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Preface 

Energy is the currency of the world. For decades, energy supply and demand have shaped the world 
politically and economically. The significant increase in oil prices over the past few years has dramatically 
demonstrated the impact of energy costs on consumers as well as on every sector of our economy. More 
recently, the September 2011 blackout of large portions of southern California caused by a mistake at a 
transmission office in Arizona demonstrates the hazards caused by the fact that an increasing proportion of 
Californiaôs electricity is imported from outside the state.  
 
And not just electricity: more of the crude oil that powers California is 
coming from sources outside the United States as well. The California Energy 
Commission reported in 2010 that oil imported into California from other 
nations increased by 600% over the last quarter centuryðfrom 40 million 
barrels per year in 1985 to approximately 280 million barrels per year in 2009. 
One key reason: Californiaôs within-state oil production during the same time 
period has dropped by more than half, from 425 million barrels per year in 
1985 to approximately 200 million barrels per year in 2009. In addition to its 
obvious impact on Californiaôs energy security and energy prices, imported oil 
also means less revenue and fewer jobs for Californians. 
 
The California energy picture is hardly all negative, however. Even though 
California is just one of 50 U.S. states, the actions by the stateôs executive and legislative branches of 
government dealing with energy, conservation, and improvement of air quality have vaulted the state into a 
worldwide leadership role. The conservation efforts undertaken in California, in particular, have been 
extremely effective in reducing energy consumption. On a national level, Professor Joseph Kalt, a Harvard 
University economist, observes that the United States would require 75% more energy than it now has 
available to meet the countryôs energy demand if the nation had not undertaken the conservation policies 
initiated primarily in California during the 1970s. 
 
The Wrong Energy Debate 
 
All of this is encouraging. And yet, as challenging as energy issues have been since the oil crisis of the late 
1970s, they are bound to be even more contentiousðand of greater consequenceðin the future. For in 
California as elsewhere, the availability and price of energy affects every aspect of daily life for families and 
businesses alike. Put simply, modern life cannot function without adequate energy. And if that energy is 
unavailable or too costly, the resulting higher prices filter through the system down to consumers in the 
form not just of more expensive gasoline and higher electric bills, but of more costly food, household 
products, and health care as well. 
 
Unfortunately, while there is periodic recognition of this economic reality, the public debate over energy 
increasingly has been framed by other concerns over the past decadeðprimarily, environmental protection 
and climate change. Make no mistake: these are extremely important issues for public discussion. As the 
Deepwater Horizon oil spill in the Gulf of Mexico during April to June of 2010 clearly demonstrated, 
energy production, badly managed, can cause substantial environmental damage. And the pollution that 
results from energy use is of essentialðand ongoingðconcern as well. 
 
This perspective has led a number of organizations to spend millions of dollars and years of work preparing 
studies aimed at introducing a more environmentally friendly energy future. Invariably, these studies cast 
traditional fossil-fuel-based energy in a highly negative light and so craft a future built heavily if not 
primarily upon renewable resources and alternative energy sources. Although well-intentioned (for the most 
part), such studies tend to paint the future in terms of possibilities rather than realities or even likelihood. 
For it is indeed possible that a largely renewable energy portfolio can be developed. But as policymakers and 
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interested observers, our interest should go beyond what is theoretically possible to what is realistically 
achievableðwhat, in fact, is most likely to come about. As the brewing Solyndra scandal demonstrates, even 
the best intentions in the world combined with billions of dollars do not necessarily equate to a workable 
and sustainable energy solution. 
 
And so, for the past decade or so, the public debate on energy has essentially been the wrong debate. The 
issue isnôt whether we should strive to use more environmentally friendly energy sources. Of course we 
should. We should be undertaking aggressive research and development to make every reasonable 
alternative source more realistic and more affordable. And the issue isnôt whether these more 
environmentally friendly energy sources are a good thing. Of course they are. A solar-powered economy, a 
hydrogen-powered economy, a nuclear fusion-powered economy: any of these could be considered to be an 
energy utopia. That isnôt the question. Nor is the question one of whether, in theory, we could realize these 
dreams. The real questions are: To what extent can we achieve these energy dreams in practice, what will it cost, and 
in what time frame could they be realized? 
 
Re-Framing the Energy Debate 
 
The goal of the Powering California study is to re-frame the public energy debate into one that is, at once, 
more realistic and more constructive. Our purpose is to define an energy future that is not only more 
environmentally friendly, but one that is both technologically feasible and economically affordable. For only 
if all three criteria are satisfied can the proposed future be achieved. 
 
We do not take that entire journey in this initial pair of reports, but we set off down that road. In so doing, 
we gird ourselves in the same way that any wise traveler does: by collecting and employing an accurate map 
of the landscape that we propose to travel. We resist indulging in ñbest casesò or mere possibilities but, in 
the spirit of that famous L.A. cop Joe Friday, we desire simply, ñjust the facts.ò And those facts are of three 
types: 
 
¶ How much energy will California need in the near- and mid-term future? 
¶ How much energy will be supplied (produced and imported) in California under the most realistic 

scenarios? 
¶ And what will it cost? 
 

Another related but important question turns on the economics of the energy sector. Specifically: could the 
accelerated development of Californiaôs indigenous energy supplies speed the growth of Californiaôs 
economy, add jobs to our state, and enhance state tax revenues? Such questions are particularly important 
as California struggles to emerge from one of its most difficult fiscal crises in memory. Answers to these and 
other vital questions will illuminate our understanding in these key areas. But more than that, they also will 
help us to make more informed, more intelligent, andðultimatelyðmore beneficial public policy decisions 
for our people, for our businesses, and for our state. 
 
Powering California Content 
 
The first section of Powering California is a synthesis of major research conducted by a range of respected 
academic research centers and government agencies, including the United States Department of Energy, the 
California Energy Commission, and others that provides an overview of the energy supply and demand 
landscape, both now and for the coming decades.  
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The second section of Powering California is written by Dr. Timothy Considine, who has conducted similar 
research for the World Bank and the State Israel plus another study for The Communications Institute in 
conjunction with Arizona State University. Dr. Considineôs work centers on an original econometric model 
of future California energy supply and demand that depicts the economic implications of a variety of energy 
policy scenarios.  
 
The following are summaries of the two sections: 
 

(1) Powering California: The Energy Supply and Demand Landscape. This study synthesizes the 
outstanding research and analysis currently available from leading academic, research, and 
government organizations that have studied the energy past and future of both California and the 
United States as a whole. Among the research reviewed were:  
¶ United States Energy Information Administrationôs Annual Energy Outlook. 
¶ California Energy Commissionôs California Energy Demand Forecast. 
¶ Californiaôs Energy Future by the California Council on Science and Technology. 
¶ California Energy Demand Scenario Projections to 2050 (University of California Davis). 
¶ Meeting Californiaôs Long-Term Greenhouse Gas Reduction Goals produced by Energy and 

Environmental Economics, Inc. (E Three). 
¶ Californiaôs Uncertain Oil Future by the Los Angeles Economic and Development Commission. 
¶ Prudent Development: Realizing the Potential of North Americaôs Abundant Natural Gas and Oil 

Resources, by the National Petroleum Council. 
 

(2) Powering California: Balancing Fiscal, Energy, and Environmental Concerns. This second 
report is an in-depth, original study that examines California energy supply and demand picture 
from now through 2025. It evaluates various options to meet future demand while 
accommodating environmental concerns. This study was based upon a similar research study in 
Arizona called Powering Arizona. As a result, the current study was made possible, in part, through 
the support of Thomas R. Brown Foundations that created the economic model upon which this 
study is based.  

 
We believe that Powering California provides an unprecedented look at Californiaôs energy past and future. 
But it does so in a way that is not only mindful of, but oriented toward, the economic costs and benefits of 
the respective energy paths. It is also focuses on the vital important to continue to protect and enhance the 
environment and the need for continued technological program in energy development. It is therefore 
hoped that this report will serve to both enlighten and broaden the minds of those whose responsibilities 
include shaping the policies that govern Californiaôs energy future, and to create policies that are not only 
beneficial, but technologically and economically achievable as well. 
 
 
Jack H. Knott, Ph.D.             John E. Cox, Jr. 
Chairman of the Board of Trustees    President 
The Communications Institute     The Communications Institute 
Dean, School of Policy, Planning, and  
Development 
University of Southern California 
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Executive Summary 
 
 This report synthesizes the results of a number of high-quality, recent studies that explore future energy 
supply and demand in both California and the nation. The research and analysis are a complement to the 
research study conducted by Dr. Timothy J. Considine and consistent with his analysis. The studies 
synthesized in this reporter were conducted by leading academic institutions, research organizations, and 
the United States Department of Energy. It is interesting to find agreement from this large variety of 
research on Californiaôs energy future regarding the critical supply and demand issues. The research for this 
study is based in part upon the following: 
 

¶ United States Energy Information Administrationôs Annual Energy Outlook. 
¶ California Energy Commissionôs California Energy Demand Forecast. 
¶ Californiaôs Energy Future by the California Council on Science and Technology. 
¶ California Energy Demand Scenario Projections to 2050 (University of California Davis). 
¶ Meeting Californiaôs Long-Term Greenhouse Gas Reduction Goals produced by Energy and 

Environmental Economics, Inc.(E Three). 
¶ Powering California: Balancing Fiscal, Energy, and Environmental Concerns (Center for Energy 

Economic & Public Policy, The University of Wyoming) 
¶ Californiaôs Uncertain Oil Future by the Los Angeles Economic and Development Commission. 
¶ Prudent Development: Realizing the Potential of North Americaôs Abundant Natural Gas and Oil 

Resources, by the National Petroleum Council. 
 

The main purpose of the report is to establish a factual foundation for reasoned public debate on this 
vital issue, and to better understand the key parameters governing Californiaôs ability to meet future 
statewide energy needs in the face of continued growth in the stateôs population and economic output.  
 
 The principal findings from this research effort were as follows: 
 
1. Energy Demand. Californiaôs population and economic output are expected to continue growing in 
coming decades, at roughly historical levels, thereby putting continued upward pressure on Californiaôs 
energy resources. As a result, even with expanded efficiency improvements, energy demand will increase 
significantly in California for the foreseeable future, with demand likely to grow by an average of 1.0% 
or more per year. 

 
2. Conservation. Conservation has been vital to Californiaôs energy economy. Without the past quarter-
centuryôs improvements in conservation and energy-efficiency, energy consumption in the state would 
be much higher than it otherwise is. And because of the growing demands on the stateôs energy 
resources, continued conservation and energy-efficiency will be even more important in the future. 

 
3. Energy reserves. California has abundant energy reserves. The state is one of the nationôs top producers 

of crude oil, with output accounting for more than one-tenth of the U.S. total and with 17 of the 
nationôs 100 largest oil fields located in California. The state also possesses substantial natural gas 
deposits, primarily in the Central Valley and along the Pacific Coast. Finally, Californiaôs hydroelectric 
and nuclear energy resources are among the most significant in the United States. 
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4. Oil and gas. Oil and natural gas currently satisfy the vast majority of Californiaôs energy needsðnearly 

63%. The usage of energy varies by sector, however. TransportationðCaliforniaôs largest energy-
consuming sectorðis dependent upon crude oil for some 96% of its energy supply. Some 84% of the 
industrial sectorôs supply and some 60% of the residential sectorôs comes from oil and natural gas, with 
most of the remainder coming from electricity. 

 
5. Future energy supplies. Total U.S. energy supplies are expected to grow by some 25% over the next 
quarter century. However, even if Californiaôs energy supplies were to grow by the same percentage, 
they would fall well short of the nearly 34% projected increase in the stateôs population and the 
projected 57% increased in statewide economic output, leaving significant gaps to be filled by either 
increased in-state production, greater imports, increased contributions from renewables, or even greater 
improvements in conservation and efficiency. 

 
6. Imports. Californiaôs in-state crude oil production has declined by 47% over the past quarter century. 

In addition, in-state production of natural gas has fallen, to the point that Californiaôs natural gas 
output now accounts for less than 2% of total U.S. production and satisfies less than one-fifth of state 
demand. Californiaôs in-state electricity production also falls far short of statewide demand. As a result 
of these factors, two-thirds of Californiaôs oil, gas, and electricity now must be imported. 

 
7. Renewables. Renewables play a significant role in Californiaôs energy economy, with more than 24% of 
the stateôs energy and 28% of the stateôs electricity provided by renewable resources (mostly 
hydroelectric power). However, although the use of renewables will continue to grow, these sources are 
likely to meet only a minority of Californiaôs energy needs over the next 20 to 30 years. In 2035, for 
instance, 14.8% of the stateôs electricity is expected to come from hydropower and 13.7% from 
geothermal power, but only 0.6% from biomass, 0.7% from solar, and 4.4% from wind. 

 
8. Bridging the gap. Renewable energy and other new energy technologies at some point in the future are 
likely to play a dominant role in Californiaôs energy economy. However, given the continuing growth in 
Californiaôs population, the consequent increase in the stateôs energy demand, and the relatively slow 
growth in renewablesô contributions, oil and natural gas will continue to be called upon to fill the 
majority of Californiaôs energy needs for at least the next few decades. 

 
9. Policy changes. Although research and development of new energy technologiesðfor oil and natural gas 

as well as for renewablesðremains vital, no public policy levers appear able to fundamentally change 
Californiaôs near- and mid-term energy picture in a dramatic way. Indeed, the most powerful policy 
levers are those aimed at increasing the in-state supply of oil and gas, primarily from offshore reserves. 

 
10. Energy and the economy: California is in the midst of serious financial challenges. Plentiful and 

affordable energy will be critical to overcoming these challenges and to supporting continued economic 
growth in all sectors. In addition, increasing in-state energy production will significantly boost job 
creation throughout the state and increase state tax revenues. New energy-development technologies, 
like horizontal drilling, can allow the state to achieve these important goalsðparticularly in ecologically 
sensitive offshore areasðeven while providing continued protection to the environment. 

 
It is to the greater understanding of these vital issues and of the necessary public responses to the 

challenges they raise that this report is dedicated.  
 
 



 Powering California ï page 5 
 
 

List of Tables 
 
Table 1.    California Electricity Demand, 2025 and 2050: Five Scenarios (UC Davis)  ................................ 17 
 
Table 2.    California Natural Gas Demand, 2025 and 2050: Five Scenarios (UC Davis) ............................. 18 
 
Table 3.    Summary of California Energy Consumption by Sector, 2009 ...................................................... 23 
 
Table 4.    Energy Price Changes by Energy Type Under Three Scenarios, 2035 ........................................... 41 
 
Table 5.    Energy Price Changes by Sector Under Three Scenarios, 2035 ..................................................... 42 
 
Table 6.    Energy and Economic Impacts of Differing Growth Scenarios, 2035 ........................................... 45 
 
Table 7.    Economic Effects of Three Different Energy Scenarios (Considine) ............................................. 49 
 
 

 
 
 
 
 
 
 
 
 
 
 



 Powering California ï page 6 
 
 
 

List of Charts 
 
Chart 1.    California Population Growth 2005 ï 2050: Three Scenarios (UC Davis) .................................. 11 
 
Chart 2.    California GSP 2005 ï 2050: Three Scenarios (UC Davis) ........................................................... 13 
 
Chart 3.    Current California Energy Supply by Type ..................................................................................... 21 
 
Chart 4.    Current California Energy Supply by Source ................................................................................. 22 
 
Chart 5.    EIA Economic Growth Assumptions, 2009 ï 2035 ....................................................................... 24 
 
Chart 6.    US Crude Oil Supply, 2009 ï 2035 ................................................................................................ 25 
 
Chart 7.    US Natural Gas Supply, 2009 ï 2035 ............................................................................................. 26 
 
Chart 8.    US Coal Supply, 2009 ï 2035 ......................................................................................................... 27 
 
Chart 9.    US Electricity Supply, 2009 ï 2035 ................................................................................................ 27 
 
Chart 10.  US Nuclear Power Supply, 2009 ï 2035 ......................................................................................... 28 
 
Chart 11.  Total US Energy Supply, 2009 ï 2035 ............................................................................................ 28 
 
Chart 12.  Relative Growth in Renewables, 2009 ï 2035 ................................................................................ 31 
 
Chart 13.  Renewables Contribution to California Energy, 2035 ................................................................... 33 
 
Chart 14.  Effect of OCS Policies on US Oil & Gas Imports ......................................................................... 37 
 
Chart 15.  Additional Property Tax Revenues for Santa Barbara County from Enhanced Leasing .............. 50 
 
Chart 16.  Additional Oil & Gas Royalties for Santa Barbara County from Enhanced Leasing ................... 50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Powering California ï page 7 
 
 

1. Introduction 
 
 Among all public policy topics, energy is one of the most widely studied. There are many reasons for 
this fact. One, of course, is that energy is a central facet of all peopleôs livesðand of the operation of every 
company, every organization, and every governmental unit. Second is that energy production and supply are 
concrete, easily quantified commodities with discrete uses and flows, and therefore more easily studied than 
many public policy areas where inputs, processes, and outputs are more qualitative and harder to measure. 
Third, energy-related events and discussion are frequently in the news, making energy a prime topic for 
public interest and private funding. Finally, the direct connection between energy and economic prosperity 
at the local, national, and global levels is widely appreciated. 
 
