was 

built after January 1, 2012. Most of these projects 

are in eastern Kern County’s Tehachapi region, which 

has the highest wind and solar potential in the state. 

Construction workers frequently have to travel long 

commutes to work at these project sites, with some 

workers coming from surrounding counties. There-

fore, the employment and economic impacts of the 

significant economic and employment benefits of the 

Tehachapi wind and solar development likely benefit-

ted the wider Valley economy. 

In total, this construction created about 88,000 

direct and indirect jobs,109 of which 80,000 were cre-

ated since 2012. 31,000 of these were “direct jobs” 

including jobs associated with the on-site develop-

ment. These include project developers, environ-

mental and permitting consultants, road builders, 

concrete-pouring companies, construction compa-

nies, tower erection crews, and crane operators. 

of the total direct jobs, approximately 9,532 were 

construction jobs, including about 7,440 blue-collar 

construction jobs.110 as shown in figure 10, most of 

this employment has been created since 2012.

every new MW of solar energy capacity (in proj-

ects greater than 250 kW) creates on average of 15 

direct jobs in onsite construction and construction 

related activities. for every direct job created in solar 

construction, there is an additional 1.6 jobs created 

offsite, so each new MW of solar in the san Joaquin 

Valley has created 40 total jobs. To date, large-scale 

solar development has created over 76,000 jobs in 

the Valley.

every new MW of wind creates on average of 0.6 

direct jobs in onsite construction and construction re-

lated activities. for every direct job created in wind, 

there is an additional 6.6 created offsite, so every 
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TABLE 21  Job multipliers for construction of renewable energy in the San Joaquin Valley

TABLE 22  Job multipliers for operation and maintenance of renewable energy in
                 the San Joaquin Valley

Renewable 
technology

Direct jobs per MW 
Construction

Employment multiplier 
(construction phase) *

Total employment impact 
per MW construction*

Solar 15.0 2.6 39.6

Wind 0.6 6.6 4.2

Biomass 3.8 1.7 6.4

Small Hydro 13.2 3.6 23.8

Solar Thermal 9.7 2.5 24.7

Renewable 
technology

Annual direct jobs per MW 
Operations

Employment multiplier 
(operating years)

Total annual employment 
impact per MW 
operations*

Solar 0.1 1.9 0.2

Wind 0.1 2.5 0.1

Biomass 0.8 4.2 3.5

Small Hydro 0.4 4.4 1.8

Solar Thermal 4.0 1.3 5.3

*may not multiply due to rounding

*these multipliers should not be used to project future jobs

new MW of wind power has created an average of 
4.2 total jobs. To date, wind power development has 
created over 10,000 jobs in the Valley.

Development of other renewables in the Valley 
(biomass, landfill gas, small hydro, and solar thermal) 
has created an additional 1100 total jobs.

In addition to direct benefits to workers, the 
development of renewables creates other jobs: 
white collar construction jobs, construction-related 

jobs, indirect jobs associated with the supply chain 
(manufacturing, transportation, etc.) and induced 
jobs created when workers spend money in the local 
economy. Table 21 shows the total employment im-
pact per MW of construction by different renewable 
energy. The construction of solar PV has the great-
est total employment of any renewable technology, 
creating almost 40 on-site and off-site jobs per MW. 
Wind has the lowest employment impact, creating 
just over four on-site and off-site jobs per MW. We 
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TABLE 23  Total economic output (in 2016 dollars), San Joaquin Valley renewables, built 2002-2015

TABLE 24  Average economic output multipliers by MW of renewable energy

Renewable technology Total economic output 
(construction phase) 

Annual economic output 
(operating phase)

Solar $9,708 million $47 million

Wind $1,726 million $57 million

Other (Solar thermal, Biomass, 
and Small Hydro)

$166 million $84 million

TOTAL $11,600 million $188 million

Renewable 
technology

Total economic output per MW 
(construction phase)

Annual economic output per MW 
(operating phase)

Solar $5.0 million $25K

Wind $0.7 million $23K

Biomass $0.9 million $600K

Small Hydro $3.8 million $300K

Solar Thermal $5.3 million $600K

caution that these solar PV multipliers in JEDI are 
significantly higher than other assessments of solar 
employment.111, 112

Once these facilities are operational, they require 
additional workers for ongoing operations and main-
tenance. These jobs are ongoing and permanent, 
and the number of workers needed varies by technol-
ogy. Of all the technologies, solar thermal has the 
greatest overall employment impact. Wind and solar 
require very little onsite maintenance, as shown in 
Table 22.

Table 23 shows the total economic output from 
the construction and operation of renewable energy 
in the Valley. In total, the construction of renewable 
energy has generated $11.6 billion in total economic 
output, 84 percent of it in solar PV. The operation 
and maintenance of these renewable facilities contin-
ues to generate $188 million annually.

Table 24 shows the economic output multipliers 
by MW for each renewable technology. In this case, 
solar thermal has the greatest economic output 
multiplier for both construction and operations/main-
tenance.



ReneWables PoRTfolIo sTanDaRD

neXT 1050

The economic Impacts of California’s Major Climate Programs on the san Joaquin Valley 

POTENTIAL ECONOMIC 
IMPACTS OF RENEWABLES 
PORTFOLIO STANDARD 
THROUGH 2030
The potential range of economic and job impacts in 

the Valley from renewable deployment will depend 

on a number of factors, related to policy, market and 

technology developments.  as a threshold matter, the 

impacts will largely depend on the how much renew-

able energy is built in the Valley. The RPs Calculator 

allows for different “build-out” scenarios based on a 

range of variables presented by the California Public 

Utilities Commission. The build-out projections for 

the default scenario are presented in figure 11. The 

results are presented by superCReZ boundaries, 

which are used to organize renewable energy poten-

tial and transmission costs represented in the RPs 

Calculator Version 6.0+. In order to incorporate re-

newable resource potential throughout the state, su-

perCReZs were developed by expanding the CReZs 

created in the ReTI (Renewable energy Transmission 

Initiative) stakeholder process.

The san Joaquin Valley includes a small part of the 

solano CReZ, and most of los banos, Westlands, and 

Central Valley north. The Tehachapi region encompass-

es the eastern part of Kern County. figure 11 shows 

potential throughout the state with the Valley topping 

the list in Tehachapi and solano, and additional po-

tential in los banos, Westlands, and Carrizo north. 

