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Next 10 is focused on innovation and the intersection
between the economy, environment, and quality of
life issues. We create tools and provide information
that fosters a deeper understanding of the critical
issues affecting our state. Through education and
civic engagement, we hope Californians will become
empowered to affect change.
Energy Efficiency, Innovation, and Job Creation in California
is authored by Professor David Roland-Holst at the
University of California Berkeley. Next 10 funds research
from leading experts on complex state issues, providing
critical data to help inform the state’s efforts to grow the
economy and reduce global warming emissions.
PREPARED BY
UC Berkeley
David Roland-Holst
PRODUCED BY
Next 10
F. Noel Perry
Sarah Henry
Marcia E. Perry
Sonali Biddiah
Meropi Yiasemis
Special thanks to Morrow Cater for providing the insight and
guidance necessary to educate, engage, and empower Californians
on these issues so critical to our future.
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• From electricity to transportation, projecting status quo
demand and supply horizons portends ever greater
reliance on out-of-state fuel sources, and therefore
greater exposure to fuel price volatility.
• Five alternative forecasting scenarios show that the
faster and farther California can improve household
and enterprise energy efficiency, while accelerating
deployment of renewable energy resources, the faster
the state economy will grow and create jobs. The most
ambitious scenario (50 percent renewable energy;
1.5 percent annual efficiency increases) produces
the largest number of additional jobs and income –
generating half a million new FTE jobs with over $100
billion in cumulative payrolls over 40 years.
• Renewable energy generation is more job-intensive
than the traditional carbon fuel supply chain, captures
more benefits within the state economy, and reduces
our vulnerability to uncertain global energy markets.

In California, transportation is the largest energy
consumer. There are more motor vehicles registered
here than any other state – over 28 million – and worker
commute times are among the longest in country.
Commuters consume the largest share of total vehicle
fuel. Two-thirds of all the state’s imported oil is used
for transportation, and 58 percent of overall energy
expenditures in California fuel transportation. According
to California Energy Commission projections, transport
fuel demand could double by 2050 or fall by 25%,
depending on regulatory policies and fuel prices.
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California has made exemplary progress in demand-side
management of electricity use; per capita energy use has
remained flat for decades while rising over 60% in the
rest of the country. For example, the California Energy
Commission (CEC) estimates that Californians saved
$40 billion in 2006 due to increases in space heating
efficiency while air conditioning efficiency improvements
saved $30 billion.
Nevertheless, the explosive growth in population,
inland development, home size, rate of installation and
total number of operating air conditions, has driven total
electricity consumption even higher.
From 1976 to 2007, the average size of new homes
grew 55 percent, from 1,560 to 2,390 square feet (CEC
2008) and a greater number of new homes are being
built with central air conditioning. The increase in total
number of operating air conditioners has increased total
peak demand attributed to them from five percent in 1976
to over 24 percent in 2006 (CEC 2008). And the rate of
installation in new homes has skyrocketed from 25 percent
in 1976 to 95 percent in 2007. On current trends, the
CPUC estimates that total California electricity demand
could double by the middle of this century.
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California produces one-tenth of the national share
of crude oil production with drilling operations
concentrated primarily in Kern County and the Los
Angeles. Overall current production in California has
been steadily declining as no new terrestrial oil reserves
have been discovered in the past two decades.
California is a top petroleum refiner with the third
largest petroleum refining capacity in the U.S. producing
over two million barrels a day. Refinery capacity has
been increasing in California since 2000, with an
average growth rate of .5 percent or about half as fast as
the U.S. 1
With declining in-state production and Alaskan
supply, California refineries are increasingly reliant on
imports, with leading suppliers like Saudi Arabia and
Ecuador making up 40 percent of offshore refining
supply.
California fuel prices are significantly higher than
the U.S. national average, and motorists are particularly
vulnerable to short-term price spikes. Declining instate production of petroleum and growing reliance on
foreign crude only increases the state’s vulnerability to
external price and supply shocks.