 But perhaps the most important reason for the vast number of studies of energy is simply that our 
futureðas a people, as a country, and as a global societyðdepends on it. Modern life and modern technology 
are very energy-intensive, and these lifestyles cannot be preserved, much less enhanced, unless sufficient 
energy is available at a reasonable cost. Indeed, careful analysis of many other major public policy issuesð
including economic growth, employment, budget and taxes, and the environmentðturns at least to some 
degree on matters of energy. 
 
1.1 The Research Approach 
 
 In light of the above, one might well ask: if there already have been so many studies of the energy 
topic, why conduct yet another one? There are three reasons for doing so: 
 
¶ Identifying relevant studies. The current study has a very specific purpose: to assess Californiaôs 

future supply of and demand for energy. As in any predictive undertaking, conducting such an 
analysis requires comprehensive data sets and sophisticated analytical methods. Although there 
have been scores of major energy studies over the past couple of decades, only a few such studies 
have been constructed in a way that permits (or explicitly incorporates) the needed forecasting. 
Therefore, the first purpose of the current research project is to identify those previous studies 
that best support this goal. 

 
¶ Synthesizing what we know. As discussed below, a number of studies qualify in this regardðand 

each comes to distinct and specific conclusions. The data and methods used to arrive at these 
conclusions vary from study to study, and so an important first step in extracting the knowledge 
from this body of work is to inventory, assess, and synthesize the conclusions from these previous 
studies. This collection of conclusions not only will provide an excellent foundation for future 
analysis, but they also will create a ñreality checkò against which the findings of any new studies 
can be tested. 

 
¶ Focusing on the target questions. As also discussed below, the current research project attempts 

to answer some very specific questions. Some of these questions are addressed in existing studies, 
while others are not. The current project therefore seeks, in the first order, to fill in some of these 
knowledge gaps. It further attempts to set forth a comprehensive economic model in which all of 
the key questions can be assessed in a consistent and comparable manner.  
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1.2 A Library of Comprehensive Studies 

As it happens, among all of the energy studies that have been conducted to date, there are several that 
meet the qualifications noted aboveðresearch work that is widely cited, although not often analyzed in 
depth. Two of the most important of these research sources are data from: (1) the California Energy 
Commission (CEC), especially its May 2011 ñUpdated California Energy Demand Forecast 2011-2022ò; 
and (2) the U.S. Energy Information Administration (EIA) of the U.S. Department of Energy, particularly 
its ñAnnual Energy Outlook 2011.ò While these data sources are certainly not without their flaws, they do 
offer uniquely comprehensive views of the entire U.S. and/or California energy ecosystems, something that 
few other energy-related studies or data sets provide. 
 
 In addition to these more comprehensive state and Federal government resources, there is also a 
handful of private, academic, or other public research studies that look at either the national and/or 
California energy systems in a relatively comprehensive fashion. Some of the more informative of these 
studies used in the current assessment are: 
 
¶ ñCalifornia Energy Demand Scenario Projections to 2050,ò a November 7, 2006, report from the 

Institute of Transportation Studies at the University of California at Davis. 
 
¶ ñCaliforniaôs Uncertain Oil Future,ò a March 2008 study undertaken by the Los Angeles 

Economic Development Corporation. 
 
¶ ñCaliforniaôs Energy FutureðThe View to 2050,ò a May 2011 study prepared by the California 

Council on Science and Technology 
 
¶ ñCaliforniaôs Energy FutureðPowering California with Nuclear Energy,ò a July 2011 study 

prepared by the California Council on Science and Technology. 
 
¶  ñMeeting Californiaôs Long-Term Greenhouse Gas Reduction Goals,ò a November 2009 report 

from Energy and Environmental Economics, Inc. (E Three), a private research group. 
 

¶  ñOutlook for Crude Oil Imports into Californiaò (July 12, 2007) and the follow-on ñCrude Oil 
Import Forecast & HCICO Screening,ò (May 11, 2011), a pair of reports by the Transportation 
Committee Workshop of the Fuels and Transportation Division of the California Energy 
Commission. 

 
¶ The companion section to this report, ñPowering California: Balancing Fiscal, Energy, and 
Environmental Concerns,ò a September 2011 study led by Dr. Timothy J. Considine of the 
Center for Energy Economics & Public Policy at the University of Wyoming. 

 
The focus of the current survey, as noted, is Californiaôs current and future energy demand, prices, 

and supply. While environmental questions are vitalðand while any U.S. or California energy future should 
include the essential principles of energy efficiency and environmental protectionðthose questions are not 
the focus of this report. 
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1.3 Addressing Key Energy Questions 
 

The intent of the current survey is to review and synthesize the findings from the studies identified 
above in a systematic fashion and, where possible, apply them to the California energy landscape, in 
particular to shed light on the following key questions: 
 
¶ What are the determinants of future energy demand in California and how will these 

determinants unfold over the coming years and decades? 
 
¶ What will be the resulting mid- and long-term demand for energy from various sources within 

California? 
 
¶ What will be the future course of energy supply in California? 

 
¶ What level of contribution will renewable energy resources make to Californiaôs energy future? 

 
¶ What will be the future course of energy prices in California? 

 
¶ What will be the economic consequences of various future energy scenarios? 

 
It is to the greater understanding of these vital questions in the public policy sphere that this report is 

dedicated.  
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2. Energy Demand 
 
2.1 Determinants of Energy Demand 
 

Future demand for energy in any geographic region is determined by a number of key factorsðsome 
largely independent of the future supply of energy and some intrinsically dependent on that supply. Of 
course, these distinctions are not absoluteðthe values of even the most seemingly external variables bear at 
least some dependencies on the rest of the systemðbut it is still worth cataloguing them in order to identify 
general relationships. 
 
2.1.1  Population 
 
 Perhaps the most important influence on the future demand for energy is the size of the population 
requiring that energy: simply put, all else being equal, a larger population will require more energy. Beyond 
factors such as weather and natural geographic characteristics (e.g., the amount of sunshine, the density of 
the population), the total number of people living in the state is one of the most reliably predictable 
variables influencing the demand for energy. To be sure, even population levels can depend on certain 
ñwithin the systemò factors: for instance, over the recent decade, due to unexpectedly difficult economic 
circumstances, California has experienced a significant exodus of residents (although more people still have 
entered California than have left the state). However, little of this population higher-than-usual out-
migration was due to energy supply concerns per se; therefore, it is reasonable to treat population level as an 
ñexogenousò variable that helps to determine energy demand, but that is not substantially influenced by it 
in a direct way. 
 
 Obtaining estimates of Californiaôs future population levels is a fairly straightforward matter, as there 
are a several reputable forecasts for Californiaôs future population growth as well as historic assessments that 
can form the basis for projections. Let us begin, therefore, with previously published projections of 
population trends. According to the U.S. Census Bureau, Californiaôs population grew from 23.7 million 
in 1980 to 36.8 million in 2005ðan increase of 55%, or an average growth rate of 1.8% per year. By 
comparison, over the same time, the population of the United States rose from 228.5 million in 1980 to 
295.7 million in 2005ðan increase of 29%, or an average annual growth rate of 1.0%. In other words, for 
the quarter century up to 2005, Californiaôs population grew at a rate nearly twice that of the United States 
as a wholeðand, as discussed in what follows, Californiaôs energy demand followed suit. 
 
 How fast is Californiaôs population expected to grow in the future? Two forecasts tell the story. The 
California Energy Commission (CEC), in its May 2011 ñUpdated California Energy Demand Forecast 
2011 ï 2022,ò projects that Californiaôs population, which reached 38.0 million in 2010, will rise to 42.8 
million by 2022. For that 12-year period, this represents a growth rate of 13%, or 1.0% per yearða 
slowdown to the historical U.S. population growth rate. The California Department of Finance projects a 
slightly higher annual growth rate of 1.2% per year, which would cause Californiaôs population to reach 
49.2 million by 2030. 
 
 Over the longer term, a November 7, 2006, study by researchers at the University of California at 
Davis, entitled ñCalifornia Energy Demand Scenario Projections to 2050,ò projects that, in its baseline 
scenario, Californiaôs population will reach 45.9 million by 2025 and 54.8 million by 2050. These 
population levels represent growth rates over their respective timeframes of 21% and 44% as compared to 
2010 population levels, or an average annual growth rate of 1.3% for the first 15-year period (2010 to 
2025), slowing to an annual growth rate of 0.7% for the second 25-year period (2025 to 2050). 



 Powering California ï page 11 
 
 

The UC Davis study goes further, however, by defining low-growth and high-growth population 
scenarios (see Chart 1). In the low-growth scenario, Californiaôs population stagnates, reaching only 44.8 
million by 2050. In the high-growth scenario, which assumes a speed-up of in-migration and an increase in 
birthrates, Californiaôs population reaches 48.8 million by 2025 and 70.0 million by 2050. These 
population levels translate into an average annual increase of 1.7% for the first 15-year period, close to the 
growth rate for the previously mentioned 25-year period, thereafter falling only slightly to 1.5% per year for 
the subsequent 25-year period. 

 
Chart 1: California population growth 2005 ï 2050: Three Scenarios (UC Davis) 

 
 Closely related to population growth and clearly linked to future energy demand is the size of 
Californiaôs motor vehicle fleet. As the Los Angeles Economic Development Corporation (LAEDC) 
expresses it in a March 2008 report entitled ñCaliforniaôs Uncertain Oil Future,ò ñas the population rises, 
so will the number of light-duty vehicles (LDVs)ðcars, light trucks, and sport utility vehiclesðon the roads of 
California.ò According to the California Energy Commission, the number of LDVs is expected to rise from 
25.6 million in 2005 to 37.2 million in 2030, a 45% increase. At the same time, the average number of 
LDVs per person statewide will increase slightly, rising from 0.70 to 0.76 per person. And despite the fact 
that fuel-economy will improveðin the best-case scenario, Californians will travel almost 50% further on 
every gallon of gasoline by 2030ðthe number of miles traveled on the stateôs roads and freeways will 
approach 490 billion by 2030, up from 320 billion in 2004. 
 
 Conclusion. While Californiaôs population growth rates are expected to slow sharply in the near- and 
mid-term, in at least one reasonable scenario they could remain close to the relatively high growth rates of 
the past 25 to 30 years. Hence, while California may expect some relief in pressures on energy demand 
growth from slower population growth, this result is far from certain. Moreover, even with relatively 
conservative forecasts, Californiaôs population is still likely to grow by at least 1.0% per year for the 
foreseeable future, suggesting that energy demands will grow as well. This relationship can be seen clearly in 
motor vehicle fuel demand, as the number of vehicles and miles driven will expand in direct relationship 
with the number of residents of the state. 
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2.1.2  Economic Output 

As noted, population growth rates can be assumed to be largely exogenous to the energy demand 
modelðthat is, they establish a course that, for the most part, is independent of the level of energy usage. 
The same is not true of economic output and economic growth rates, however. On the contrary, economic 
output is directly and inextricably linked to energy usage: in general, the higher the energy usage, the higher 
economic output can be. And vice versa: the lower the energy usage, the lower economic output will be. 
 
 California historically has altered this equation somewhat through significant gains in energy 
efficiency. Harvard Universityôs Joseph P. Kalt has noted that Californiaôs energy usage would be some 75% 
greater now were it not for the energy efficiencies that the state has achieved over the past generation. 
Nevertheless, as strong as they are, energy efficiencies alter the trajectory but not the direction of the effect: 
to at least some noteworthy degree, increased energy use is associated with increased economic output, and 
vice versa. 
 
 In looking at forecasts for Californiaôs economic output and economic growth, it is also important to 
understand that they are typically generated by multivariate econometric models. These models depict with 
a relative degree of statistical accuracy the relationship among different time series of economic variables. 
While causation sometimes can be established, there is inevitably an associative quality to the models that 
implies not just a dependent but an interdependent relationship among variables. 
 
 Consider, for instance, the relationship among energy usage and economic output. If the economy 
slows, there will be less economic activity, and so energy use will diminish. On the other hand, if energy 
supply and hence energy usage is constrained, economic activity will be constrained, and economic output 
will fall or at least rise more slowly. To the equations of econometric models, the numbers underlying these 
two sets of events may look essentially identical. But even if the model can be specified in a way that yields 
some indications of causality, there still will be something of an iron relationship between the two variables: 
assuming only marginal changes in energy efficiency, a given time-path of energy usage will be associated 
with a specific time-path of economic output, and vice versa. The implications of this relationship will be 
spelled out in the discussion of macroeconomic effects toward the end of this report. 
 
 For the moment, however, let us consider the economic output projections themselves. Historically, 
according to the California State Bureau of Economic Analysis, Californiaôs Gross State Product (GSP) rose 
from $328.2 billion in 1980 to $1.43 trillion in 2005ðan increase of 335% over the 25-year period, or an 
average of 6.1% per year. 
 
 For the future, according to the CEC, the California economy is expected to continue to grow as well, 
with consequent influences upon energy demand. The agency posits three economic-growth scenarios that 
result, respectively, in: (1) low energy demand (ñlow-demandò); (2) moderate energy demand (ñmid-
demandò); and (3) high energy demand (ñhigh-demandò). The results of its projections according to these 
three scenarios are as follows: 
 
¶ For the low-demand scenario, Californiaôs GSP will grow from $2.00 trillion in 2010 to $2.74 

trillion in 2022, an increase of 37% over the 12 years, or an average growth rate of 2.7% per year. 
¶ For the mid-demand scenario, Californiaôs GSP will grow from $2.00 trillion in 2010 to $2.84 

trillion in 2022, an increase of 42% over the 12 years, or an average growth rate of 3.0% per year. 
¶ For the high-demand scenario, Californiaôs GSP will grow from $2.00 trillion in 2010 to $2.98 

trillion in 2022, an increase of 49% over the 12 years, or an average growth rate of 3.4% per year. 
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Similarly, in its similarly constructed multi-scenario projections, the UC Davis study offers these 
forecasts (see Chart 2): 
 
¶ For its low-demand scenario, Californiaôs GSP will experience a reduction from $2.00 trillion in 

2010 to $1.77 trillion in 2025 and then a rebound to $2.35 trillion by 2050, representing annual 
increases in economic growth of negative 0.8% for the first 15-year period and 1.1% for the second 
25-year period. 