FACTORS AFFECTING 
BUILDOUT OF RENEWABLES 
IN THE VALLEY
a number of factors will continue to impact the future 

FIGURE 11  2016 RPS Portfolio: Default Scenario (New Capacity by 2026) Solar Resources 
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of renewables development in the san Joaquin Val-

ley. These factors include: 

•	The amount of new renewable deployment that 
occurs in-state versus out-of-state or in other 
regions of the state
If California decides to more aggressively expand 

its grid footprint throughout the western region, 

either through expanded renewable markets or 

through merging with other grid operators (as CAI-

SO	recently	proposed	with	PacifiCorp),	more	of	the	

renewable energy may be generated out-of-state. 

These facilities could provide energy at different 

times, given differing times of solar insolation and 

wind availability across the west. California may 

also identify new, inexpensive renewable resources 

in other regions of the state, which would lessen 

the demand to build in the Valley. A recent CAISO 

study indicated that the results of a multi-state 

grid could be largely positive for the San Joaquin 

Valley as long as the current renewable procure-

ment rules (categories 1, 2, and 3) stay intact.  The 

three categories refer to minimum and maximum 

renewable energy products that utilities draw from 

to	comply	with	the	RPS.	The	first	category	requires	

renewable energy delivered to a California balanc-

ing authority without substituting electricity from 

another source (utilities must acquire 75 percent 

of their total RPS products from this category 

after 2016); the category bucket covers renewable 

resources that cannot be delivered to a California 

balancing authority without substituting electricity 

from another source (limited to not more than 10 

percent after 2016); and the third category allows 

other eligible renewable energy products, such 

as unbundled renewable energy credits (RECs) 

(limited to no more than 10 percent after 2016). Ac-

cording to the study, if procurement rules change 

that result in higher imports of renewables from 

out-of-state, California in general, and the San Joa-

quin Valley in particular, would see far fewer direct 

jobs and far less regional investment associated 

with renewable energy development.113

•	The ability of California to export surplus 
renewables out of state 
As the flip side of grid integration across the 

western region of the United States, coupled 

with more states adopting renewable energy 

policies, California renewable generators may 

provide market opportunities to export sur-

plus renewable energy to out-of-state markets. 

At certain times of the year, the state already 

generates surplus solar power, beyond in-state 

demand. Barring increased in-state demand or 

cost-effective energy storage to harness that 

surplus power, the state may seek ways to export 

that power out-of-state.

•	Potential technology improvements and cost 
decreases 
If solar panel developers greatly improve the 

efficiency of solar panels or invent new, cheaper 

renewable energy technologies (or improve ex-

isting ones), the amount of money invested in re-

newables in the Valley could change significantly.  

This potentially reduced investment could entail 

reduced per megawatt job hours and economic 

impacts (while also saving ratepayers in the pro-

cess). Otherwise, in terms of technology mix, the 

current trajectory indicates that approximately 

95 percent of new renewable deployment is 

likely to be solar PV (discussed below).

•	Increased	future	energy	efficiency	savings 
With California committed to doubling the 

energy efficiency of buildings, the state could 

potentially see less demand for electricity by 

2030, particularly if new financing models are 
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introduced and new technologies help improve 

energy consumption on common appliances and 

structures (as LED bulbs improved the energy 

consumption of lighting). However, population 

increase and the increase in consumer goods 

requiring electricity may make this goal elusive.

•	Electrification of transportation increasing 
energy demand  
As the state moves to electrify most of its trans-

portation, including primarily passenger vehicles 

but also more goods movement and rail transit 

and high speed rail, the shift from petroleum to 

electricity as a fuel will add to the state’s overall 

electricity demand. Meeting this demand may 

require much more renewable deployment than 

currently projected.

•	Cost decreases and greater deployment of 
energy storage technologies  
Given that much of the state’s renewable energy 

is intermittent (since the sun does not always 

shine nor the wind always blow), energy stor-

age technologies could capture surplus power 

for later dispatch. Currently, while the price of 

many energy storage technologies like batter-

ies is decreasing, it may not be cost effective to 

store bulk amounts of renewable power for long 

time periods. But as costs continue to fall and 

technologies improve, the state may be able to 

rely on these technologies to meet significant 

portions of the demand. As a result, renewable 

power could become more cost-effective and 

able to penetrate at greater percentages than 

50 percent, and sooner than 2030. The effect 

could result in potentially more in-state renew-

ables in the Valley.

Despite the multitude of factors that could affect 

deployment through 2030, we can make rough 

estimates of the potential Valley deployment of 

renewables by 2030. statewide, the California Public 

Utilities Commission RPs calculator has a range of 

approximately 26,000 MW to 33,500 MW of installed 

capacity expected (and needed) by 2030. Taking the 

average, we can envision 29,750 MW of installed in-

state renewable capacity by 2030.114 The additional 

in-state capacity that would therefore be built under 

this assumption is 11,850 MW (above the existing 

17,900 MW in-state at the end of 2015, based on 

California energy Commission data showing 23,100 

MW by Dec 31, 2015 with 5,200 MW out-of-state).115  

We also assume, based on the California Public 

Utilities Commission RPs calculator, a predominate 

mix of solar PV with some wind to meet this 2030 

goal. Comparing the default RPs calculator mix from 

2016 to 2030, solar PV is projected to constitute 

more than 95 percent of the technology deployment 

going forward through 2030, with wind at about 4 

percent and biogas at 1 percent.116 We therefore as-

sume 95 percent solar PV deployment and 5 percent 

wind, while acknowledging that other technologies 

may play a much more significant role in the future 

deployment (as discussed above).

To determine the potential range of megawatt 

deployment in the Valley by 2030, we calculate a 

baseline of 3,673 additional megawatts of renew-

able energy from 2016 through 2030, assuming the 

current deployment trajectory continues. This num-

ber represents 31 percent of the additional 11,850 

MW needed statewide to reach the 29,750 MW total 

to meet the 50 percent RPs.117 This percentage is 

the same ratio of renewables currently deployed in 

the san Joaquin Valley (5,607 MW out of the cur-
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rent 17,900 MW cumulative statewide deployment 

through 2015).118 of those, this scenario assumes 

3,489 MW will be solar PV and 184 MW will be wind.

If we assume the Valley receives a mid-range 

estimate of 60 percent of the additional 11,850 MW 

needed statewide to reach the 29,750 MW total, up 

from 31 percent under business-as-usual, the Valley 

could potentially receive an additional 7,110 MW 

through 2030. of those, 6,754 MW would be solar 

PV and 356 MW will be wind, under the projected 

technology mix described above.

If the Valley receives an ambitious estimate of 90 

percent of the additional 11,850 MW potentially 

needed statewide to reach the 29,750 MW total, the 

Valley would therefore receive an additional 10,665 

MW through 2030.  of those, 10,132 MW would be 

solar PV and 533 MW will be wind.