0<.9
Coal plays a small role in California‘s electricity sector –
with only a few operating small coal fired power plants in
1 California’s strict environmental standards are the primary constraint
on refinery expansion.
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California has substantial natural gas depositions in
geological basins in the Central Valley and Pacific Coast,
but production accounts for less than two percent of
total annual U.S. production and meets less than onefifth of state demand.
Historically, state natural gas supplies have remained
relatively stable, with increasing supply from Rocky
Mountains and nearly a dozen storage facilities to smooth
supply fluctuations. Recently, however, but Washington
and Oregon’s rising natural gas demand has forced
California to compete for a dwindling regional supply.
Although California leads the nation in
hydroelectric and other renewable power generation
like solar and wind, the state still relies significantly
on natural gas and imports for its electricity. In fact,
California imports more electricity than any other state,
including hydroelectric-based power from the Pacific
Northwest and coal and natural gas-fired power from the
Southwest. With greater demand and limited domestic
production, natural gas prices have been continuously
rising, with particularly steep increases since 2000.
California’s natural gas prices are higher than other
states in the region. Following historic prices trends and
with growing demand from the electricity sector, natural gas
prices are forecasted to continue rising in coming years.

1RZN[Q  @b]]Yf
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Overall, from electricity to transportation, greater reliance
on fuel imports means California will become even more
vulnerable to external price and supply shocks.
The carbon fuel supply is among the very least
employment intensive economic activities, even before
considering how these expenditures leak outside the state
and national economies to foreign energy sources.
Energy efficiency saves money and stimulates the
economy through expenditure shifting, away from
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import-dependent carbon fuels and toward employment
intensive in-state goods and services. Comparing the
employment content of output across over a hundred
different economic activities (Figure 1) reveals this
expenditure shifting can have a dramatic net effect on
job creation. The disparity between job growth from a
dollar spent on fossil fuels and one spent on services is
so great that a logarithmic scale is needed to display it.
Simply put, a dollar saved on traditional energy
is a dollar earned by 10-100 times as many new
workers.
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the state due to strict emissions standards and restrictions
on the use of coal fired generation within its boundaries.
While low coal reliance is consistent with California’s
rigorous air quality standards, it narrows the state’s
options among traditional carbon fuels.
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For the last three years, University of California
at Berkeley’s Center for Energy, Resources, and
Economic Sustainability (CERES) has been conducting
independent research to inform public and private
dialogue surrounding California climate policy.
Among these efforts has been the development and
implementation of a statewide economic model, the
Berkeley Energy and Resources (BEAR) model, the most
detailed and comprehensive forecasting tool of its kind.
BEAR is a computable general equilibrium model
of California’s economy that simulates demand and
supply relationships across many sectors of the economy
2E20BA6C2 @B::.?F
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and tracks the linkages among them. It can thus be used
to trace the ripple effects, throughout the economy and
over time, of new economic and technology policies.
Using BEAR, we evaluated the economy-wide
impacts of five new energy scenarios, three degrees of
Renewable Portfolio Standards (20 percent, 33 percent,
and 50 percent) and new energy (NE) efficiency (with
RPS50) improvements of 1.0 percent and 1.5 percent
annually.

?R[RdNOYR  2[R_Tf
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• Renewable fuel generation is more job intensive
and less price volatile than traditional carbon fuel
supplies.
• Modeling five scenarios shows that the faster
and farther California improves the efficiency
of household and enterprise energy use while
accelerating the deployment of renewable energy
resources, the faster the state economy will grow
and more jobs will be created. The most ambitious
scenario (50 percent renewable fuels; 1.5 percent
efficiency increase) produces the greatest number of
jobs and largest payroll – generating half a million
additional jobs with over $100 billion in cumulative
payrolls over 40 years.
• Employment creation outweighs employment
reduction in every scenario.
• Over the time period we consider, the renewables
industry increases in-state employment to about half
the size of California’s biotech sector, but meanwhile
up to twice as many jobs are created in upstream and
downstream sectors.
• When renewables are the primary new energy
strategy, employment growth is concentrated in that
sector, in electronics, and in machinery.
• Depending on the degree of renewable deployment,
direct job creation would be between 10,000 and
40,000 FTE jobs, though our estimates suggest that
total “green jobs” attributable to RPS (including up
and downstream) would be closer to column totals, or
14-57,000 jobs for California. Even these figures are