 
¶ For its baseline or mid-demand scenario, Californiaôs GSP will grow from $2.00 trillion in 2010 to 

$2.53 trillion in 2025 and further to $4.99 trillion by 2050, representing annual increases in 
economic growth of 1.6% for the first 15-year period and 2.8% for the second 25-year period. 

 
¶ For its high-demand scenario, Californiaôs GSP will grow from $2.00 trillion in 2010 to $3.05 

trillion in 2025 and further to $7.68 trillion by 2050, representing annual increases in economic 
growth of 2.9% for the first 15-year period and 3.8% for the second 25-year period. 

 

 
Chart 2: California GSP 2005 ï 2050: Three Scenarios (UC Davis) 

 
Conclusion. Even in the most optimistic growth scenario, the rate of expansion of Californiaôs 

economy is expected to slow substantially over the coming decades as compared to the pre-2000 growth 
rate. Nevertheless, in the likeliest scenario, Californiaôs economy is expected, on average, to grow faster than 
its population levels, thereby continuing to put upward pressure on the stateôs energy demand. 
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2.1.3  Employment 

Employment levels are directly related to economic activity: in general, the more an economy 
produces, the more people who are required to produce it, and hence the higher employment levels will be. 
At the same time, employment and energy demand are also related: in general, employed people tend to 
consume more energy than those who are not employed, in part because they can afford it, and in part 
because they engaged in activities (living in larger homes, driving more miles) that result in the greater 
consumption of energy. In addition, the economic activity itself increases energy usage. 
 
 Economic statistics bear out this principle. Historically, according to the California Employment 
Development Department, employment in California grew from 10.9 million in 1980 to 16.7 million in 
1985, an increase of 53%, or an average of 1.7% per yearðjust below the population growth rate for that 
period. The employment growth rate was substantially lower than the economic growth rate during this 
time, suggesting that the majority of the growth in economic output was due to productivity increases rather 
than primarily to an increase in the number of people working. 
 
 For the future, the CEC sets forth three scenarios by which employment levels will grow in California: 
 
¶ For the low-demand scenario, Californiaôs employment levels will grow from 13.8 million in 2010 

to 15.9 million in 2022, an increase of 14% over the 12 years, or an average growth rate of 1.1% 
per year. 

 
¶ For the mid-demand scenario, Californiaôs employment levels will grow from 13.8 million in 2010 

to 15.7 million in 2022, an increase of 15% over the 12 years, or an average growth rate of 1.2% 
per year. 

 
¶ For the high-demand scenario, Californiaôs employment levels will grow from 13.8 million in 2010 

to 16.6 million in 2022, an increase of 20% over the 12 years, or an average growth rate of 1.6% 
per year. 

 
Conclusion. Californiaôs employment growth will roughly parallel the growth of population in the 

state, but likely will be either somewhat or substantially lower than the economic growth rate (depending 
upon the scenarios used)ðsuggesting that in the future, as in the past, growth in economic output will be 
driven more by increases in productivity than by increases in employment. This projection also suggests that 
the level of economic output, more than the employment levels, will determine the course of the stateôs 
energy demand. Nevertheless, even with these limitations, employment growth will serve to put additional 
pressure on energy demand over the coming years and decade. 
 
2.1.4 Household Income 
 

Household income affects energy demand in much the same way as unemployment does: the higher 
the levels of household income, the higher energy demand is likely to be. And, as with economic growth 
and employment levels, household income has been increasing in California over time. From 1980 to 2005, 
the U.S. Census Bureau says, the median California household income grew (in nominal terms) from 
$21,200 per year to $51,185 annually, for an increase of 142%, or 3.6% per year. Because employment 
levels grew only about one-third this fast, this suggests that wages earned by Californians were growing 
substantially over this period. 
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 For the future, according to the CEC, household income in the state is likely to progress according to 
one of three scenarios: 

¶ For the low-demand scenario, Californiaôs average household income will grow from $42,386 in 
2010 to $53,876 in 2022, an increase of 25% over the 12 years, or an average growth rate of 1.9% 
per year. (Note that the base used for this calculation by the U.S. Census Bureau, referenced above, 
differs slightly from that used by the CEC.) 

 
¶ For the mid-demand scenario, Californiaôs average household income will grow from $42,386 in 

2010 to $55,631 in 2022, an increase of 31% over the 12 years, or an average growth rate of 2.3% 
per year. 

 
¶ For the high-demand scenario, Californiaôs average household income will grow from $42,386 in 

2010 to $56,775 in 2022, an increase of 34% over the 12 years, or an average growth rate of 2.5% 
per year. 

 
Conclusion. Average household income will grow slightly faster than employment levels over the next 

dozen years, but somewhat less than the growth levels in overall economic output in the state. Still, as with 
the other economic variables, increasing income will continue to put upward pressure on energy demand. 
 

Overall conclusion. While the primary factors affecting the demand for energy in the state of 
California over the next 12 to 40 years are likely to become neither more intense nor influential than they 
have been, nor are they likely to wane. As a result, the annual growth rate in energy demand is likely to be 
just as pronounced in the near- to mid-term future as it has been over the recent decade. It is to that 
question that we next turn. 
 
2.2 Overall Energy Demand   
 
2.2.1 Current California Energy Demand 
 

According to the EIA, as of 2009, Californians were using 217 million Btu of energy per capita each 
year. That sounds like a great deal of energy useðand it is. However, although California has long had a 
reputation as an ñenergy hog,ò the facts tell a somewhat different story. The state actually ranks 47th out of 
50 states in per capita energy usage. Wyoming and Alaska, ranked #1 and #2, respectively, use almost four 
times as much energy per capita as California does. In fact, Californiaôs per capita energy use is almost 30% 
lower than the U.S. average. 
 
 Considered in the aggregate, Californians used 8,006 trillion Btu of energy in 2009, representing 8.6% 
of total U.S. energy consumption, despite having 12.4% of the total U.S. population. The relative degree of 
petroleum consumption in California is only slightly higher, with California accounting for 9.6% of all 
U.S. petroleum usage. For motor-vehicle gasoline, not surprisingly, Californiaôs energy usage is relatively 
higher, with the state accounting for 10.9% of the U.S. total. While Californiaôs natural gas consumption is 
similarly 9.6% of the U.S. total, Californiaôs coal usage is markedly lower, representing just 0.2% of all coal 
consumed in the United States. Finally, at 885.7 trillion Btu, Californiaôs 2009 retail electricity 
consumption was 7.2% of the U.S. total. 
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 By sector, California consumed the following shares of U.S. energy in 2009: 

¶ Residential sector: 7.3% of the U.S. total. 
¶ Commercial sector: 8.2% of the U.S. total. 
¶ Industrial sector: 6.2% of the U.S. total. 
¶ Transportation sector: 11.6% of the U.S. total. 

 
Conclusion. Californiaôs current energy consumption, while substantial in absolute terms, is well 

below the U.S. average on a per capita basis. California therefore cannot be fairly accused of ñover-
consumingò energy when compared with other U.S. states. 
 
2.2.2  Future California Energy Demand 
 

According to a November 2009 study by the research group Energy and Environmental Economics, 
Inc. (E Three), entitled ñMeeting Californiaôs Long-Term Greenhouse Gas Reduction Goals,ò total 
California energy use will grow from 6.10 quadrillion Btu (quads) in 2008 to 9.93 quads in 2050, using its 
baseline forecast. This represents an increase of 63% over the 42-year time period, or an average annual 
increase of 1.2%. Note that the growth in energy usage is identical to the 1.2% projected population growth 
rate of 1.2% per year through 2025, discussed above, but considerably higher than the 0.7% growth rate per 
year from 2025 to 2050 that was projected in the UC Davis study discussed previously. However, the 
projected growth in energy usage is well below the projected growth rates of the stateôs economic output, 
suggesting continued efficiencies in the stateôs use of energy.  
 
 The E Three study similarly projects that Californiaôs electricity usage will grow from 0.90 quads in 
2008 to the baseline forecast of 1.54 quads in 2050. This represents an increase in electricity usage of 71% 
over 42 years, or an average of 1.3% per yearðonly marginally above the increase in overall energy usage. 
Likewise, consumption of natural gas and allied fuels is expected to grow from 2.56 quads to 3.22 quads 
over this timeða 42-year growth rate of 26%, or an average 0.5% per year. By contrast, liquid petroleum fuel 
usage is projected to rise from 2.64 quads in 2008 to a nearly double 5.17 quads in 2050ða 42-year growth 
of 96%, or an average of 1.6% per year. 
 
 Broken out by sector, the 42-year and average annual average growth rates are as follows: 
 
¶ Residential sector: a total growth in energy usage of 69%, or an average of 1.3% per year. 
¶ Commercial sector: a total growth of 68%, an average, likewise, of 1.3% per year. 
¶ Industrial sector: a total growth of 2%, an average of 0.0% per year (a figure that appears to be an 

anomaly, as judged by the Davis study, below). 
¶ Transportation sector: a total growth of 98%, an average of 1.6% per year. 

 
 
 
 
 
 
 
 
 
 
 



 Powering California ï page 17 
 
 

The UC Davis study, cited earlier, provides another viewpoint, examining changes in various forms of 
energy usage in these four sectors according to five demand scenarios: maximum demand, baseline 
demand/low-efficiency, baseline demand/nominal efficiency, baseline demand/high efficiency, and 
minimum demand. The studyôs findings, covering the period 2005 to 2050, are as follows (see Tables 1 and 
2): 
 
¶ Residential sector: (1) Electricity: a baseline growth of 34% (annual average of 0.7%), ranging 

from 128% (1.8%) for the maximum-demand scenario to a negative 34% (annual average of 
negative 0.9%) for the minimum-demand scenario. (2) Natural gas: a baseline growth of 23% 
(annual average of 0.5%), ranging from 111% (1.7%) for the maximum-demand scenario to a 
negative 36% (negative 1.0%) for the minimum-demand scenario. (Significantly, almost all of the 
projected growth in residential electricity usage is due to population growth, with electricity use per 
single-family household growing by only 4% over the 45-year period in the maximum-demand 
scenario, falling by 10% in the baseline scenario, and falling by 36% in the minimum-demand 
scenario. Similar patterns hold for natural gas usage.) 

 
¶ Commercial sector: (1) Electricity: a baseline growth of 56% (annual average of 1.0%), ranging 

from 115% (1.7%) for the maximum-demand scenario to a negative 5% (negative 0.1%) for the 
minimum-demand scenario. (2) Natural gas: a baseline growth of 43% (annual average of 0.8%), 
ranging from 113% (1.7%) for the maximum-demand scenario to a 3% (0.1%) for the minimum-
demand scenario. 

 
¶ Industrial sector: (1) Electricity: a baseline growth of 86% (annual average of 1.4%), ranging from 

284% (3.0%) for the maximum-demand scenario to a negative 37% (negative 0.7%) for the 
minimum-demand scenario. (2) Natural gas: a baseline growth of 52% (annual average of 0.9%), 
ranging from 219% (2.6%) for the maximum-demand scenario to a negative 53% (negative 1.7%) 
for the minimum-demand scenario. 

 
¶ Transportation sector: the study provides no comparable data on the transportation sector. 

 

 
Table 1; California Electricity Demand 2025 and 2050: Five Scenarios (UC Davis) 
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Table 2: California Natural Gas Demand 2025 and 2050: Five Scenarios (UC Davis) 

 
The California Council on Science & Technology, in a May 2011 report, primarily focused its research 

efforts on assessing ways of reducing greenhouse gas emissions. However, in analyzing data regarding future 
energy demand, the studyôs authors came to a similar conclusion to that above: ñBy 2050,ò they wrote, 
ñCaliforniaôs population is expected to grow from the 2005 level of 37 million to 55 million. Even with 
moderate economic growth and business-as-usual (BAU) efficiency gains, [California] will need roughly 
twice as much energy in 2050 as we use today.ò 
                                                                                                      

Finally, the CEC study looked at growth rates in electricity use for mid-, high-, and low-demand 
scenarios, but only for the period 2010-2022. Still, their findings are instructive. The CEC projects: 
 
¶ Total electricity consumption: an annual growth rate of 1.3% in the mid-demand scenario; 1.5% 

in the high-demand scenario; and 1.1% in the low-demand scenario. 
 
¶ Residential sector: an annual growth rate of 2.0% in the mid-demand scenario; 2.3% in the high-

demand scenario; and 1.8% in the low-demand scenario. 
 
¶ Commercial sector: an annual growth rate of 1.2% in the mid-demand scenario; 1.4% in the high-

demand scenario; and 1.1% in the low-demand scenario. 
 
¶ Industrial sector: an annual growth rate of 0.6% in the mid-demand scenario; 1.2% in the high-

demand scenario; and 0.5% in the low-demand scenario. 
 

Finally, the companion study by Dr. Timothy Considine points out that energy demand will growðeven 
as California makes significant progress in improving energy-efficiency. ñDespite considerable energy-
efficiency improvements,ò the report says, ñCalifornia will continue to need more energy in the future while 
it confronts the fiscal challenges that threaten the stateôs economy. In other words, while energy-
conservation activities will reduce future needs for additional energy supplies, it is unlikely to fully offset 
additional energy requirements from economic and population growth.ò 
 

Conclusion. Regardless of the scenario and sector examined, the clear conclusion is that California will 
require significantly more energy in the future, with annual energy demand growth averaging in the range 
of 1.0% or more in most scenarios, in most sectors, and for most energy types. This growth rate roughly 
parallels the projected growth in Californiaôs population, confirming the projection that Californiaôs energy 
needs will rise roughly in concert with its population.  
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Only in the low-demand scenarios does energy demand rise more slowly (or even fall), but as noted in 
previous sections, these slower energy-growth scenarios are associated with significantly lower or even 
negative economic growth, as well as with somewhat slower income and employment growth, over the 
indicated timeframes. Note, in particular, that these increases in energy needs will take place even if 
California continues to make progress on its already impressive energy-efficiency achievements. 
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3. Energy Supply 
 
3.1 California Energy Supply Overview 
 
3.1.1 Statewide Energy Resources 
 

California has abundant energy reserves. As the EIA writes, ñCalifornia is rich in both conventional 
and renewable energy resources. It has large crude oil and substantial natural gas deposits in six geological 
basins, located in the Central Valley and along the Pacific coasté Seventeen of the Nationôs 100 largest oil 
fields are located in California, including the Belridge South oil field, the third largest oil field in the 
contiguous United States. In addition, Federal assessments indicate that large undiscovered deposits of 
recoverable oil and gas lie offshore in the federally administered Outer Continental Shelf (OCS), which in 
2008 was reopened for potential oil and gas leasing. Californiaôs renewable energy potential is extensive. 
The Stateôs hydroelectric power potential ranks second in the Nation behind Washington State, and 
substantial geothermal and wind power resources are found along the coastal mountain ranges and the 
eastern border with Nevada. High solar energy potential is found in southeastern Californiaôs sunny 
deserts.ò 
 
 Californiaôs petroleum resources are especially extensive. Again, the EIA notes that ñCalifornia is one 
of the top producers of crude oil in the nation, with output accounting for more than one-tenth of total 
U.S. production. Drilling operations are concentrated primarily in Kern County and the Los Angeles basin, 
although substantial production also takes place offshore in both State and Federal watersé A network of 
crude oil pipelines connects production areas to refining centers in the Los Angeles area, the San Francisco 
Bay area, and the Central Valley. California refiners also process large volumes of Alaskan and foreign 
crude oil received at ports in Los Angeles, Long Beach, and the Bay Area. California ranks third in the 
United States in petroleum refining capacity and accounts for more than one-tenth of total U.S. capacity. 
Californiaôs largest refineries are highly sophisticated and are capable of processing a wide variety of crude 
oil types and are designed to yield a high percentage of light products like motor gasoline. To meet strict 
Federal and State environmental regulations, California refineries are configured to produce cleaner fuels, 
including reformulated motor gasoline and low-sulfur diesel.ò 
 