The cost of this deployment to the Valley, in terms 

of economic impacts, jobs, and ratepayer impacts, 

will depend on a number of factors:

•	The increase in electricity costs for Valley 
consumers as a result of costs of renewable 
technologies
While solar PV prices continue to decline, the 

cost compared to traditional generation as-

sets from fossil fuel-based power will ultimately 

determine much of the ratepayer impacts. In ad-

dition, given the intermittency issues described 

above, ratepayers may face increased costs 

(higher utility bills) if the state is not able to 

integrate this energy smoothly through demand 

shifting, energy storage, and an expanded grid. 

Furthermore, these costs will vary depending 

on whether the renewable resources are located 

in-state versus out-of-state. Meanwhile, because 

Valley residents generally use more energy per 

capita than residents of other parts of the state, 

these price increases will likely affect them 

more. 

•	Reduced demand from fossil-fuel-based 
power plants in the Valley
As the Valley and California shift to renewable 

energy, natural gas plants in the Valley may 

decrease output or shut down completely, lead-

ing to job losses and reduced economic output. 

Notably, any reduction would not likely be on 

a “one-to-one” basis, given the intermittent 

nature of renewables compared to natural gas-

fired power plants’ output.

The benefits of this renewable deployment also de-

pend on a number of factors:

•	The amount of renewables and related transmis-
sion infrastructure built in the Valley compared 
to the rest of the state and the region
As	discussed	above,	a	significant	percentage	of	
renewables in the state is poised to be built in the 
Valley,	or	close	enough	to	it	to	benefit	the	region	
economically.  However, to the extent that future 
does not materialize, or that the jobs created tend 
to	benefit	out-of-region	workers	more,	these	ben-
efits	will	diminish.

•	The number and quality of jobs 
As described above, renewable technologies 
are becoming less expensive and potentially less 
job rich. While deployment will likely increase, 
the payoff per megawatt may not be as great, or 
significant	enough	to	offset	job	losses	in	fossil	fuel	
industries. We do not expect direct construction 
labor costs to decline much, however.

•	Public	health	and	other	co-benefits 
The increased reliance on clean energy sources 
may decrease localized air pollution in the Val-
ley, resulting in public health improvements and 
economic cost savings from reduced health care 
expenditures and loss of productivity.
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overall, given the region’s prime location for solar 

exposure (‘insolation’) and wind resources (particu-

larly in eastern Kern County), the low transmission 

costs from the region, the state’s ambitious renewable 

goals and the likely increasing need for electricity for 

the transportation sector, the Valley is likely better 

positioned than other parts of the state to benefit 

economically from renewable deployment through 

2030. The RPS-caused jobs and economic benefits to-

date are likely to continue and increase as the state 

deploys more renewable energy through 2030.
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E N E R G Y 
E F F I C I E N C Y
In recent decades, state policymakers have charted an 
ambitious course for building a clean energy economy, 
with energy efficiency as a key strategy. California’s 
first Appliance Efficiency Regulations were established 
in 1976 in response to a legislative mandate to reduce 
California’s energy consumption.119 In 1978, California 
adopted a groundbreaking set of mandatory building 
energy efficiency standards.120 The California Energy 
Commission estimates that California’s building and ap-
pliance standards have saved consumers billions in elec-
tricity and natural gas costs and averted the construc-
tion of new power plants.

In 2003, energy efficiency was identified as the highest pri-
ority resource to meet California’s energy demands under 
the 2003 Energy Action Plan,121 which outlined a loading 
order that was later cemented in SB 1037 (Kehoe, 2005).
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a major component of California energy efficiency 

programs has consisted of utility rebate and incentive 

programs. financial support for these programs be-

gan in 1996 with a “Public Goods Charge” on inves-

tor-owned utility (IoU) bills,122 but since 2012 fund-

ing has been provided through energy procurement 

funds from IoU ratepayers.123 The more Californians 

are able to reduce energy usage through efficiency, 

the less we will have to pay for the generation and 

transmission of electricity. IoU revenues are decou-

pled from sales, so that the IoUs have no incentive to 

sell more energy, and in fact, they have an incentive 

to increase savings from their efficiency efforts due 

to the energy savings Performance Incentive, where 

utilities can earn a profit based on efficiency perfor-

mance. The state’s IoUs, directed by the California 

Public Utilities Commission, administer about $1 

billion per year state energy efficiency incentives and 

rebate programs serving the residential, commercial, 

industrial, and agricultural sectors.124   

The success of these efforts is unambiguously 

evident throughout the state. Combining efficiency 

gains from codes and standards, efficiency programs, 

and market and price effects, the cumulative annual 

efficiency and conservations savings for electric-

ity were estimated to reach nearly 70,000 gigawatt 

hours (GWh) by 2013.125 building on this success, sb 

350, passed in 2015, mandated a doubling of energy 

efficiency by 2030.  

The san Joaquin Valley is one of the hottest regions 

of the state, and per capita electricity use is higher 

than the California average. Therefore, the require-

ments in sb 350 and other statutes and regulations 

to promote energy efficiency have special signifi-

cance for the Valley, where there remains enormous 

efficiency potential. 

BEYOND 2020
ab 758 (skinner, 2009)126 addressed the need to low-

er emissions through reduced energy consumption in 

existing buildings and directed the California energy 

Commission to adopt the existing buildings energy 

efficiency action Plan (ebee action Plan). The goal of 

the september 2015 plan is to double energy sav-

ings in California’s buildings, which is equivalent to 

a 17 percent reduction in statewide building energy 

use by 2030 compared to projected levels of usage. 

The plan predicts that implementation of the energy 

efficiency program will stimulate an $8 billion per 

year efficiency marketplace.127 The plan should help 

achieve sb 350’s goal of doubling energy efficiency 

by 2030. What remains unknown is the pathway Cali-

fornia will take to achieve these goals. Where will the 

state direct its energy efficiency investments? Who 

will benefit? What types of jobs will be created from 

those investments?
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Economic Impact of IOU 
Energy Efficiency Programs 
in the San Joaquin Valley
about three quarters of san Joaquin Valley’s electri-

cal load is served by the two largest investor-owned 

utilities (IoUs). Pacific Gas and electric (PG&e) pro-

vides service in the northern part of the region, and 

southern California edison serves the southern por-

tion. Most of the region receives both gas and electric 

service from these two utilities. The region is also 

served by four publicly owned utilities (PoUs). These 

include lodi electric Utility, Merced Irrigation District, 

Modesto Irrigation District, and Turlock Irrigation Dis-

trict.128 These PoUs also administer energy efficiency 

programs, but they are small and we didn’t include 

them in this analysis.  