A< .002@@ 2;A6?2 ?2=<?A 4< A< DDD;2EA<?4

net of employment reductions against the baseline.
Adding up the new jobs only, green job creation
becomes 22-87,000.
• By comparison with renewables alone (RPS50),
integrating energy efficiency measures increases
statewide job benefits almost tenfold. Employment
gains are more widespread, particularly in
construction and services, with the former responding
to new building standards and the latter benefiting
from expenditure diversion. Note, however, that the
energy efficiency component moderates the growth
of RPS, since efficiency applies both to traditional
and new energy sources.
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2 When a result in this table is positive, more jobs are created than in the Baseline, less when it is negative. In particular, negative results do not mean that a sector necessarily contracts or that existing jobs are lost. It is more accurate to think
of these results as comparisons of shifting job opportunity across the economy.
The last two lines decompose the employment impacts between new jobs in
sectors that expand more rapidly, and “reduced” job creation in sectors that grow
more slowly relative to the baseline. In the latter case, it is important to note that
total employment in a sector may not fall in absolute terms (i.e. sector contraction) over the 2008-2050 period, but it will grow more slowly than in the baseline.
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• In terms of relative income effects, renewables
deployment generates 2-3 times as many new payrolls
as it displaces in traditional carbon fuel supply chains.
• Renewables generate jobs with relatively high wages
and obvious new technology appeal. Even when a
significant portion of green tech manufacturing is
outsourced (we assume about 25 percent of value),
California still captures significant employment and
payroll benefits from greater renewable deployment.
• In addition to direct renewable technology sector
(“green-collar”) employment, significant indirect
income benefits travel up and down supply chains,
increasing payrolls in construction, manufacturing,
and services.
• These jobs, particularly those in services related to
marketing, installation, and maintenance, cannot
be outsourced, and are a lasting dividend accruing
to the large domestic market adopting these new
technologies.
• Finally, household energy efficiency savings translate,
via expenditure shifting, into even greater income
growth for consumer sectors, including more diverse,
bedrock in-state employment in food, services, etc.
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Our economic assessment strongly supports the notion that a new
California energy agenda, emphasizing efficiency, renewables, and
infrastructure, can be a potent catalyst for economic growth in
both the short- and long-term.
We find that dramatically increasing energy efficiency
and renewable energy’s share of electricity generation can be
a powerful source of job creation, and that this employment
is diverse and attractive in terms of average skill content and
wages.
It is clear from this research that “green job” creation goes
far beyond “green collar jobs”. That is, green job creation
is much more widespread than direct employment in green
technology sectors. This fact is often ignored in the enthusiasm
surrounding green/clean energy. Although direct employment
in such new energy technologies may be significant, it is not
the primary source of job creation arising from greater energy
efficiency or renewable development. Indirect employment
benefits from these innovation trends are much greater, more
diverse and income-equitable, and in-state job retention is
much higher. In addition, most of these jobs are in the services
bedrock of the state’s labor force and cannot be outsourced.
Energy efficiency measures offer much more potent growth
leverage to the economy than renewable energy deployment
alone. Only a fraction of the employment benefits of a new
energy agenda are on the supply-side, as our results demonstrate
that energy efficiency measures offer strong multiplier effects
through expenditure shifting.
As California looks to a future of dramatically increasing
energy demand, dwindling traditional energy supplies, and
greater fuel price volatility, it is clear from this analysis that
pursuing an aggressive schedule of renewable fuel and energy
efficiency deployment now is the most prudent economic
course of action if we are to avert even greater financial crises
in the future.
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