 There are downsides to Californiaôs energy-resources picture, however. The EIA explains that ñcrude 
oil production in California and Alaska is in decline and California refineries have become increasingly 
dependent on foreign imports. Led by Saudi Arabia, Iraq, and Ecuador, foreign suppliers now provide more 
than two-fifths of the crude oil refined in California; however, Californiaôs dependence on foreign oil 
remains less than the national average.ò Moreover, ñCalifornia natural gas production typically accounts for 
less than 2% of total U.S. production and satisfies less than one-fifth of state demand.ò And, ñdue to high 
electricity demand, California imports more electricity than any other state.ò 
 
 By contrast, in terms of renewable energy resources, Californiaôs energy-supply situation is more 
positive. ñCalifornia,ò the EIA notes, ñis one of the largest hydroelectric power producers in the United 
States, and with adequate rainfall, hydroelectric power typically accounts for close to one-fifth of State 
electricity generation. Californiaôs two nuclear power plants account for about 17% of total generationé 
California leads the Nation in electricity generation from non-hydroelectric renewable energy sourcesé 
California is the top producer of geothermal energy in the nation with more than 2,500 megawatts of 
capacity. A facility known as óThe Geysers,ô located in the Mayacamas Mountains north of San Francisco, is 
the largest complex of geothermal power plants in the world, with more than 700 MW of installed capacity. 
California is also a leading producer of wind energy and holds nearly 10% of the nationôs capacity. The 
worldôs largest solar power facility operates in Californiaôs Mojave Desert.ò 
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3.1.2 Californiaôs Energy Supply 
 
Californiaôs current energy portfolio bears both similarities to and differences from the energy 

portfolios of other states. Like most other states, California obtains the majority of its energy from oil and 
natural gas. California, however, receives a much higher proportion of its energy from renewable resources 
(mostly hydroelectric power), and a much lower percentage (almost zero) from coal, which is a dominant 
resource in many other states. In total, according to the most recent data from the EIA, Californiaôs current 
energy supply is as follows (see Chart 3): 
 
¶ Crude oil, 50.9% 
¶ Natural gas, 11.9% 
¶ Nuclear power, 12.8% 
¶ Coal, 0.0% 
¶ Renewables, 24.4% 

 

 
 
    Chart 3: Current California Energy Supply by Type 
 
 Looked at in terms of in-state production versus imported energy, however, the breakouts are markedly 
different (see Chart 4): 
 
¶ 17% from domestically produced crude oil. 
¶ 4% from domestically produced natural gas. 
¶ 4% from nuclear power. 
¶ 8% from renewables (primarily hydroelectric power). 
¶ 67% from imports (primarily crude oil, natural gas, and electricity). 

 
In an October 2011 study, the California Council on Science and Technology concluded that nuclear 

power could play a much more significant role in Californiaôs mid- to long-term energy future. The report 
emphasized that ñthere are no technical barriers to large-scale deployment of nuclear power in Californiaò 
but that there are ñlegislative barriers and public acceptance barriers that have to be overcome to implement 
a scenario that includes a large number of new reactors.ò Researchers speculated that loan guarantees for 
nuclear power would be required until the financial sector was convinced of its viability, but that generation 
costs should be less than for solar. 
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Chart 4: Current California Energy Supply by Source 

 
Conclusion. California has an incredibly rich array of energy resources at its disposal, primarily 

petroleum and natural gas resources. It also possesses significant renewable energy resources, primarily 
hydroelectric resources. However, California now imports for two-thirds of its energy resources to supply its 
populationôs energy needs. 
 
3.1.3 Californiaôs Energy Supply by Sector 
 

There are four principal energy-consuming sectors in California (as is true elsewhere): residential, 
commercial, industrial, and transportation. While the distribution is similar in many respects to that of 
other jurisdictions, there are a number of aspects of the matrix of resources by sector that are more or less 
unique to California (see Table 3). 
 
 One of the most obvious of these unique characteristics is that the largest end-user of energy in 
California, by far, is transportation. The transportation sector in 2009 used 3,203.8 trillion Btu of energy. 
Petroleum products accounted for 96.8% of the transportation sectorôs energy resources, with ethanol 
constituting 2.6% and natural gas 0.6%. Of the total petroleum products used in transportation, 59.5% was 
gasoline, 17.9% was jet fuel, 14.2% was distillate fuel, and 7.8% was residual fuel oil.  
 
 The next largest energy-consuming sector in California is the industrial sector, which includes 
manufacturing, agriculture, and mining. The industrial sector used 1,426.5 trillion Btu of energy in 2009. 
Natural gas accounted for 55.6% of total industrial use in the state and petroleum 28.6%. Electricity was 
the next largest energy source in the industrial sector, constituting 11.4% of the sectorôs energy supplies. 
Coal and renewables each were responsible for just 2.2% of energy used in this sector.  
 
 The third largest energy-using sector in California is the residential sector, which consumed 882.7 
trillion Btu of energy in 2009. Natural gas provided 55.9% of the sectorôs energy use, with electricity 
accounting for 34.7%. Renewables and petroleum provided only 5.8% and 3.5%, respectively, of the 
sectorôs energy. 
 
 Finally, the commercial sector in California consumed 709.2 trillion Btu of energy in 2009. In an 
almost exact reversal of the residential percentages, 58.3% of this energy came from electricity and 35.9% 
was derived from natural gas. Petroleum accounted for 4.4% and renewables for 1.4%. 
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Table 3: Summary of California Energy Consumption by Sector, 2009 

 
 Conclusion. In general, Californiaôs different economic sectors rely on differing combinations of 
energy resources. But one characteristic is clear: petroleum and natural gas account for the substantial 
majority of energy supplies consumed for all sectors except the commercial sector, where electricity 
represents the majority source. By contrast, renewables represent only a relatively small minority of each 
sectorôs energy resources. 
 
3.2 Future U.S. Energy Supply 
 

The studies discussed above consider only energy demand and consumption patterns and generally 
ignore energy supply issues. Indeed, in its 2011 Annual Energy Outlook, the EIA provides one of the few 
comprehensive projections for future energy supply (with some data reported on a regional basis, but mostly 
for the United States as a whole). Even though these figures do not relate directly to Californiaôs projected 
energy supply, the U.S. energy supply system is largely interconnected, and so even EIAôs national 
projections, as discussed below, are at least partially relevant to supply patterns in California. 
 

The EIA considers three primary growth scenarios, as depicted in Chart 5: 
 
¶ A baseline case in which U.S. economic output grows by an average of 2.7% per year from 2009 

to 2035. 
¶ A high-growth case in which U.S. economic output grows by an average of 3.2% per year over the 

same time period. 
¶ A low-growth case in which U.S. economic output grows by an average of 2.1% per year over the 

same time period. 
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Chart 5: EIA Economic Growth Assumptions, 2009 ï 2035 

 
 More recently, the National Petroleum Council (NPC), in a report commissioned by the U.S. 
Department of Energy and released on September 15, 2011, also investigated future U.S. energy supply. 
The draft report, entitled ñPrudent Development: Realizing the Potential of North Americaôs Abundant 
Natural Gas and Oil Resources,ò observed that, over the past five years, ñsignificant technology advances 
have unlocked abundant natural gas and oil resourcesò in the United States. ñThese greatly expanded 
resources have already benefited our country economically.ò 
 
However, ñthe positive outcomes of increased North American natural gas and oil resources can only 

be realized if developed prudentlyéò Specifically, the report notes that ñachieving the economic, 
environmental, and energy security benefits of North American natural gas and oil supplies requires 
responsible approaches to resource production and delivery. Development in different geographic areas, 
such as deepwater offshore basins or onshore areas with shale gas resources in populated areas, required 
different approaches and continued technological advances. But in all locales and conditions, the critical 
path to sustained and expanded resource development in North America includes effective regulation and a 
commitment of industry and regulators to continuous improvement in practices to eliminate or minimize 
environmental risk.ò 
 

The specific findings of the NPC report are discussed following Chart 6 on the next page. 
 
3.2.1 Oil & Petroleum 
 

In its baseline forecast, the EIA projects that total U.S. crude oil supply will decline from 14.7 million 
barrels per day (mbpd) in 2010 to 14.2 bpd in 2035, a decline of 3.3% from 2010 levels. Gross imports also 
are projected to decline, from 9.2 mbpd to 8.3 mbpd. The demand for these products will grow, however. 
The difference will be made up mostly by natural gas liquids, which will rise from 1.96 mbpd to 2.94 mbpd, 
and from renewables (ethanol and biodiesel), whose supply will nearly triple, from 0.89 mbpd to 2.94 
mbpd. 
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 In the EIAôs high-growth scenario, total crude supply rises from 14.7 mbpd in 2010 to 15.3 mbpd in 
2035, an increase of 3.3% over the entire period. Gross imports remain stable at 9.2 mbpd while 
renewables supply increases by more than three times, from 0.89 mbpd to 2.71 mbpd. In the EIAôs low-
growth scenario, total crude supply falls from 14.7 mbpd in 2010 to 13.2 mbpd in 2035, a decrease of 
10.3%. Gross imports fall from 9.2 to 7.6 mbpd, while renewables grows by slightly less than three times, 
from 0.89 mbpd to 2.37 mbpd. Even in the high-growth scenario, however, renewables contribute to only 
11.4% of needed energy supply. (See Chart 6.) 

 
Chart 6: US Crude Oil Supply, 2009 ï 2035 (million barrels per day) 

 
 The NPCôs report provides fewer details of its underlying model, but nevertheless comes to some clear 
conclusions. Specifically, the report notes that, ñcontrary to conventional wisdom, the North American oil 
resource base could provide substantial supply for decades ahead. Through technology leadership and 
sustained investment, the United States and Canada together now constitute the largest oil producer in the 
world. We have world-class resource basins, some of which are located in remote areas offshore and in the 
Arctic. Going forward, access to these resources depends upon responsible development practices being 
consistently deployed.ò Indeed, the report notes, the U.S. is the third-largest oil producer in the world (after 
Russia and Saudi Arabia), with nearly double the production of Iran and China, the fourth- and fifth-largest 
producers. 
 
 As for the future, the NPC considers two scenarios: (1) in the 2035 limited scenario, oil production 
dips slightly from the 2010 level, but still remains approximately 7 million barrels per day; and (2) in the 
2035 high potential scenario (with significant contributions from unconventional sources like oil shale, oil 
sands, and tight oil), oil production more than doubles to approximately 18 million barrels per day. Either 
is possible, but the actual evolution of supply, the organization says, depends heavily on the Federal 
regulatory environment. 
 
 On a slightly different score, Pulitzer Prize-winning economist Daniel Yergin, chairman of IHS 
Cambridge Energy Research Associates, recently addressed the oft-floated claim that the world soon will run 
out of oil.  Writing in an article in The Wall Street Journal entitled ñThere Will Be Oil,ò Dr. Yergin noted 
that, according to this school of thought, ñthe world is fast approaching (or has already reached) a point of 
maximum oil outputò with ñan unprecedented crisis just over the horizon.ò However, he pointed out, this 
was the fifth time in recent decades when the world was said to be running out of oil. Most recently, that 
claim arose in the 1970sðand world oil output has increased by 30% since that time.  
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 Over the next 20 years, global oil production is expected to increase by another 20%. Just in the years 
2007 through 2009, for instance, for every barrel of oil produced in the world, 1.6 barrels of new reserves 
were added. Clearly, the world is not running out of oilðand will not be any time soon. 
 
3.2.2 Natural Gas 
 

In its baseline forecast, the EIA projects that total U.S. natural gas supply will rise from 24.1 trillion 
cubic feet (tcf) in 2010 to 26.6 tcf in 2035, an increase of 10.3% from 2010 levels. In the EIAôs high-growth 
scenario, total natural gas supply rises from 24.2 tcf in 2010 to 29.7 tcf in 2035, an increase of 22.6%. In 
the EIAôs low-growth scenario, total natural gas supply inches up from 24.1 tcf in 2010 to 24.4 tcf in 2035, 
an increase of just 1.2% over the 25-year period (see Chart 7). 

 
Chart 7: US Natural Gas Supply, 2009 ï 2035 (trillion cubic feet) 

 
 By contrast, the NPC describes natural gas as ña very abundant resource,ò declaring that ñAmericaôs 
natural gas resource base is enormousé Thanks to the advances in the application of technology pioneered 
in the United States and Canada, North America has a large, economically accessible natural gas resource 
base that includes significant sources of unconventional gas such as shale gas. This resource base could 
supply over 100 years of demand at todayôs consumption rates.ò Overall, the report notes, ñthe United 
States is now the number one natural gas producer in the world and together with Canada accounts for 
over 25% of global natural gas production.ò 
 
 The future U.S. supply of natural gas has been growing as well: ñNew applications of technologies such 
as horizontal drilling and hydraulic fracturing have brought about [a] recent increase in natural gas 
production and the reassessment of the size of the U.S. recoverable natural gas resource base.ò This 
resource base now ñcould support supply for five or more decades at current or greatly expanded levels of 
use.ò These resources, the report concludes, ñcould allow natural gas to continue to play a central role in 
the North American energy economy into the next century.ò 
 
 Shale oil reserves are a particularly promising potential source of natural gas. A September 29, 2011, 
report in The Wall Street Journal, notes that, because of the more intense development of shale gas, ñU.S. 
natural gas production has surged by more than 25% in the last four years. Yet just a few years ago, 
government reports and long hours of expert testimony on Capitol Hill outlined the need for the U.S. to 
take action to address a growing shortage of natural gas. A crash program was called for to build receiving 
facilities to import foreign supplies of liquefied natural gas (LNG). Many receiving facilities were built at a 
cost of billions of dollars as investors bought into the government assessments. Today, these facilities are 
operating at less than 10% capacity.ò 
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3.2.3 Coal 
 

In its baseline forecast, the EIA projects that total U.S. coal supply will rise from 1.06 billion short 
tons (bst) in 2010 to 1.32 bst in 2035, an increase of 24.6% from 2010 levels. In the EIAôs high-growth 
scenario, total coal supply rises from 1.05 bst in 2010 to 1.36 bst in 2035, an increase of 30.2%. And in the 
EIAôs low-growth scenario, total coal supply grows from 1.06 bst in 2010 to 1.23 bst in 2035, a still-
impressive increase of 16.9% over the 25-year period (see Chart 8). 

 
Chart 8: US Coal Supply, 2009 ï 2035 (billion short tons) 

 
3.2.4 Electricity 
 

Again, in its baseline forecast, the EIA projects that total U.S. electricity supply from all sources will 
rise from 3.9 trillion kilowatt hours (tkWh) in 2010 to 4.6 tkWh in 2035, an increase of 17.0% from 2010 
levels. In the EIAôs high-growth scenario, total electricity supply rises from 3.9 tkWh in 2010 to 4.9 tkWh 
in 2035, an increase of 25.5%. And in the EIAôs low-growth scenario, total electricity supply grows from 3.9 
tkWh in 2010 to 4.3 tkWh in 2035, an increase of 9.1% during that 25-year period (see Chart 9). 