This section estimates the effects of the investor-

owned utility energy efficiency programs in the 

san Joaquin Valley. The IoUs represent the largest 

consolidated source of funding for energy efficiency 

in the state. Restricting our analysis to the IoU pro-

grams allows for a closer look at the regional impacts 

of the state’s efficiency efforts.  

energy efficiency is the gift that keeps on giving. 

Investments made in energy efficiency equipment 

save energy and money over the life of the equip-

ment, which is typically 12-15 years, with some light-

ing measures lasting fewer years and some insulation 

and HVaC measures lasting longer. Many efficiency 

investments save more money than they cost. The 

IoUs manage a portfolio in which the avoided costs 

(or a narrowly defined suite of benefits) of efficiency 

exceed the upfront investment. This “cost effective-

ness” has been a guiding principle of California’s 

energy efficiency programs. 

Cost effectiveness is measured in several ways. The 

“Total Resource Cost” (TRC) test measures the costs 

and benefits from the perspective of the Program ad-

ministrator (IoUs) as well as the customers. However, 

the costs and benefits are not balanced in California’s 

test, which is the subject of current discussion at the 

CPUC. In 2010-15, the TRC for the IoU portfolio was 

1.32, meaning that for every dollar spent, ratepayers 

saw $1.32 in avoided costs. from 2010-2015, the IoU 

statewide portfolio of programs spent $6.2 billion, 

resulting in combined gas and electric benefits of 

$8.6 billion.129

COSTS AND BENEFITS OF 
ENERGY SAVINGS IN THE SAN 
JOAQUIN VALLEY
from 2000 to 2011, the IoU efficiency programs were 

funded primarily by a Public Goods Charge (PGC)—a 

surcharge on customer bills. since 2012, electric-

ity procurement dollars (Peeba) and a gas public 

purpose charge fund these efforts. To estimate a net 

economic impact of the IoU efficiency programs, we 

need to estimate what share of this funding is col-

lected from customers in the Valley.

because of the complex rate structure, it is not easy 

to estimate the funds collected by region. Instead, 

we assume that the Valley contributes as much to 

the IoU energy efficiency programs as its share of 

IoU energy use (14.3 percent combined electricity 

and natural gas) ,130 and compare that to the share of 

benefits coming back to the Valley from the pro-

grams, in the form of financial incentives for energy 
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efficiency. Over the period 2010-15, the IOUs col-
lected a total of $4,635 million. Assuming then, that 
the Valley contributed 14.3 percent, they would 
have collected $662 million from Valley customers 
for IOU energy efficiency programs. Over that pe-
riod, program expenditures totaled $4516  million.  
Unspent funds were applied to future programs or 
returned to ratepayers.131,132  So, Valley customers 
were responsible covered approximately $646 mil-
lion of the $4516 portfolios from 2010-15.

Based on CPUC data from 2010-15 program years, 
the Valley received about 12 percent of the total 
rebates and incentives, totaling $257 million. This 
$257 million, however, doesn’t represent all of the 
spending coming back into the region. The CPUC 

TABLE 25a  California Investor Owned Utility Energy Efficiency Programs, Costs (2010-15)

Region Sum of TOTAL 
IOU energy 
consumption 
(GWh)*

Share of  
IOU Energy 
Consumption 
(combined gas 
and electric)

Estimated 
Funding 
Collected from 
Ratepayers 
($ million)*

Total 
Customer 
Costs*^ 
($ million)

Total Costs 
(Ratepayer + 
Customer) 
($ million)

Share 
of Total 
Costs

CENTRAL COAST  203,317 6.8%  $307  $145  $452 6.5%

DESERT  352,351 11.7%  $528  $418  $947 13.6%

NORTH COAST  54,098 1.8%  $81  $33  $115 1.7%

SACRAMENTO 
VALLEY

 125,524 4.2%  $190  $91  $281 4.0%

SF BAY  733,636 24.4%  $1,102  $473  $1,575 22.7%

SIERRA NEVADA  44,524 1.5%  $68  $35  $103 1.5%

SAN JOAQUIN 
VALLEY

 430,416 14.3%  $646  $288  $934 13.5%

LOS ANGELES  1,059,522 35.3%  $1,594  $936  $2,530 36.5%

(BLANK)  –  0.0%  $-    $66  $66 1.0%

TOTAL 
STATEWIDE

 1,177 100.0%  $4,516  $2,486  $6,936  

reports that the region received $558 million in total 
program expenditures.133 The difference between the 
total expenditures and the incentive expenditures 
include the implementation, administrative, market-
ing, and other expenses associates with administer-
ing these programs. While the $257 million is tracked 
by specific project and customer, the non-incentives 
expenditures are calculated rather than tracked. The 
CPUC allocates these non-incentive expenditures to 
projects based on the electric and gas benefits they 
deliver, so a project with higher lifecycle energy sav-
ings shows higher expenditures. In effect, location, 
sector, and lifecycle of each measure will skew the 
expenditure calculation: the higher the estimated 
lifecyle savings, the greater the calculated expendi-
tures for that project.134 
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TABLE 25b  California Investor Owned Utility Energy Efficiency Programs, Benefits (2010-15)

Region Sum of Total 
Incentives** 
($million)

Share 
of IOU 
Incentives

Total IOU 
Expenditures 
(Incentives + 
Program Costs) 
($million)

Total 
Customer 
Investment 
($million)

Total IOU + 
Customer 
Investment 
($million)

Share 
of Total 
Investment

CENTRAL COAST  $141  6.6%  $266   $145   $411 6.3%

DESERT  $380  17.7%  $696  $418  $1,114 17.1%

NORTH COAST  $31 1.5%  $74  $33  $107 1.6%

SACRAMENTO 
VALLEY

 $66 3.1%  $144  $91  $235 3.6%

SF BAY  $384 17.9%  $836  $473  $1,309 20.1%

SIERRA NEVADA  $27 1.3%  $61  $35  $96 1.5%

SAN JOAQUIN 
VALLEY

 $257 12.0%  $558  $288  $846 13.0%

LOS ANGELES  $796  37.0%  $1,450  $936  $2,386 36.7%

(BLANK)  $67  3.1% 432  $66  $498 7.7%

TOTAL 
STATEWIDE

 $2,149  $2,367  $4,516  $2,420  $6,504  

*^ This is the incremental customer cost, calculated as 
the difference between the total resource cost and the 
program administrator cost

** Estimated based on region’s share of IOU energy 
(combined electricity and gas) consumption

*** Total incentive paid including rebates, direct install 
labor costs, direct install materials, and incentives to others.