 
Chart 9: US Electricity Supply, 2009 ï 2035 (trillion kWh) 
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3.2.5  Nuclear Power 

Once more in its baseline forecast, the EIA projects that total U.S. production of nuclear power will 
rise from 8.4 quadrillion Btu (quads) in 2010 to 9.1 quads in 2035, an increase of 8.9%. In the EIAôs high-
growth scenario, total nuclear power production rises from 8.4 quads in 2010 to the same 9.1 quads in 
2035, an increase, again, of 8.9%. And in the EIAôs low-growth scenario, total nuclear power production 
grows from 8.4 quads in 2010 to 9.0 quads in 2035, an increase of 7.2% over the 25-year period (see Chart 
10). Clearly, the growth in nuclear power generating capacity will be little influenced by overall economic 
performance. 

 
Chart 10: US Nuclear Power Supply, 2009 ï 2035 (quadrillion Btu) 

 
3.2.6  Total U.S. Energy Supply 
 

Finally, again in its baseline forecast, the EIA projects that total U.S. energy supply from all sources 
will rise from 75.6 quads in 2010 to 94.6 quads in 2035, an increase of 25.1%. In the EIAôs high-growth 
scenario, total U.S. energy supply grows from 75.6 quads in 2010 to the same 100.3 quads in 2035, an 
increase, again, of 32.7%. And in the EIAôs low-growth scenario, total U.S. energy supply grows from 75.6 
quads in 2010 to 89.1 quads in 2035, an increase of 17.7% over the 25-year period (see Chart 11). 
 

 
Chart 11: Total US Energy Supply, 2009 ï 2035 (quadrillion Btu) 
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Conclusion. Total U.S. energy supply is expected to rise by a substantial 25.1% over the next 25 years. 
This is almost identical to the projected 25.5% increase in the U.S. population age 16 and above during the 
same period. However, even if Californiaôs energy supplies were to grow by a comparable percentage, they 
would fall well short of the 33.7% increase in Californiaôs population and the estimated 57.2% increase in 
Californiaôs economic output during the same time period, as calculated using data from the California 
Energy Commission. As a result of these disparities, Californiaôs energy supplies are likely to be under 
serious pressure to keep up with statewide energy demand. While the U.S. data indicate that some of this 
increased demand may be satisfied by renewable energy resources, if the projected U.S. experience is any 
guide, the vast majority of energy supplies in California during the near- and mid-term will continue to 
come from conventional energy sources, primarily fossil fuels. 
 
3.3 Future California Energy Supply 
 

Only a few studies look at the future supply of energy in California. The companion study by Dr. 
Timothy Considine is one, and its results will be referenced periodically throughout this report. But the 
studyôs principal observation regarding Californiaôs future energy supplies clearly demonstrates the pathway 
open to the state. ñOutside Alaska,ò Dr. Considine writes, ñCalifornia has the largest untapped potential 
for additional oil and gas production in the United States. Offshore California contains more than 10 
billion barrels of oil and nearly 12 trillion cubic feet of natural gas. Onshore, the Monterey Shale may 
contain more than 15 billion barrels of oil. At current market prices, these reserves are worth more than $2 
trillion.ò 
 
A variety of other studies and reports examine elements of Californiaôs future energy supplies. Most of 

these focus on petroleum supply specificallyðand, in particular, the balance between domestically produced 
and imported crude oil. 
 
3.3.1 The Historical Decline in Crude Oil Production 
 
Rather than rising to meet demand, Californiaôs (and the United Statesô) crude oil production has 

been declining in recent years. As the Considine study bluntly puts it, ñin 1970, California produced 62% 
of its energy, yet by 2009 the state imported 67% of its energy needs.ò A May 11, 2011, presentation by the 
California Energy Commission, entitled ñCrude Oil Import Forecast & HCICO Screening,ò along with an 
earlier CEC report, ñOutlook for Crude Oil Imports into Californiaò (July 12, 2007), go further, noting 
that: 
 
¶ California crude oil production, at 613,000 bpd in 2010, had declined 47% over the previous 25 

years (since 1985). 
¶ Over the same time span, Alaskan crude oil production had declined by 65% and production in 

the rest of the United States by 48%. 
¶ Californiaôs onshore production fell from a peak of approximately 360,000 bpd in 1985 to less 

than half that (approximately 170,000 bpd) by 2009. Likewise, offshore oil production fell from 
peaks of just over 60,000 bpd in 1985 and nearly 100,000 bpd in 1995 to only about 40,000 bpd 
by 2009. 

¶ This crude oil production decline was expected to continue into the future, despite sustained 
higher prices and significant drilling activity. 

¶ As a result, foreign crude oil imports into California had increased by 16.1% per year between 
1986 and 2006 and somewhat less thereafter, such that crude oil imports in 2010 were more than 
71% greater than the levels of 2000 and more than five times greater than they were in 1985. 
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3.3.2 The Domestic/Imported Crude Oil Balance 
 

The Los Angeles Economic Development Corporation, in its 2008 study referenced earlier, projects 
that, from 2005 to 2019, the consumption of crude oil by California refineries is expected to increase from 
1.8 million barrels per day (mbpd) to 2.3 mbpd. The study forecasts that the sources of this oil will shift 
dramatically over this time period: 
 
¶ Crude oil from Alaskaôs North Slope (ANS) used in California will decline from 374,000 barrels 

per day (bpd) to zero. 
¶ Crude oil pumped in-state will decline from 696,000 bpd to 423,000 bpd. 
¶ The stateôs reliance on imports will more than double over this time, rising from 737,000 bpd to 

1.87 million bpd. 
 
The LAEDC points out that ñThe decline of in-state production is particularly important because it 

means California will have to import an additional 273,000 bpd of crude oil even if demand were to 
remain constantðwhich it obviously will not do.ò 
 
3.3.3 The Implications of Rising Crude Oil Imports 
 

The LAEDC notes two important implications of this substantial projected increase in crude oil 
imports into California, as follows: 
 
¶ First, the LAEDC report notes, ñThe supply of refined petroleum products is already tight in 

California, as it is throughout the country. As petroleum demand in the state increases, supplies 
will tighten even further, and ñtight supplies will translate into higher prices for gasoline, diesel, 
and jet fuel.ò Moreover, ñCalifornia will have to import more refined products in addition to 
importing more crude oil.ò 

 
¶ Second, due to the increase in imports, waterborne (i.e., ship-borne) cruel oil will rise from 1.11 

mbpd in 2005 to 1.87 mbpd by 2019, an increase of 745,000 bpd, or 68.5% in just 14 years. 
ñWill California crude oil terminals and pipelines be able to receive and distribute 745,000 
additional barrels per day?ò the report asks, and then answers: ñIf they cannot, this will artificially 
restrict the supply of crude oil in California, which [also] will translate into higher prices.ò 

 
3.3.4  Future Scenarios for Crude Oil Imports 
 

Based on the above trends, the LAEDC notes that, by 2019, California will need to bring in an 
additional 760,000 bpd of crude oil by shipð491,000 in Southern California alone. This course suggests 
three likely scenarios for importing crude oil into California: 
 
¶ Scenario #1. No or limited capacity expansion. In this scenario, California ignores the looming 

problem of how to handle the rising need for crude oil imports. Lacking sufficient capacity, 
ñcrude oil terminals become the weak link in Californiaôs energy supply,ò resulting in sharply 
higher prices. 

 
¶ Scenario #2. Capacity expansion. In this scenario, oil terminal capacity in the state keeps up with 
the growing need for imported oil. As a result, ñCalifornia avoids a bottleneck in the import of 
crude oil and keeps prices from spiking due to scarcity.ò 
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¶ Scenario #3. Additional capacity. In this scenario, crude oil imports accelerate even more rapidly. 

Because crude oil import facilities in Southern California are already at capacity, the number of 
ships required to bring in the required oil rises, increasing both transportation and 
environmental costs. 

 
Conclusion. Californiaôs energy resources for the future are potentially greatðif they are developed. 

Outside Alaska, California has the largest untapped potential for additional oil and gas production in the 
United States. Offshore California contains more than 10 billion barrels of oil and nearly 12 trillion cubic 
feet of natural gas. Onshore, the Monterey Shale may contain more than 15 billion barrels of oil. At current 
market prices, these reserves are worth more than $2 trillion. 
 
3.4 The Role of Renewables in Energy Supply 
 
3.4.1  Renewables in the U.S. and Global Energy Portfolios 
 
Throughout the public policy community, one of the most common views of both Californiaôs and the 

nationôs energy future is that it will be built largely on renewable energy resources. Defining this renewables-
reliant future is a key purpose, for instance, of the E-Three report ñMeeting Californiaôs Long-Term 
Greenhouse Gas Reduction Goalsò and of the California Council on Science and Technology study 
ñCaliforniaôs Energy FutureðThe View to 2050,ò referred to earlier. 
 

These studies do, indeed, demonstrate that there are potential renewables-reliant energy futures. The 
key variable, however, is not whether that future will come about, but when and what it will cost. The 
current report accepts as a near-certainty that both Californiaôs and the nationôs future energy portfolios will 
be substantially different than the existing ones, and that these future energy portfolios will be based largely 
on new technologies. The question explored here is: what will take us there? Or, metaphorically, what is the 
bridge to that energy future? Will renewables become the primary stanchions of that bridge in the near-
term, or will other energy sources be required for some indefinite time? 
 

Fortunately, many existing energy studies address these questions directly. For instance, in its 2011 
Annual Energy Outlook, the EIA forecasts the growth in energy supply resulting from renewable energy 
resources. The headline is a positive one: in its baseline forecast, the amount of energy produced from 
renewable energy sources grows from 7.8 quads to 14.9 quadsða jump of more than 92.2% in just 26 years. 
The proportional increase for the high-growth case is 107.7% and, for the low-growth case, 81.5% (see 
Chart 12). 
 

 
Chart 12: Relative Growth in Renewables, 2009 ï 2035 (% Growth) 
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However, a closer look at these figures reveals reason for caution. The majority of this increase, in 
absolute terms, comes from hydropower and biomass (mostly wood). While the contribution of other 
renewable energy sources, including wind and solar, also increases by significant percentages (109.1% in the 
baseline case, 124.7% in the high-growth case, and 81.2% in the low-growth case), the absolute 
contribution of these high-profile renewables grows from 1.54 quads to just 3.22 quads in the baseline case 
(and to 3.46 quads in the high-growth case and 2.79 quads in the low-growth case). As a result, in the 
baseline case, the high-profile renewables contribute just 3.4% of all energy produced in the United States 
in 2035. The proportion is 3.5% in the high-growth case and 3.1% in the low-growth case. 
 
 The NRC report, previously referenced, also contends that renewablesðwhile promising a bright 
future over the long termðstill will satisfy only a minority of Americaôs energy needs in the near- to mid-
term. ñEven as the United States uses energy much more efficiently and diversifies its energy mix,ò the 
report explains, ñAmericans will need natural gas and oil for the foreseeable futureé [T]hese fuels are 
critical in the U.S. economy, particularly as part of a strategy to transition towards a low-carbon energy mix 
in the future.ò 
 

By way of comparison, renewables in the global energy portfolio are much more significantðfully 10% 
of all energy produced globally in 2008. However, even here, the renewables potential is constrained. 
According to the EIAôs ñInternational Energy Outlook 2011,ò ñRenewable energy is the worldôs fastest 
growing form of energy, and the renewable share of total energy use increases from 10% in 2008 to 14% in 
2035ò in the baseline forecast. 
 
3.4.2 Renewables in the California Energy Portfolio 
 

The arena of renewables is one of the few in which the 2011 Annual Energy Outlook provides at least 
some data specifically for California. Again, the raw figures are impressive. In California, in the baseline 
case, production of electricity from renewables is projected to grow from 54.4 billion kilowatt hours (bkWh) 
in 2010 to 94.89 bkWh in 2035, for a growth rate of 74.3% over the 25-year period. For the high-growth 
case, the comparable percentage increase is 76.8% and, for the low-growth case, 62.3%. (The EIA provides 
figures for California for electricity only, and not for all energy supply.) 
 
 The proportional gains for individual renewable technologies vary but, in general, are quite high as 
well. For instance, while electricity generation from hydropower grows only 28.2% and from biomass only 
1.7% in the baseline case over this period, the respective growth figures for other renewable sources are 
much greater. Specifically: 
 
¶ For geothermal, 252%. 
¶ For solar thermal, 127%. 
 

¶ For solar photovoltaic, 850%. 
¶ For wind, 44.7%. 

 
Nevertheless, these increases are from a very low base. When looked at compared to overall electricity 

generation, renewables on the whole contributed 27.9% of total electricity generation in California in 
2010, a figure that is projected to rise to 34.9% by 2035, under EIAôs baseline scenario, a proportional 
increase of about one-quarter. The contributions of the individual renewable sources to the stateôs electricity 
production under this scenario by 2035 are as follows (see Chart 13): 
 
¶ Conventional hydropower, 14.8% 
¶ Geothermal, 13.7% 
¶ Wood & other biomass, 0.6% 

¶ Solar thermal, 0.6% 
¶ Solar photovoltaic, 0.1% 
¶ Wind, 4.4% 
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Chart 13: Renewables Contribution to California Energy, 2035 

 
 In other words, the high-profile ñnewò renewables (i.e., solar and wind) are expected to account for less 
than 6.0% of Californiaôs electricity production even by 2035. One of the key reasons is that such 
renewables will continue to be significantly more costly than the alternatives. For instance, the EIA 
estimates that generating a megawatt-hour of electricity currently costs more than three times as much with 
solar power as with natural gas, while the Electric Power Research Institute (EPRI) places the differential at 
nearly six-fold, and projects that this differential will endure until at least 2025. By contrast, conventional 
energy sources will account for the following percentages of Californiaôs electricity production: 
 
¶ Natural gas, 42.2% 
¶ Nuclear, 16.8% 
¶ Coal, 6.1% 

 
These figures are not fundamentally different for either the high-growth or low-growth scenarios. 

However, that they may differ under the implementation of the California Renewables Portfolio Standard 
(RPS), as discussed in detail in the companion analysis by Dr. Timothy Considine. 
 
 Conclusion. Despite their long-term potential, the high-profile renewable energy sources are not 
expected to make major contributions to either the U.S. or California energy supply in the near- or mid-
term, at least outside the mandates of the California RPS. In the baseline EIA case, even by 2035, these 
renewables will contribute no more than 3.4% of total U.S. energy supply and no more than 6.0% of total 
California electricity production. 
 
3.5 Energy Supply in Alternative EIA Scenarios 
 

In addition to examining energy supply outcomes for baseline, high-growth, and low-growth scenarios, 
the EIA also investigated the impact of various economic, technological, and policy scenarios on energy 
consumption, supply, and prices. We will examine below the results of a number of the most relevant 
simulations. As we do, note that, while the EIA provides most of these forecasts only for the United States 
as a whole, for a certain segment of the analyses the agency supplies figures for the Pacific Region, which 
includes not only California but also Oregon, Washington, Alaska, and Hawaii. Since Californiaôs energy 
activity dominates this group of states, the Pacific Region data sets should serve as a reasonable surrogate for 
California energy consumption and supply, and is used as the basis for the discussion that follows except in 
areas where otherwise specified. 
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3.5.1 Fossil-Fuel Technology Costs 
 

The EIA looked at two main scenarios regarding fossil-fuel technology costs: (1) high technology costs, 
by which the costs of developing new fossil-fuel extraction and usage technologies do not fall below the 
current level through 2035; and (2) low technology costs, by which the costs of developing new fossil-fuel 
technologies immediately fall 20% below baseline costs and decline further until they are 40% below 
baseline costs by the year 2035. 
 
 The effect of fossil-fuel technology costs on the total consumption of energy in the Pacific Region by 
2035 is minor. Total Pacific Region energy consumption is: (1) 14.25 quads in the high technology-cost 
case; and (2) 14.03 quads in the low technology-cost case. Both figures compare to a baseline energy 
consumption level of 14.31 quads in 2035. The impact of fossil-fuel technology costs on the use of 
renewable energy (all renewables, not just solar and wind) is similarly small: (1) in the high technology-cost 
case, renewables of all types account for 24.6% of all energy consumption in 2035, not appreciably different 
from the 24.7% in the baseline case; and (2) in the low technology-cost case, renewables account for 23.7% 
of all energy consumption in 2035. All of these latter figures are only about one-third higher than the 
18.2% that renewables contributed to Pacific Region energy consumption in 2010. 
 