**** Program-level costs are allocated based on the 
avoided costs (i.e. the ElecBen + GasBen). This includes 
Market&Outreach, Implementation, Administrative, 
Overhead, and  EM&V.

***** Total ratepayer funds incurred to run the program. 
Total expenditure = Weighted Program Costs + Incentives. 
This is different from (higher than) the reported Program 
Administrator Cost (PAC).
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To evaluate the costs and benefits to the san Joa-

quin Valley of the IoU energy efficiency programs, 

we compared the percent of annual IoU electricity 

use in the Valley to the percent of annual energy sav-

ings and expenditures in the region (see Table 25).

We also calculated the cost effectiveness ratios for 

the region and compared to other regions in Califor-

nia (see appendix a: California Counties by Region 

for our categorization of regions). In 2010-15, the 

Total Resource Cost (TRC) for the IoU portfolio was 

1.32, meaning that for every dollar spent, ratepayers 

saw $1.32 in avoided costs. for the san Joaquin Val-

ley, the TRC was 1.50. over that period, the region 

realized $993 million in electricity benefits and $190 

million in gas benefits. The total resource cost test is 

shown in figure 12.

The Program administrator Cost (PaC) test mea-

sures the ratio of benefits to total program adminis-

trator costs and is the best comparison to understand 

the cost of ee as compared to the cost of the equiva-

lent amount of conventional power the utility would 

FIGURE 12  Total Resource Cost Test (Avoided Costs/Total Costs)
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have had to purchase to serve its customers. In 2010-

15, the PaC for the Valley was 2.37. 

Comparing the TRC and PaC for the san Joaquin 

Valley to other regions shows that investments in the 

Valley are more cost-effective than average. In fact, 

in a region-to-region analysis, the Valley is the most 

cost-effective region in the state for saving energy. 

for total combined IoU and customer spending of 

$788 million, energy efficiency investments in the 

region resulted in benefits and avoided total costs of 

$1,183 million, for net benefits of the Valley efficien-

cy projects of $311 million.

Residential energy sales in the Valley were 10.3 

percent of the IoU total residential gas and electricity 

sales, but the Valley accounted for only 8 percent of 

the residential efficiency expenditures. In both the res-

idential and non-residential sectors, the Valley region 

uses a slightly higher share of the IoU energy than it 

receives back in efficiency program expenditures.

However, the energy efficiency program expendi-

tures do not reflect the low-income efficiency pro-

Source: Authors’ analysis based on data from the California Public Utilities Commission
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TABLE 26  Cost Effectiveness Tests and Net Benefits of IOU EE programs by Region, 2010-15

TABLE 27  IOU Energy (combined electricity and natural gas) Sales and Efficiency Expenditures in 
                 the San Joaquin Valley, as a percent of IOU total (2010-15)135

Region Total Electric and 
Gas Avoided Costs ($million)

TRC PAC Net Benefits (Total Avoided Costs 
minus Total Costs) ($million)

CENTRAL COAST  $521 1.36 2.19  $18 

DESERT  $1,201 1.26 2.24  $136 

NORTH COAST  $128 1.29 1.93  $1 

SACRAMENTO VALLEY  $276 1.25 2.13  $68 

SF BAY  $1,831 1.49 2.44  $453 

SIERRA NEVADA  $97 1.07 1.77  $(33)

SAN JOAQUIN VALLEY  $1,182 1.50 2.37  $311 

LOS ANGELES  $2,607 1.20 2.11  $385 

(BLANK)  $269 1.23 1.76  $(229)

TOTAL STATEWIDE  $8,113 1.32 2.21  $1,177 

Sector Valley sales as a percent of 
statewide IOU sales*

Valley as a percent of statewide IOU 
efficiency	expenditures**

Residential 10.3% 8%

Non-Residential 17.1% 16%

Total 14.3% 12.4%

*based on 2010-15 data provided by the California Energy Commission 

** based on 2010-15 data from California Public Utilities Commission
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grams. Residential customers in the region have been 

served disproportionately well by the low-income 

energy efficiency programs. In 2015, the Valley was 

home to 26.5 percent of the households eligible 

for the energy savings assistance program (esaP) 

in 2015, but received far more (35.4 percent) of the 

statewide service (see Table 28).136 The dispropor-

tionately low residential expenditures in the main 

energy efficiency portfolio, are at least partially offset 

by the relatively high penetration of service delivery 

for low-income residents.

In the PG&e service area, 7.2 percent of eligible 

households in the Valley provided esa services in 

2015, compared with only 5.4 percent PG&e-wide.137 

In 2015, almost 35,000 households in the PG&e part 

of the san Joaquin Valley were served by the esa 

program, and the average first year bill savings for 

these households was $66.22, totaling $2.3 million 

in savings in 2015, and an estimated $22.2 million 

over the life of the installed measures ($636.75 per 

household). 

low-income households in the southern California 

edison (sCe) part of the Valley were also served bet-

ter than average, 3.5 percent of eligible households 

received services compared to 3.2 percent for the util-

ity’s region as a whole. In 2015, about 3700 sCe house-

holds in the Valley were provided esa services, and the 

average first year bill savings for these households was 

$76.89, totaling close to $300K in bill reductions in 

2015, and an estimated $3.5 million over the life of the 

installed measures ($945.66 per household). 

If we look at both regions combined, 6.6 percent of 

eligible customers in the Valley were served by esa, 

compared to 4.4 percent of eligible customers in the 

PG&e and sCe regions as a whole. These programs 

saved almost 40,000 Valley low-income households 

about $2.6 million in 2015.

ESTIMATED EMPLOYMENT 
IMPACTS OF IOU ENERGY 
EFFICIENCY PROGRAMS 
THROUGH 2006-2015
The money saved, and re-spent on non-utility pur-

chases, induces employment benefits in the local 

economy. In addition, efficiency investments create 

direct installation and indirect supply chain jobs. These 

workers spend money they earn thus inducing even 

more jobs in the local economy. 

based on a wide review of literature on energy ef-

ficiency job impacts161, and research calculating total 

cost of saved energy from the lawrence berkeley 

national lab151, we found that these energy efficiency 

programs in the Valley created up to 6,660 direct job 

and 10,730 indirect and induced jobs in the region, 

for a total of 17,390 jobs created between 2006-2015.

TABLE 28  San Joaquin Valley as a Percent of Eligible and Served Households,
                 Low-Income Energy Efficiency (Energy Savings Assistance Program), 2015

Percent of Statewide Households Eligible for ESAP Percent of Statewide Households Served by ESAP

26.5% 35.4%

Source: Authors’ analysis based on ESAP monthly reports submitted by the IOUs
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TABLE 29  San Joaquin Valley, Estimated Electricity Energy Efficiency Savings (in Annual GWh), 
                 2006-2015

TABLE 30  Energy Efficiency Employment and Economic Impact, San Joaquin Valley, 2006-2015

Sector Valley IOU electricity 
energy savings (Net GWh)

Total IOU electricity energy 
savings (PG&E, SCE, 
SDG&E) (Net GWh)

Valley savings as a percent 
of statewide IOU EE 
Expenditure

Residential 208 3758 5.5%

Non-residential 1,483 8560 17%

Biomass 750 6,521 11.5%

Small Hydro 377 1,405 26.8%

Solar Thermal 357 634 56.3%

Total 1,691 12,318 13.7%

Sector Net GWh Direct 
jobs

Indirect + 
induced jobs

Total jobs Estimated investment in EE 
projects ($ Million)

Residential 207 940 810 1,750 $114

Commercial 750 2,890 4420 7,310 $842

Industrial/Ag 734 2,830 5500 8,330 $420

Total 1,691 6,660 10,730 17,390 $1,376
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METHODOLOGY
To estimate the direct (installation) job creation of en-

ergy efficiency, we estimated total upfront investment 

in efficiency relying on levelized cost of saved energy 

data reported by the lawrence berkeley national lab 

(lbnl).138 The total cost of saved energy is a use-

ful metric to assess costs across different program 

types and different program sectors as it captures 

the full cost, i.e. the full system-wide investment in 

the efficiency resource by all parties, and controls for 

the different lifespans of different energy efficiency 

equipment.139 To translate this investment into job 

estimates, we reviewed a wide range of literature 

including both bottom-up job studies on energy 

efficiency programs, and top-down (input-output 

models) estimating efficiency jobs per million dollar 

investment.140 We organized these findings by sector. 

Using cost and savings data, we calculated employ-

ment multipliers by sector to estimate jobs per giga-

watt hour (GWh) saved. 

To calculate the GWh savings in the Valley, we used 

California Public Utilities Commission data on the en-

ergy efficiency programs undertaken by the investor-

owned utilities.141 We used the net electricity saved 

(GWh), which captures the energy savings attribut-

able to the investor-owned utility efforts. for the 

years prior to 2010, geographical information was not 

readily available, so we projected backward based on 

2010-15 geographic distribution to estimate savings 

in the Valley from 2006-2009. We also referenced 

program cycle evaluation reports available from the 

California Public Utilities Commission.142

EMPLOYMENT RESULTS
between 2006 and 2015, the investor-owned utilities 

saved 12,300 annual GWh throughout their service 

area.143 The total annual electricity savings, by sector, 

in the Valley from investor-owned utility programs 

between 2006-2015 are shown in Table 29.

We estimate that from 2006-2015, 6,660 direct 

job years and 10,730 indirect and induced job years 

were created in the Valley, for a total of 17,390. We 

estimate that the total ratepayer and private invest-

ment in energy efficiency projects achieved in the san 

Joaquin Valley between 2006-2015 was $1.4 billion. 

This is based on the total cost of saved energy esti-

mates.144

over the past 10 years, the investor-owned utility 

efficiency programs have saved san Joaquin Valley 

businesses and residents 1691 annual GWh. Given 

average effective useful lives, this will save the region 

about 20,500 GWh in total.
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POTENTIAL ECONOMIC IMPACTS OF ENERGY 
EFFICIENCY INVESTMENTS THROUGH 2030
Generally, economists consider energy efficiency 

investments to be among the most cost-effective car-

bon-saving measures at our disposal. This effective-

ness is due to the relatively quick payback from these 

investments, as up-front investments in more efficient 

technologies result in reduced utility bill payments. 

for ratepayers, the reduced energy usage can trans-

late to less need for utility investment in new energy 

generation assets, with those avoided costs accruing 

to ratepayers. as long as these avoided costs con-

tinue to exceed up-front costs, efficiency efforts will 

continue to provide positive economic benefits in the 

Valley and throughout California. factors that would 

influence future impacts include:

•	Amount of energy use reduction achieved by 

the efficiency investments and the extent to 

which those savings will be re-spent in the local 

economy (with corresponding attention to the 

differential in multipliers between money spent 

on energy bills and money spent in the local 

economy);

•	Number and quality of jobs created in the Valley 

from energy efficiency investments

•	Amount of outside, capital market investment 

that	could	flow	to	the	Valley	for	efficiency	invest-

ments, particularly based on SB 350’s directive 

to encourage more pay-for-performance energy 

efficiency	finance;

•	IOU and POU efficiency programs serving Valley 

customers and the pay and benefits associated 

with those jobs, which effect economic multi-

plier impacts;

•	Potential public health benefits associated with 

decreased emissions from Valley generation as-

sets.

estimating the potential energy efficiency savings 

in the Valley through 2030 with precision requires 

additional information and analysis, particularly as 

California’s energy agencies are still determining 

how to implement sb 350 and what target savings 

are needed by 2030 to achieve the law’s goals. If the 

rate of annual energy savings from efficiency projects 

in the Valley were to remain constant through 2030, 

the Valley would continue to see job and economic 

benefits. a doubling of energy efficiency in the Valley 

would presumably increase these benefits, particu-

larly if investments from outside the Valley increase.



J O B  Q U A L I T Y
When evaluating regional costs and benefits of climate 
policy, it is important to consider not only job numbers, 
but the quality of those jobs. As climate policy leads to 
shifts in spending, there could be a negative impact on 
employment in carbon-intensive industries and a posi-
tive impact on employment in low-carbon industries. It 
is important to consider the job quality implications of 
these direct employment impacts and to design policy 
to reduce the loss and increase the creation of good-
paying jobs. This is particularly important for climate 
policy because in general, the carbon-intensive indus-
tries have higher average wages and benefits than 
emerging “green” industries, like rooftop solar.

In addition, broadening access to career-track jobs for 
workers from disadvantaged communities is a critical 
policy and political concern. The most common form of 
successful initiatives to increase access to good career 
track jobs for workers from disadvantaged communities 
are project labor agreements which include local or tar-
geted hire provisions, commonly known as community 
workforce agreements (CWAs).145 Such interventions are 
dependent on the engagement of contractors whose 
workers participate in the state-certified apprenticeship 
system, which provides specific hiring mechanisms and 
a defined job ladder, so workers move up the pay scale 
as they develop skills. In the low-carbon industries, this 
approach is being promoted in the manufacturing sec-
tor via procurement policies for rail and transit capital 
equipment.146
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Cap and Trade Employment
Due to the large investment in high-speed rail and 

other construction activities, the construction industry 

stands to gain the most from California’s cap-and-

trade policy. When construction activities are funded 

by state public money, the work is governed by the 

state’s prevailing wage law which covers blue collar 

construction jobs.147 California’s prevailing wage laws 

ensure that the ability to get a public works con-

tract is not based on paying lower wage rates than a 

competitor and that public investment does not lead 

to downward pressure on area construction wages. 