 The impact of the differences in high and low fossil-fuel technology costs on both the level of total 
U.S. oil and gas imports and on the level of U.S. domestic oil and gas production is similarly negligible. 
 
3.5.2 Nuclear Technology Costs 
 

A second set of variables examined the effect of nuclear technology costs, specifically: (1) high nuclear 
technology costs, by which the costs of developing new nuclear energy technologies do not fall below the 
current level through 2035; and (2) low nuclear technology costs, by which the costs of new nuclear energy 
technologies immediately fall 20% below baseline costs and decline further until they are 40% below 
baseline costs by the year 2035. 
 
  The effect of nuclear technology costs on the total consumption of energy in the Pacific Region by 
2035 is small. Total Pacific Region energy consumption is: (1) 14.29 quads in the high technology-cost case; 
and (2) 14.18 quads in the low technology-cost case. Again, both figures compare to a baseline energy 
consumption level of 14.31 quads in 2035. In fact, the posited technology-cost differences do not even 
affect nuclear energy use over the medium term, as the proportion of electricity generated from nuclear 
power in 2035 is the same under both scenarios. In other words, even fairly significant changes in nuclear 
technology costs are unlikely to have a significant impact on nuclearôs contribution to the future California 
energy portfolio, probably due to the long lead times for plant construction, the restrictive permitting 
process, and related factors. 
 

Finally, and as one might expect, there is also a negligible effect of nuclear technology costs on 
renewable energy use: (1) in the high technology-cost case, renewables of all types account for 24.8% of all 
energy consumption in 2035, again not appreciably different from the 24.7% in the baseline case; and, (2) 
in the low technology-cost case, renewables account for 24.5% of all energy consumption in 2035. 
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3.5.3 Renewable Technology Costs 
 

A third EIA simulation probed the effect of the cost of renewables technologyða highly relevant 
consideration given the public interest in trying to speed up the development and use of renewable energy 
sources. The two variables considered were: (1) high renewables technology costs, by which the costs of 
developing new non-hydropower renewables technologies do not fall below the current level through 2035; 
and (2) low renewables technology costs, by which the costs of new non-hydropower renewables 
technologies immediately fall 20% below baseline costs and decline further until they are 40% below 
baseline costs by the year 2035. 
 
  The effect of renewables technology costs on the total consumption of energy in the Pacific Region by 
2035, as in other scenarios, is projected to be relatively small. Total Pacific Region energy consumption is: 
(1) 14.03 quads in the high technology-cost case; and (2) 14.50 quads in the low technology-cost case. 
Again, both figures compare to a baseline energy consumption level of 14.31 quads in 2035. 
 

There is a somewhat more pronounced (albeit still relatively minor) impact of renewables technology 
cost differences on the use of renewable energy sources themselves: (1) in the high technology-cost case, 
renewables of all types account for 23.5% of all energy consumption in 2035, again not appreciably 
different from the 24.7% in the baseline case; and (2) in the low technology-cost case, renewables account 
for 26.4% of all energy consumption in 2035. In other words, even when the development and deployment 
costs of non-hydropower renewable energy sources fall to 40% below baseline costs, the proportion of all 
energy consumption that renewable energy sources account for jumps by less than one-tenth, even over a 
horizon of a quarter of a century. 
 
3.5.4 Oil & Gas Technology Development 
 

A fourth set of variables examined the effect of the availability of new oil and gas technologies, 
specifically: (1) a slow-technology case, in which improvements in oil and gas exploration and development 
costs, production rates, and success rates fall 50% below the baseline level; and (2) a rapid-technology case, 
in which improvements in oil and gas exploration and development costs, production rates, and success 
rates increase to 50% above the baseline level. 
 
  The effect of new oil and gas technologies on the total consumption of energy in the Pacific Region by 
2035 are somewhat greater than in other scenarios, though still relatively minor. Total energy consumption 
is: (1) 14.42 quads in the slow-technology case; and (2) 14.25 quads in the rapid-technology case. Again, 
both figures compare to a baseline energy consumption level of 14.31 quads in 2035. The speed of 
technology development has negligible effect on the consumption of petroleum products over the horizon 
of the study, but does affect the intensity of the use of natural gas: (1) in the slow-technology scenario, 
natural gas accounts for 22.8% of all of the energy consumed in the Pacific Region in 2035; whereas, (2) in 
the rapid-technology scenario, natural gas is responsible for 24.1% of all energy consumed in the state. This 
compares to a baseline consumption of 23.7%. 
 

The EIA study, unfortunately, did not report the future effects of oil and gas technology development 
on the proportion of oil and gas accounted for by imports within the Pacific Region. It did so, however, for 
the United States as a wholeðalthough these effects are relatively minor. For the entire United States, total 
oil and gas imports account for 24.9% of total energy consumption in 2035 in the slow-technology case but 
24.2% of consumption in the rapid-technology case. Similarly, oil and gas imports account for 41.6% of 
total oil and gas consumption in 2035 in the slow-technology case but 39.6% of total oil and gas 
consumption in the rapid-technology case. As noted, the figures for these scenarios are somewhat but not 
markedly different from those of the baseline case in 2035ðwhich are, respectively, 24.5% and 40.5%. 
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 The United States analysis also looked at the future effects of oil and gas technology development on 
domestic oil and gas production. As the mirror image of import levels, domestic production of oil and 
natural gas in the baseline case accounts for 38.3% of all U.S. energy consumption in 2035 and 63.4% of 
total U.S. consumption of oil and natural gas (the figures for imports and production do not add to 100% 
because of small quantities of exports of these fuels, not considered here). In comparable figures for the two 
scenarios, domestic production of oil and gas technology accounts: (1) in the slow-technology case, for 
37.0% of all U.S. energy consumption in 2035 and for 61.8% of oil and gas consumption; and (2) in the 
rapid-technology case, for 38.9% of all U.S. energy consumption in 2035 and for 63.9% of oil and gas 
consumption. In other words, with the faster development of new oil and gas technologies, U.S. oil and gas 
exports fall and domestic U.S. oil and gas production increase, although the relative effects are not large. 
 
 In concert with the elevated use of natural gas, the intensity of use of renewables actually falls slightly 
over time in these three EIA scenarios. Specifically: (1) in the slow-technology case, renewables of all types 
account for 24.9% of all energy consumption in 2035, again not appreciably different from the 24.7% in 
the baseline case; and (2) in the rapid-technology case, renewables account for 24.2% of all energy 
consumption in 2035. 
 
3.5.5 Outer Continental (OCS) Development 
 

A fifth EIA scenario investigated the impact of the oil exploration and reserves available on the U.S. 
Outer Continental Shelf (OCS). Three sub-cases were posited: (1) in the high OCS-resource case, 
undeveloped oil and natural gas resources on the OCS were assumed to be three times greater than in the 
baseline case; (2) in the high OCS-costs case, the costs for exploration on the OCS were assumed to be 30% 
greater than in the baseline; and (3) in the reduced OCS-access case, no new lease sales occur on the OCS 
region of the Eastern Gulf of Mexico, the Pacific Ocean, or the Atlantic Ocean through 2035. 
 
  The effects of OCS resource and policy differences on the total consumption of energy by 2035 are 
small. Total energy consumption is: (1) 14.34 quads in the high OCS-resource case; (2) 14.31 quads in the 
high OCS-costs case; and (3) 14.24 quads in the reduced OCS-access case. Again, both figures compare to a 
baseline energy consumption level of 14.31 quads in 2035. The three scenarios have negligible effects on 
the relative consumption of oil and natural gas. 
 

As before, the EIA study did not report the effects of the proportion of oil and gas accounted for by 
imports within the Pacific Region over the studyôs time horizon. For the United States as a whole, however, 
total oil and gas imports account for: (1) 22.5% of total energy consumption in 2035 in the high OCS-
resource case; (2) 24.8% of consumption in the high OCS-costs case; and (3) 25.2% of consumption in the 
reduced OCS-access case. Looking at oil and gas alone, total oil and gas imports account for: (1) 37.2% of 
total oil and gas consumption in 2035 in the high OCS-resource case; (2) 41.3% of total oil and gas 
consumption in the high OCS-costs case; and (3) 41.7% of total oil and gas consumption in the reduced 
OCS-access case. As before, the comparable figures for the baseline case in 2035 are, respectively, 24.5% 
and 40.5%. (See Chart 14.) 
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Chart 14: Effect of OCS Policies on US Oil & Gas Imports (% of Total) 

 
 As the mirror image of import levels, U.S. domestic production of oil and natural gas accounts for: (1) 
40.5% of total U.S. energy consumption in 2035 in the high OCS-resource case; (2) 37.7% of consumption 
in the high OCS-costs case; and (2) 37.5% of total U.S. energy consumption in the reduced OCS-access 
case. Similarly, domestic oil and gas production accounts for: (1) 66.9% of U.S. oil and gas consumption in 
2035 in the high OCS-resource case; (2) 62.6% of U.S. oil and gas consumption in the high OCS-costs case; 
and (3) 62.2% of U.S. oil and gas consumption in the reduced OCS-access case.  
 

As before, the comparable figures for the baseline case in 2035 are, respectively, 38.9% and 63.9%. 
(Again, the figures for imports and domestic production do not add to 100% because of small quantities of 
exports of these fuels, not considered here.) 
 

From the above, we can draw the following: unlike some other economic or policy parameters, the cost 
and degree of OCS access seem to have rather significant effects on both domestic energy supply and energy 
imports. Specifically, oil and gas imports as a proportion of both total U.S. energy consumption and U.S. 
oil and gas consumption are nearly 9% greater for the high OCS-costs and for reduced OCS-access 
scenarios than they are for the baseline, and are more than 11% greater than they are in the high OCS-
resource case.  
 

Likewise, U.S. domestic oil and gas production as a proportion of both total U.S. energy consumption 
and U.S. oil and gas consumption is more than 3% less for the high OCS-costs and for the reduced-OCS 
cases than they are for the baseline, and some 7% less than they are for the high OCS-resource case. Greater 
opportunities on the OCS therefore can appreciably reduce the United Statesô (and, by extension, 
Californiaôs) dependency on imports of oil and natural gas via increased domestic production of these 
resources, while greater restrictions on OCS activity can appreciably increase oil and gas imports via 
reduced domestic production of these same resources. 
 
 Despite the effect of these differing scenarios on the import and domestic production of oil and 
natural gas, the effects of the scenario differences on the use of renewable energy sources is minor: (1) in the 
high OCS-resource case, renewables of all types account for 24.5% of all energy consumption in 2035, 
again not appreciably different from the 24.7% in the baseline case; (2) in the high OCS-costs case, 
renewables account for 24.9% of all energy consumption in 2035; and (3) in the reduced OCS-access case; 
renewables account for 24.6% of all energy consumption in 2035. 
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3.5.6 Coal  Costs 
 

A sixth EIA scenario examined the impact of coal costs, specifically: (1) in the high coal costs case, 
productivity growth for coal mining was lower and costs for wages, equipment, mine supply, and 
transportation higher than in the baseline case; and (2) in the low coal costs case, productivity growth for 
coal mining was higher and costs for wages, equipment, mine supply, and transportation lower than in the 
baseline case. 
 
 The effect of coal costs on the total consumption of energy by 2035 are relatively small, in part because 
coal plays such a small role in energy supply in the Pacific region (especially as compared with the Eastern 
United States). Total energy consumption is: (1) 14.32 quads in the high-cost case; and (2) 14.26 quads in 
the low-cost case. Again, both figures compare to a baseline energy consumption level of 14.31 quads in 
2035. The effects of coal costs on the relative consumption of oil, gas, natural renewables, and even coal 
itself are minor. 
 
3.5.7 Shale Recovery 
 

A seventh EIA scenario looked at the impact of shale-recovery success, specifically: (1) a high shale-
recovery case, in which the total unproven but technically recoverable shale resources were approximately 
50% higher than the baseline; and (2) a low shale-recovery case, in which the total unproven but technically 
recoverable shale resources were approximately 50% lower than the baseline. 
 
 The effects of shale-recovery success on the total consumption of energy by 2035 are somewhat greater 
than for coal costs. Total energy consumption is: (1) 14.26 quads in the high-recovery case; and (2) 14.45 
quads in the low-recovery case. Again, both figures compare to a baseline energy consumption level of 14.31 
quads in 2035. As with coal costs, however, the effects of shale-recovery success on the relative consumption 
of oil, natural gas, renewables, and coal are minor. 
 
3.5.8 Oil Prices 
 

An eighth EIA scenario examined the effect of oil prices, specifically: (1) in the high-price scenario, 
crude oil prices were projected to be $200 per barrel in 2035 (versus $125 per barrel in the baseline case); 
and (2) in the low-price case, crude oil prices were projected to be $50 per barrel. 
 
 As one would expect, the effect of differing oil price levels (especially as pronounced as they are in the 
studyôs scenarios) by 2035 are fairly significant. Total energy consumption is: (1) 14.07 quads in the high-
price case; and (2) 14.59 quads in the low-price case. Again, both figures compare to a baseline energy 
consumption level of 14.31 quads in 2035. 
 

Despite this overall difference, however, the effect on the energy mix is fairly small. For instance, 
natural gas constitutes 26.1% of all energy consumption in 2035 in the high-price scenario but still 24.4% 
of all energy consumption in the low-price scenario. Likewise, renewables constitute 25.5% of all energy 
consumption in 2035 in the high-price scenario but 23.4% of all consumption in the low-price scenario. 
While these differences are not trivial, it is important to keep in mind how they are derived: in these 
scenarios, oil prices differ by a factor of four, and yet the contribution of natural gas and renewables vary by 
a couple of percentage points at mostðand this after 25 years of adjustments. 
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 In contrast, as one might predict, the effect of oil prices on the level of oil and gas imports is 
considerable. In the high-price scenario, oil and gas imports account for just 16.0% of total U.S. energy 
consumption in 2035, and 27.7% of total U.S. oil and gas consumption in that same year. By contrast, in 
the low-price scenario, oil and gas imports account for 31.5% of total U.S. energy consumption in 2035, 
and 50.3% of total U.S. oil and gas consumption in that year. 
 
 Looked at from the standpoint of production, this effect is equally strong. In the high-price scenario, 
domestic oil and gas production account for 40.6% of total U.S. energy consumption in 2035, and 70.4% 
of total U.S. oil and gas consumption in that year. By contrast, in the low-price scenario, domestic oil and 
gas production account for just 34.5% of total U.S. energy consumption in 2035, and just 55.0% of total 
U.S. oil and gas consumption in that year. The international level of crude oil prices, therefore, has a major 
and not unexpected effect on both domestic oil and gas production and, as a result, on oil and gas imports. 
 
3.5.9 Greenhouse Gas Controls 
 

A ninth EIA scenario looked at the impact of strict environmental constraints on the production and 
use of energy. The specific assumption was that the carbon allowance fee was set to the level of the cost 
containment provision as established in both the American Power Act of 2010 and the American Clean 
Energy and Security Act of 2009. 
 
 The effect of these greenhouse gas controls on the total consumption of energy in the Pacific Region 
by 2035 is relatively small. Total energy consumption in 2035 is 14.49 quads under the scenario, actually 
somewhat higher than the baseline forecast energy consumption level of 14.31 quads. The controls also 
result in an increase in the proportion of energy consumption accounted for by renewable sources in 2035: 
26.2% for this scenario versus 24.7% for the baseline case. Again, while the figure is not trivial, it is also not 
terribly dramatic: very strict greenhouse gas controls do not lower overall energy consumption, and they 
increase the proportion of energy use accounted for by renewables by only 6%ðand this after 25 years of 
operation. 
  