California public labor code also requires that a mini-

mum specified share of the workers be apprentices 

enrolled in state-certified apprenticeship programs. 

This system ensures that the public works construc-

tion jobs resulting from cap and trade will provide 

family-supporting pay and benefits to workers. The 

apprenticeship requirement ensures that a future 

generation of skilled construction workers will receive 

training hours on these projects.  

In general, the negative effects of cap and trade 

are contained to a small number of industries, 

whereas the benefits are more widespread through-

out the regional economy. still, the quality of the 

jobs in these industries should be considered. In 

general, jobs associated with fossil fuel extraction, 

refining, and power generation have higher wages 

and benefits. If they decline in number, their loss will 

inflict hardship for the workers and their families. 

overall, there is a significant net gain in jobs due to 

cap and trade, and continued investment in com-

munities of state revenue from the public auction will 

help ensure that many of the jobs created are good 

family-supporting jobs.
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Renewable Energy Employment
because most of the large-scale renewable energy 

projects were built under negotiated Project labor 

agreements (Plas), the blue-collar construction jobs 

compensated workers with union-scale (often equal 

to the prevailing wage) wages and benefits.148 To esti-

mate these benefits for the Valley, we assume  that all 

of the projects greater than one megawatt and only 

the public projects (community colleges, universities, 

municipalities, etc.) were built under Plas. a recent 

paper exploring the job quality of these blue-collar 

renewable construction jobs reports that in addition 

to union-wages of almost $37 per hour, the value of 

benefits is more than $18 per hour.149

These benefits include comprehensive training 

through state-certified apprenticeship programs for 

entry-level workers. Registered apprenticeship train-

ing includes several years (varies by trade) of class-

room and paid on-the-job training. Using the same 

methodology, we estimate that renewables projects 

in the Valley were responsible for the graduation to 

journey status of 360 apprentices between 2002-

15, as shown in Table 31. The robust apprenticeship 

training increases lifetime earnings of workers, as 

they advance in their careers as union journey work-

ers150 This is significant in a region with higher rates 

of poverty and lower median income than the state 

average.

Table 32 shows the value of worker benefits from 

these renewable projects built in the Valley.  These 

Valley projects have helped fund $13.5 million in ap-

prenticeship training, pension contributions totaling 

$98 million to workers in the Valley, and health insur-

ance contributions totaling $115 million for workers 

and their families.

TABLE 31  Estimated graduated apprentices from renewable energy construction projects in
                 the San Joaquin Valley, 2002-15

Projects Blue-collar 
construction 
job-years

Apprentices Apprentice 
job-years

Years to 
complete 
apprenticeship

Number of 
apprentices 
in training

Number 
who 
graduate

Solar PV (1 MW) 172 9%* 15 4.5 3 2

Solar PV 
(>1 MW)

5,805 33% 1,916 4.5 426 298

Wind, Biomass, 
Hydro, and Solar 
Thermal

1,463 20% 293 3.5 84 59

TOTAL 7,440  2,224 513 359

*28 percent of the solar PV projects under 1 MW were on public facilities, so we are assuming those jobs 
utilized union labor and apprentices. 
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TABLE 32  Estimated contributions to benefits of renewable energy projects in
                 the San Joaquin Valley, 2002-15

Projects Union job hours 
(2080 hours per 
job-year)

Training 
contribution 
(2015 dollars)

Pension 
contribution 
(2015 dollars)

Health insurance 
contributions 
(2015 dollars)

Solar PV 12,174,000 $10,780,000 $78,442,000 $92,328,000

Wind 2,264,000 $1,997,000 $14,530,000 $17,103,000

Biomass, Hydro, 
and Solar Thermal

779,000 $687,000 $4,998,000 $5,884,000

TOTAL 15,217,000  $13,464,000 $97,970,000 $115,315,000

Energy Efficiency Employment 
The state’s energy efficiency programs also support 

significant employment gains in the construction sec-

tor. Two-thirds of energy efficiency jobs are in construc-

tion activities.151 For the energy efficiency sector, there 

is very little specific information on wages and benefits 

for workers engaged on retrofit projects, as govern-

ment construction industry data does not differentiate 

energy efficiency work, and in general, energy efficiency 

programs do not track job quality. Energy Efficiency 

investments in the public sector, including IoU funded 

programs, Prop. 39 programs and others, are subject 

to prevailing wage laws and apprenticeship standards, 

ensuring the creation of career-track jobs.  We expect 

that residential energy efficiency in the SJV has similar 

conditions as other residential construction, which tends 

to have low wages and some underground economy 

characteristics.152

Currently, there are no labor standards governing the 

investment of ratepayer energy efficiency funds. The 

CPUC charged the IoUs with considering appropriate 

labor standards for the energy efficiency programs, and 

in 2013, it hired the UC berkeley Donald Vial Center (also 

a co-author of this report) as an expert entity to provide 

recommendations for improving workforce outcomes 

in the energy efficiency programs.153  In considering the 

most likely costs and benefits of a wide range of labor 

standards, a series of practical recommendations that 

would improve both workforce and efficiency outcomes 

were provided to the IoUs.154 

There remains significant opportunity to improve job 

quality in California’s energy efficiency efforts. Consoli-

dating program revenue to address key sectors, such 

as the municipal, university, school, and hospital sector 

would help, as would a responsible contractor policy, 

required by sb350 (deleon, 2015) to ensure that com-

panies participating in this work meet basic criteria in 

regards to labor law compliance and workforce skill. 

as the energy savings opportunities require more 

advanced knowledge of building systems and how 

systems interact, a higher skill requirement could help 

ensure California is on track to double the efficiency of 

buildings by 2030.



C O N C L U S I O N 
AND RECOMMENDATIONS

The Valley is a microcosm of California’s climate oppor-
tunities and challenges. The cap-and-trade program is 
young, but the economic impact from its first three years 
is promising for the Valley. The region has undoubtedly 
benefitted from California’s renewables portfolio stan-
dard. The net impact of the energy efficiency programs 
is also positive, yet there is potential for greater ben-
efits from future efficiency investments in the region. 
California’s primary climate laws and policies have cre-
ated well-paying jobs in construction and other sectors, 
particularly in the San Joaquin Valley, and the ripple ef-
fects of these jobs are significant. 