Overall Conclusion. In most instances, the EIA simulation analyses reveal only limited effects on year-
2035 Pacific Region energy consumption and supply due to economic, technological, or policy changes. 
However, there are a few areas in which rather substantial changes are evidentðor else in which expected 
changes do not occur. These areas include: 
 
¶ OCS development. One of the most pronounced effects identified in the analysis lies in the effect 

of outer continental shelf (OCS) access and development. Specifically, severe restrictions on OCS 
development (in the form of no new leases through 2035) increase U.S. oil and gas imports by 
9% over the baseline and reduce domestic U.S. oil and gas production by 3%. More rigorous 
OCS leasing would have the opposite effect: domestic oil and natural gas production would 
increase by nearly 7% if significant new OCS reserves were discovered and developed. 

 
¶ Oil prices. A second, very pronounced effect occurs with respect to oil and gas prices. Future oil 

and gas imports as a proportion of U.S. energy consumption are nearly twice as high when global 
crude oil prices are $50 a barrel as they are when they are $200 a barrel. However, domestic U.S. 
oil and gas production as a proportion of U.S. energy consumption is one-fourth higher in the 
high-price versus the low-price scenario. 

 
¶ Renewables technology costs. Even a 40% drop in the technology costs of developing and 

deploying renewable energy sources results in only about a one-tenth increase in the proportion of 
energy consumption accounted for by renewable energy. 
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¶ Oil and gas technology. Faster development of new oil and gas technologies do result in a slight 
drop in oil and gas imports and a slight increase in domestic oil and gas production, although the 
effects are relatively small. 

 
¶ Nuclear technology costs. Likewise, even fairly significant changes in nuclear technology costs are 
unlikely to have a significant impact on nuclearôs contribution to the future California energy 
portfolio, probably due to the long lead times for plant construction, the restrictive permitting 
process, and related factors. 

 
¶ Greenhouse gas restrictions. Strict greenhouse gas controls do not lower overall energy 

consumption in the Pacific Region by 2035, and they increase the proportion of energy use 
accounted for by renewables by only 6%ðand this after 25 years of operation. 

 
¶ The bottom line. Essentially regardless of the scenario studied, neither the increased use of 

renewable energy sources nor the faster implementation of new non-renewable technologies is 
expected to have a major effect on either Pacific Region or U.S. energy consumption and supply 
in the near- or middle-term. At least through 2035, both Pacific Region and U.S. energy supply 
will remain heavily dependent, as it is today, on conventional fossil-fuel energy sourcesðnamely, 
oil, natural gas, and (primarily outside the Pacific Region) coal. 
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4. Energy Prices 
 
4.1 Energy Price Overview 
 

The EIA further examined the future course of energy prices in the Pacific Region according to three 
economic growth scenarios and found that prices generally will rise, although not in all cases. As might be 
expected, the price increases will be greatest in the high-growth case and lowest in the low-growth scenario. 
However, the differences among the scenarios, while noteworthy, are usually not dramatic. 
 

In its aggregate conclusion, the EIA projected that total non-renewable energy expenditures across all 
energy types and all sectors, in real (inflation-adjusted) dollars, will grow by 46.1% in the baseline scenario. 
The increase for the high-growth scenario is projected to be 64.1% and, for the low-growth scenario, 29.6% 
 
4.1.1  Price Increases by Energy Type 
 

The EIA also projected real price increases by energy type. The relative increases for the most 
prominent energy sources are as follows (see Table 4): 
 
¶ Motor-vehicle fuel prices. In the baseline case, motor-vehicle fuel prices rise by 36.2% by the year 

2035. The increase is 42.2% for the high-growth scenario and 30.6% for the low-growth scenario. 
 
¶ Residential fuel oil prices. In the baseline case, residential fuel oil prices rise by 60.5% by the 

year 2035. The increase is 66.5% for the high-growth scenario and 58.7% for the low-growth 
scenario. 

 
¶ Natural gas prices. In the baseline case, natural gas prices rise by 37.1% by the year 2035. The 

increase is 38.6% for the high-growth scenario and 25.1% for the low-growth scenario. 
 
¶ Electricity rates. In the baseline case, electricity rates fall by 11.9% by the year 2035. The decline 

is 7.8% for the high-growth scenario and 16.0% for the low-growth scenario. 
 

 Slow Growth Baseline High Growth 
Motor-vehicle fuel 30.6% 36.2% 42.2% 
Residential fuel oil 58.7 60.5 66.5 

Natural gas 25.1 37.1 38.6 
Electricity rates (16.0) (11.9) (7.8) 

Table 4: Energy Price Changes by Energy Type Under Three Scenarios, 2035 
 
4.1.2 Price Increases by Sector 
 

Finally, the EIA projected real price increases by sector. As with individual energy sources, prices in 
each sector generally increaseðsometimes dramatically. The difference in price increases among sectors is 
also more pronounced than the difference in price increases among types of energy (see Table 5).  
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Specifically: 

¶ Residential sector. In the baseline case, residential sector energy expenditures rise by 9.6% by the 
year 2035. The increase is 21.9% for the high-growth scenario and, in the low-growth scenario, 
expenditures actually decline by 3.5%. Note that residential sector energy expenditures are heavily 
influenced by electricity costs, which are projected to decline over the same time period. 

 
¶ Commercial sector. In the baseline case, commercial sector energy expenditures rise by 27.2% by 

the year 2035. The increase is 38.5% for the high-growth scenario and 15.2% for the low-growth 
scenario. 

 
¶ Industrial sector. In the baseline case, industrial sector energy expenditures rise by 33.7% by the 

year 2035. The increase is 52.3% for the high-growth scenario and 13.5% for the low-growth 
scenario. 

 
¶ Transportation sector. In the baseline case, transportation sector energy expenditures rise by 

63.9% by the year 2035. The increase is 85.4% for the high-growth scenario and 45.9% for the 
low-growth scenario. 

 
 Slow Growth Baseline High Growth 

Residential sector (3.5%) 9.6% 21.9% 
Commercial sector 15.2 27.2 38.5 
Industrial sector 13.5 33.7 52.3 

Transportation sector 45.9 63.9 85.4 
Table 5: Energy Price Changes By Sector Under Three Scenarios, 2035 

 
Conclusion. For most energy sources and most sectors, energy prices will increase substantially by 

2035. These increases will be the greatest for the high-growth scenario and least for the low-growth scenario, 
although the relative differences among scenarios likely will vary markedly among energy types and sectors.  
 
4.2 Price Variations by Scenario 
 

As it did in the supply simulations, discussed above, the EIA also carried out extensive analyses of 
differential energy-price paths according to a variety of scenarios. Following are the highlights of its findings. 
 
¶ Fossil-fuel technology costs. The EIA found no appreciable differences in the overall Pacific 

Region energy-price path among the high and low fossil fuel technology-cost scenarios, described 
earlier. 

 
¶ Nuclear technology costs. The EIA also found no appreciable differences in the overall Pacific 

Region energy-price path among the high and low nuclear technology-cost scenarios. 
 
¶ Renewables technology costs. Pacific Region energy prices go up slightly more in the high 

renewables-cost scenario (46.9%) than in the low renewables-cost case (43.9%). The relatively 
small difference is likely due mostly to the limited role that, even by 2035, renewables are 
expected to play in the Pacific Region energy portfolio. 

 
¶ Oil & gas technology development. Pacific Region energy prices also go up by 2035 slightly more 

in the slow-technology case (46.5%) than in the rapid-technology scenario (44.3%), although the 
differences are relatively small. 
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¶ OCS development. Pacific Region energy prices rise by somewhat less (43.4%) by 2035 in the 
high OCS-resource case as opposed to the high OCS-costs case (46.8%) and the reduced OCS-
access case (46.9%). 

 
¶ Coal costs. Pacific Region energy prices rise by only slightly more (46.1%) by 2035 in the high 

coal-cost scenario as opposed to the low coal-cost scenario (45.0%). 
 
¶ Shale recovery. Pacific Region energy prices rise by somewhat less in the high shale-recovery case 

(43.7%) as opposed to the low shale-recovery case (47.2%). 
 
¶ Oil prices. It is admittedly tautological, but Pacific Region energy prices rise by 2035 by 

substantially more in the high oil-price scenario than in the low oil-price scenario, as defined 
above. In fact, the difference is tenfold: in the high-price case, energy prices rise by 73.5% but, in 
the low-price case, by only 7.2%. Not surprisingly, almost all of this effect is concentrated in the 
transportation sector. The effects on the residential and commercial sectors are quite small, and, 
in the industrial sector, the differences are pronounced (56.8% vs. 10.3%), but only about half as 
great as in the transportation sector. 

 
¶ Greenhouse gas controls. With the imposition of the greenhouse gas controls, as described 

earlier, Pacific Region energy prices increase by 61.7% by 2035ðabout one-third faster than the 
baseline case 46.1% increase. By sector, the largest absolute price increases are for transportation 
(74.3% vs. 63.9% in the baseline case) and industrial (65.9% vs. 33.7% in the baseline case). The 
absolute increases are smaller for the commercial sector (48.4% vs. 27.2% in the baseline case) 
and the residential sector (28.0% vs. 9.6% in the baseline case). However, in relative terms, the 
price increases are greatest for the residential sector (a nearly threefold acceleration in costs), the 
industrial sector (a twofold acceleration in costs), and the commercial sector (a two-thirds 
acceleration in costs). 

 
  Conclusion. In most cases, technological, resource, and related developments will have only a limited 
impact on the energy-price path in the Pacific Region. Only in two of the studied cases will prices be 
substantially acceleratedðthe high oil-price case and the greenhouse gas controls case. In these two cases, the 
price increases would be truly substantial, with price accelerations ranging from two-thirds to ten times over 
the baseline case. 
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5. Economic Impacts 
 
5.1 The Energy-Economic Relationship 
 

It was noted earlier that there is a strong relationship between energy consumption and economic 
output. The principle stated was this: economic activity implies a certain level of energy use, such that the 
more economic output there is in an economy, the more energy is required to produce it. In corresponding 
fashion, energy consumption helps to determine the level of economic output: the more energy is available 
for consumption, the greater the opportunity for economic output; on the other hand, if energy availability 
is constrained, then economic output may be constrained as well. 
 
5.1.1 Energy Intensity 
 
 The principle of efficiency is embodied in a variable termed ñenergy intensity,ò or the amount of 
energy required to produce a specific dollar amount of economic output. As employed by the EIA, energy 
intensity is single, quantitative variable denominated in ñthousand Btu per 2005 dollar of gross domestic 
product (GDP).ò Hence, in 2010, the energy intensity of the U.S. economy was 7.39ðmeaning that 7,390 
Btu of energy were required to produce each dollar of GDP.  
 
 The energy-intensity ratio is not fixed, but varies over time. Most importantly, it varies according to the 
efficiency with which energy is used in economic production. Like economic productivity, energy-efficiency 
tends to grow over time. Also, in part because of economies of scale and in part because of more efficient 
economic allocation, a more rapidly growing economy tends to use energy more efficientlyðand to have a 
lower energy-intensity ratioðthan a more slowly growing economy. 
 
 Hence, the EIA projects that: (1) according to its baseline scenario, energy intensity in the U.S. 
economic will decline from 7.39 to 4.44 by 2035 (meaning that just over half as much energy will be 
required in that latter year to produce one dollar of GDP than is the case today); (2) according to its high-
growth scenario, energy intensity will decline to from 7.39 to 4.20 by 2035; and (3) according to its low-
growth scenario, energy intensity will decline from 7.39 to 4.80 by 2035. 
 
5.1.2 Energy Variables 
 

We know from previous discussions that total U.S. energy consumption, production, and imports for 
the three economic scenarios in 2035 are as follows: 
 
¶ Baseline scenario. (1) Energy consumption: 114.2 quads; (2) domestic energy production: 94.6 

quads; and (3) energy imports: 27.9 quads. (Note: import and production numbers may not add 
due to rounding and the exclusion of the small quantity of energy exports.) 

 
¶ High-growth scenario. (1) Energy consumption: 122.6 quads; (2) domestic energy production: 

100.3 quads; and (3) energy imports: 30.7 quads. 
 
¶ Slow-growth scenario. (1) Energy consumption: 106.4 quads; (2) domestic energy production: 

89.1 quads; and (3) energy imports: 25.6 quads. 
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The energy price index (2005 = 100) in 2035 is: 

¶ 2.43 for the baseline scenario, representing an increase of 32.8% from 2010 
¶ 2.11 for the high-growth scenario, representing an increase of 15.3% from 2010 
¶ 2.74 for the low-growth scenario, representing an increase of 49.7% from 2010. 

 
5.1.3 Economic Variables 
 

The EIA study forecasts the time-path for a large number of U.S. economic variables through 2035. 
The most critical, according to the three respective scenarios, are the following (see Table 6): 
 
¶ Baseline scenario: (1) Gross domestic product, $25.7 trillion; (2) population, 390.1 million; (3) 

employment, 170.8 million; (4) unemployment rate, 5.2%; and (5) consumer price index (1982-
84 = 100), 3.66. 

 
¶ High-growth scenario: (1) Gross domestic product, $29.2 trillion; (2) population, 422.9 million; 

(3) employment, 186.0 million; (4) unemployment rate, 5.1%; and (5) consumer price index 
(1982-84 = 100), 3.19. 

 
¶ Slow-growth scenario: (1) Gross domestic product, $22.1 trillion; (2) population, 359.2 million; 

(3) employment, 155.4 million; (4) unemployment rate, 5.3%; and (5) consumer price index 
(1982-84 = 100), 4.12. 

 
 Slow Growth Baseline High Growth 

Gross domestic product $22.1 trillion $25.7 trillion $29.2 trillion 
Employment 155.4 million 170.8 million 186.0 million 

Unemployment rate 5.3% 5.2% 5.1%; 
Consumer price index 4.12 3.66 3.19 

Table 6: Energy and Economic Impacts of Differing Growth Scenarios, 2035 
 

Conclusion. The three economic scenarios outlined by the EIA yield some fairly significant differences 
in energy and economic variables, including energy consumption, economic output, and consumer prices. 
But perhaps the most notable in human terms is the number of employed individuals: the EIAôs high-
growth economy supports some 30 million more employed people than the low-growth economy. 
 
5.1.4 Projecting Economic Effects 
 

The EIA model offers tremendous value, but it is also limited in its ability to make forecasts for the 
economic consequences of energy policies in California. Most importantly, the data provided in its 
macroeconomic results are for only the United States as a whole; the data are not disaggregated by state or 
even by region. Moreover, the scenario analysis, described above, which yielded at least some strong energy-
related effects, shows very little difference in the economic outcomes for each of the scenarios. A closer look 
at the EIAôs macroeconomic model suggests a couple of possible reasons for this general lack of 
macroeconomic effects: 
 
¶ Historically, faster U.S. economic growth has been associated with lower unemployment rates. 

However, in the EIA model, the unemployment rate varies trivially among scenarios, despite a 
25% difference in 2035 GDP levels. 
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¶ Population levels vary substantially among the scenarios. This variation is not that unusual, in 
that the Davis study, cited earlier, also forecast significant differences in Californiaôs future 
population levels. However, in the EIA study, population and economic growth vary 
simultaneously. The upshot of these variations in this particular study is that all of the differences 
in employment levels are absorbed by differences in population, meaning that there are no 
significant unemployment effects despite markedly different economic growth paths. 