While these data and their underlying trends are com-
plex, they are relatively straightforward to analyze. Far 
less easy to measure or diagnose, either for academic 
analysts or state policymakers, are the region’s deep 
vulnerabilities, which reflect and amplify those of Cali-
fornia as a whole.

High rates of concentrated poverty, energy and hous-
ing affordability affect people throughout the state, but 
more so in the San Joaquin Valley. In addition, green-
house gas and co-pollutant emissions disproportion-
ately affect already vulnerable communities. Below are 
some specific recommendations to further improve the 
outcomes of California’s climate policies in the San Joa-
quin Valley and beyond.
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Remove uncertainty regarding key climate pro-
grams like cap and trade beyond 2020. Much of 

the uncertainty around the net economic and jobs 

impacts for the Valley from the state’s cap-and-trade 

program stems from policy indecision related to the 

program’s status beyond 2020, particularly the auc-

tion mechanism for distributing allowances. state 

leaders can address the key factors that underlie the 

uncertainty by resolving the question of cap-and-

trade’s continued existence beyond 2020, as the 

California air Resources board has recently proposed. 

should the state wish to continue the program, the 

legislature should consider codifying these goals with 

a two-thirds majority to avoid Proposition 26 chal-

lenges to the use of the auction. otherwise, while the 

California air Resources board may be able to contin-

ue the current program via existing statutory authority 

or a majority legislative vote, these options will likely 

entail years of litigation and uncertainty.  a two-thirds 

approval would remove that uncertainty immediately.  

In addition, should the program continue beyond 

2020, the state should ensure that auction proceeds 

are disbursed in a timely and predictable manner to 

benefit regions like the Valley that are most harmed 

from climate impacts and to help offset the costs of 

compliance.

Ensure cap-and-trade auction proceeds are spent 
on Valley programs that further greenhouse gas 
reduction benefits and reduce co-pollutants, 
particularly in environmental justice communities. 
should the program continue beyond 2020, state 

leaders should focus these dollars on infrastructure or 

construction projects that support the state’s climate 

goals. Policy makers should also ensure that cap-

and-trade compliance does not exacerbate pollution 

problems in disadvantaged communities, as per sb 

535 (de leon), governing auction proceeds spend-

ing, by allowing pollution “hot spots” in poor com-

munities around facilities that purchase allowances to 

avoid reducing emissions. In addition, as discussed 

above, the state should ensure that the money is 

disbursed in a predictable and timely fashion, to 

minimize the lag between collection of the funds and 

disbursement.

Improve the economic and job benefits of renew-
able energy and energy efficiency projects by 
maximizing the creation of local and career-track 
jobs. To the extent that policy makers want to ensure 

that the clean energy jobs discussed in this report are 

well-paying and high-quality, they could consider de-

veloping labor standards that could apply to public 

and ratepayer investments in low-carbon sectors for 

renewable energy, energy efficiency, and other low-

carbon construction projects.  There is a large and 

highly-skilled construction workforce in California that 

can help drive implementation of many of the state’s 

climate policies and programs. 
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Expand energy efficiency incentives in the Valley 
where per capita energy use is higher than aver-
age in cooler coastal areas. Given the Valley’s great-

er energy consumption due to its warmer climate, the 

state should ensure that utilities direct a proportional 

amount of energy efficiency incentive programs to 

this region to help ensure greater cost-effectiveness 

of these funds and increase economic benefits in the 

region. ee programs could also prioritize facilities 

based on both their efficiency potential and their 

location in disadvantaged communities.

Develop job training and transition programs for 
workers and communities affected by the decline 
of the Valley’s greenhouse gas-emitting industries. 
state leaders should identify a lead state agency 

and a funding source to address transition issues 

for workers and communities potentially impacted 

by industrial decline due to climate policy, such as 

the oil and gas extraction and refining industries.  

They should initiate a planning process that analyzes 

risks of industry decline and involves both labor and 

disadvantaged communities in planning workforce 

transition strategies, assistance to workers and com-

munities, and environmental cleanup of fossil fuel 

industries.

While this report has focused on the key climate 

programs related to cap and trade, renewable en-

ergy, and energy efficiency, California leaders have 

developed a suite of other policy measures to meet 

ab 32 and 2030 greenhouse gas goals. for example, 

the low carbon fuels standard, vehicle electrifica-

tion mandates and incentives, distributed renewable 

incentives such as net metering, and land use/hous-

ing policies related to sb 375 (steinberg, 2008) will 

all play critical roles in achieving state’s climate policy 

goals in a cost-effective – and potentially economi-

cally beneficial – manner. future research should 

explore the economic impacts of these programs and 

offer more detailed assessments of how these pro-

grams interact to affect jobs and economic activity. In 

addition, these studies could focus on other regions 

of California and statewide.

Ultimately, given the huge economic needs and 

environmental challenges in the san Joaquin Valley, the 

state’s existing policies and the ones recommended 

here could continue to provide important benefits for 

residents in the region. While some critics charge that 

the state’s major climate programs are hurting the 

Valley more than helping, the data in this study suggest 

the opposite. The benefits are not uniform across all 

sectors, however, and the state should provide job 

transition support for the fossil fuel industries and other 

workers that are hurt by these policies. nonetheless, 

policy leaders should continue the positive momen-

tum generated to date for the Valley’s economy and 

environment by considering enhancements to existing 

policies and adopting these additional ones. If they do 

so, California’s efforts to reduce emissions and grow a 

cleaner economy will benefit not only the state’s most 

at-risk region, but the state as a unified whole.
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APPENDIx A: CALIFORNIA COUNTIES BY REGION

Region Counties

Central Coast
MONTEREY SAN LUIS OBISPO SANTA CRUZ

SAN BENITO SANTA BARBARA VENTURA

Desert IMPERIAL SAN BERNARDINO SAN DIEGO

North Coast
HUMBOLDT MENDOCINO SONOMA

LAKE SISKIYOU TRINITY

Sacramento Valley

BUTTE SACRAMENTO TEHAMA

COLUSA SHASTA YOLO

GLENN SUTTER YUBA

San Francisco Bay

ALAMEDA NAPA SANTA CLARA

CONTRA COSTA SAN FRANCISCO SOLANO

MARIN SAN MATEO

Sierra Nevada

ALPINE LASSEN PLUMAS

AMADOR MARIPOSA SIERRA

CALAVERAS MONO TUOLUMNE

EL DORADO NEVADA

INYO PLACER

San Joaquin Valley

FRESNO MADERA STANISLAUS

KERN MERCED TULARE

KINGS SAN JOAQUIN

Los Angeles Region LOS ANGELES ORANGE RIVERSIDE
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