 
5.1.5 Energy Intensity & Economic Activity 
 
These limitations notwithstanding, it may be possible to use the EIAôs forecasting data for the United 

States as a whole to at least suggest some macroeconomic effects for the state of California. While these 
results would need to be validated by more specific macroeconomic models and data incorporating actual 
and projected energy and economic variables specific to California, at a minimum they can serve to outline 
a research strategy and to provide hints at possible conclusions. 
 
 The first step lies in defining a formula for the relationship between energy consumption and 
economic output. This is fairly straightforward, at least for modest changes in energy usage levels. We know 
from the baseline EIA energy-intensity levels that: (1) for 2010, 7,390 Btu of U.S. energy consumed is 
associated with one 2005 dollar of U.S. GDP; and that (2) for 2035, 4,440 Btu of U.S. energy consumed is 
associated with one 2005 dollar of U.S. GDP. Indeed, the EIA provides energy-intensity ratios for each year 
and each of its three economic-growth scenarios. It therefore might seem that this data would help us to 
construct a simple model of long-term macroeconomic effects. However, energy intensity as defined by the 
EIA is a static measure and, in fact, is purely an arithmetic construct: because of the way it is formulated, its 
ratios to energy consumption and economic output in any given year are identical. As a result, the energy-
intensity variable so provides no useful information concerning over-time trends in the influence of energy 
usage on economic output. 
 
 However, there is another strategy available that may be more helpful, and that is to examine the 
relationship over time between changes in economic output as a percentage of changes in energy usage. Call 
this variable the ñenergy accelerator.ò For instance, if economic output grows by 10% over a given time 
period while energy usage grows by 2%, then the value of the energy accelerator would be 5.0 (e.g., 10% 
divided by 2%). Therefore, one could assume that if energy use grew instead by 3% over the same time 
period, economic output would grow by approximately 15% (3% times 5.0). 
 
 A couple of rather large cautions are in order. First, the energy accelerator is a representation purely of 
association and not causation. Energy usage certainly affects the level of attainable economic output but, by 
the same token, economic output feeds back into energy usage and helps to determine its level. Secondly, 
even if we can define an energy accelerator for a given time period and a given level of economic output, 
there is no assurance that the same accelerator value would apply for all energy-usage levels and all 
economic-output levels. For instance, if a 2% increase in energy usage were associated with a 10% increase 
in economic output, it is unlikely to be the case that a 20% increase in energy usage would be associated 
with a 100% increase in economic output. The accelerator is almost certain to be reliable only within a 
range relatively close to its initial values. 
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We help to ameliorate these problems by calculating the energy accelerator for any given time period as 
a five-year rolling average, which minimizes the effects of any annual fluctuations in the relationship 
between energy usage and economic activity and allows for the output-to-consumption feedback effect, 
mentioned above, to play itself out. Using this strategy and the EIAôs time-series data, the five-year rolling-
average energy accelerator for the baseline case is 3.7 in 2015, rising to 4.8 in 2020, and to 5.2 in 2021, 
then falling back to 4.7 in 2030 and to 4.6 in 2035. Over the entire 21-year period, the energy accelerator 
averages 4.7ðdemonstrating a remarkable degree of stability for a variable that is purely a statistical artifact 
of other time-series data. 
 
 Performing a similar exercise for the high-growth and low-growth scenarios yields similar patterns and 
similarly satisfying results. For the high-growth case, the energy accelerator averages 3.8 over the 21-year 
period, while the somewhat less stable low-growth accelerator averages 7.2. In the high-growth case, the 
lower value of the accelerator is to be expected, since economic output is likely growing rapidly for reasons 
that have less to do with the level of energy usage than in the baseline case. In the low-growth scenario, the 
economy is likewise apt to be struggling for reasons apart from energy-usage levels, and so a higher value for 
the accelerator makes sense. 
 
5.1.6 The Economic Consequences of Energy Use 
 

In a model that has not been built explicitly to test economic hypotheses, there is a limited amount 
that can be said about the effect of energy usage trends on economic output. However, we can state at least 
a couple of rational and ultimately testable hypotheses based on the above formulation. We do so by 
making the reasonable assumption that the value of the energy accelerator for California at any given point 
in time would be roughly parallel to the acceleratorôs value for the U.S. as a whole. While the actual value 
likely would be different, that difference is apt to be one of degree rather than of magnitude, and so we can 
use the U.S. value of the accelerator as at least a rough surrogate. 
 
 The first hypothesis that can be drawn is that increases or reductions in energy supply are apt to result 
in corresponding increases or reduction in economic output, the value of which will be intermediated by 
the economic accelerator. For instance, in its baseline (mid-demand) scenario, the California Energy 
Commission (CDC) concludes that the California economy will reach $2.84 trillion in value by 2022. 
Using the baseline energy accelerator of 4.6, this implies that: 
 
¶ An increase in energy supply (and hence in energy usage) of 3% between now at 2022 could add 

as much as an extra 13.8% (3% x 4.6) to the stateôs economic output during that year, or as much 
as $390 million (1.38% of $2.84 trillion) by 2022. 

 
¶ Likewise, a reduction in energy supply (and hence in energy usage) of 3% between now at 2022 
could subtract as much as 13.8% from the stateôs economic output during that year, or again as 
much as $390 million by 2022. 

 
A second hypothesis concerns the effect on employment levels. In the CEC studyôs baseline (mid-

demand) estimate, while the California economy is growing by 3.0% per year over the 2010 ï 2022 time 
period, employment levels are growing by 1.2% per year. Therefore, employment effects are approximately 
40% as great as the corresponding economic effects (where 1.2% = 40% of 3.0%). On that basis, by 2022, 
the data suggest that: 
 
¶ A 3% increase in energy supply over the 2010 ï 2022 time horizon, which would be associated 
with a 13.8% increase in Californiaôs economic output for 2022, likewise would be associated 
with a 5.5% increase in employment levels (where 5.5% = 40% of 13.8%). On a basis of a 
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projected 15.7 million jobs in California, a 3% increase in energy use thereby would be associated 
with an additional 867,000 jobs by 2022. 

 
¶ By the same reasoning, a 3% reduction in energy supply over the 2010 ï 2022 time horizon 

would be associated with a reduction of 867,000 jobs by the year 2022. 
 
5.1.7 The Economic Consequences of Higher Energy Prices 
 

Should the energy demand and supply balance in California deteriorate, energy prices can be expected 
to rise, perhaps sharply. Such would be the case if reliance on oil imports grows even more than expected or 
if importing capacity becomes insufficient. The resulting energy price increases could be quite harmful to 
Californiaôs economy. 
 
 The LAEDC, in its March 2008 report referenced earlier, points out that ñCalifornia is a high-cost 
location, and rising fuel prices simply add to the litany of reasons firms find it so expensive to do business 
in the Golden State.ò Bain & Company further reported in a study for the California Business Roundtable 
that ñnearly 40% of companies in California plan to move jobs out of the state. Half of the businesses 
interviewedé had explicit policies not to add additional workers in the state.ò 
 
 The LAEDC notes that, despite the fact that many companies have no choice but to remain in the 
state, ñfor all firms that can serve the California market from outside the stateðnotably manufacturing, film 
production, and any service that can be provided over the phone or the Internetðthe stateôs poor business 
climate already offers a powerful incentive to leaveò and that ñCalifornia can ill afford to allow the price of 
refined oil products to rise even further than it already has relative to other U.S. states.ò 
 
5.2 Economic Consequences for California: The Considine Study 
 

Unlike the above analyses, which are based on both national data and mathematical calculations, the 
companion Considine study draws both from California-specific data and a sophisticated econometric 
analysis of future energy and economic trends. Indeed, it is the first study of its kindðand the most 
comprehensive forecast to date of the likely impact of energy supply and demand trends on Californiaôs 
economic future. 
 
 As described in more detail in the companion study itself, the Considine study envisions three primary 
scenariosðtwo related to electricity production (RPS and NG) and one primarily related to transportation 
fuels (OS). The three scenarios are: 
 
¶ RPS: An enhanced and extended state renewable portfolio standard (RPS) program. 
¶ NG: Development of additional natural gas-fired plants for producing electricity. 
¶ OS: Development of offshore crude oil and natural gas resources. 

 
Note that the offshore development scenario used the development in the Santa Barbara Channel as a 

case study in projecting the economic impact of potential OS development. It is important to note that 
there are other areas offshore and onshore that could be developed their impacting supply and economic 
issues.  

 
The Considine study provides a detailed description of the results of its econometric analysis, but here 

are the primary conclusions (see Table 7): 
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¶ Employment. Through 2035, the RPS scenario results in an average annual net loss of between 
approximately 29,000 and 33,900 jobs statewide. The NG scenario results in an average annual 
net loss of between 13,700 and 20,600 jobs. The OS scenario, by contrast, yields an average 
annual net gain of from 22,000 to 24,700, or a net swing of as much as 58,600 jobs per year as 
compared to the RPS scenario. 
 

¶ Gross state product (GSP). Through 2035, the RPS scenario envisions a cumulative loss of from 
$28.4 billion to $31.2 billion in GSP. The NG scenario imposes somewhat fewer costsða 
cumulative loss of from $16.0 billion to $23.9 billion. By contrast, in the OS scenario, GSP 
actually increases over the time period by from $81.8 billion to $91.8 billion, for a net difference 
of as great as $132.0 billion as compared to the RPS scenario. 

 
¶ State tax revenues. In the same vein, through 2035, the RPS scenario subtracts a cumulative $9.4 

billion to $12.4 billion from state tax revenues. The NG scenario is more nearly revenue neutral, 
subtracting only from $2.0 billion to $2.4 billion from state tax revenues over the time period. By 
comparison, the OS scenario actually increases state tax revenues by between $23.3 billion and 
$23.8 billion, for a cumulative gain of as much as $37.2 billion in state tax revenues as compared 
to the RPS scenario. 

 

 
Table 7: Cumulative Economic Effects of Three Different Energy Scenarios (Considine) 

 
In other words, according to the Considine study, only in the case in which California aggressively 

develops its domestic oil and gas resources will the stateôs residents benefit economically. The other 
scenarios, by contrast, result in a new loss of jobs, lower economic growth, and reduced state tax revenues. 
 
 Note that the Considine study is not the only one to arrive at findings like these. A similar study, 
conducted in 2009-2010 by Mark Schniepp of the California Economic Forecast (CEF), examined the 
economic effects of greater energy production on a local region. Specifically, the CEF study evaluated the 
impact of more aggressive development of the viable offshore oil and gas deposits in Santa Barbara County. 
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The study determined that, over the next 40 years: 
 
¶ Offshore oil and gas leases would generate $375 million per year in additional property taxes for 

the county during peak years (in constant 2010 dollars), providing, for instance, an additional $150 
million to $175 million to county schools during that time (see Chart 15). 

 
¶ State oil and gas royalties would accumulate to $11.3 billion and local (county) royalties to $2.3 

billion, or approximately $160 million to $200 million per year during the peak years of 2017 ï 
2022 (see Chart 16). 

 
¶ The sum of potential property tax receipts and royalty revenues in peak years of production would 

finance 30% of all county general fund expenditures, providing an additional $240+ million per 
year during 2017 ï 2022. 

 
¶ In addition, all outstanding county debt could be paid off with just 25% of property tax revenues 

generated during a single year of peak-year offshore oil leases. 
 

 
Chart 15: Additional Property Tax Revenues for  
Santa Barbara County from Enhanced Leasing 

 

 
Chart 16: Additional Oil & Gas Royalties for  
Santa Barbara County from Enhanced Leasing 
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Conclusion. As stated above, the energy supply and demand conclusions based on the EIA data 
should be used with a great deal of caution, as they are the result of arithmetic ratios rather than 
sophisticated econometric analyses. However, they clearly suggest that increases or restrictions in 
Californiaôs energy consumption (and, by extension, in the stateôs energy supply) over the coming decades is 
likely to be associated with, respectively, significant corresponding gains or reductions in statewide 
economic output and statewide employment levels. 

 
 In other words, as the late economist Milton Friedman liked to remark, there is no ñfree lunchò: while 

increased energy supply in California likely would contribute to appreciably greater statewide economic 
output and employment levels, reduced or constrained energy supply, on the other hand, is likely to result 
in marked diminutions in Californiaôs economic output and employment levels, to the detriment of the 
economic health and well-being of Californiaôs residents, businesses, and governmental entities.  

 
The California-focused Considine study quantifies these potential costs by examining two supply-

constrained scenarios. However, on the bright side, the Considine study documents substantial economic 
benefits to the State of California from further developing its indigenous oil and natural gas resourcesð
results that are corroborated extended by the Schniepp analysis for Santa Barbara County. 
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6. Conclusions 
 
 This report has reviewed and synthesized the findings from a number of comprehensive energy studies 
from the past several years and, where possible, has attempted to apply these findings to the California 
energy landscape. In the process, the report has attempted to address a number of key questions, including: 
 
¶ What are the determinants of future energy demand in California and how will these 

determinants unfold over the coming years and decades? 
 
¶ What will be the resulting mid- and long-term demand for energy from various sources within 

California? 
 
¶ What will be the future course of energy supply in California? 

 
¶ What level of contribution will renewable energy resources make to Californiaôs energy future? 

 
¶ What will be the future course of energy prices in California? 

 
¶ What will be the economic consequences of various future energy scenarios? 

 
6.1 Determinants of Energy Demand 
 
 Among the most important findings from this research synthesis concerning the determinants of 
Californiaôs future energy demand levels are the following: 
 
¶ Population growth. While Californiaôs population growth rates are expected to slow sharply in 

the near- and mid-term, in at least one reasonable scenario they could remain close to the 
relatively high growth rates of the past 25 years. Hence, while California may expect some relief in 
pressures on energy demand from slower population growth, this result is far from certain. 
Moreover, even with relatively conservative forecasts, Californiaôs population is still likely to grow 
by at least 1.0% per year for the foreseeable future, suggesting that energy demands will grow as 
well. This relationship can be seen clearly in motor vehicle fuel demand, as the number of 
vehicles and miles driven will grow in concert with the number of residents of the state. 

 
¶ Economic growth. Even in the most optimistic growth scenario, the rate of expansion of 
Californiaôs economy is expected slow substantially over the coming decades. Nevertheless, in the 
likeliest scenario, Californiaôs economy is expected, on average, to grow faster than its population 
levels, thereby continuing to put upward pressure on the stateôs energy demand. 

 
¶ Employment growth. Californiaôs employment growth will roughly parallel the growth of 

population in the state, but likely will be either somewhat or substantially lower than the 
economic growth rate (depending upon the scenarios used)ðsuggesting that in the future, as in 
the past, growth in economic output will be driven more by increases in productivity than by 
increases in employment. This projection also suggests that the level of economic output, more 
than the employment levels, will determine the course of the stateôs energy demand. Nevertheless, 
even with these limitations, employment growth will serve to put additional pressure on energy 
demand over the coming years and decade. 
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¶ Income growth. Average household income will grow slightly faster than employment levels over 
the next dozen years, but somewhat less than the growth levels in overall economic output in the 
state. Still, as with the other economic variables, increasing income will continue to put upward 
pressure on energy demand as well. 

 
¶ Determinants of demand. While the primary factors affecting the demand for energy in the state 

of California over the next 12 to 40 years are likely to become neither more intense nor 
influential than they have been, nor are they likely to wane. As a result, the annual growth rate in 
energy demand is likely to be just as pronounced in the near- to mid-term future as it has been 
over the recent decade. It is to that question that we next turn. 

  
6.2 Future Energy Demand Levels 
 
 Key conclusions regarding energy demand levels themselves are the following: 
 
¶ Current energy consumption. Californiaôs current energy consumption, while substantial in 

absolute terms, is well below the U.S. average on a per capita basis. California therefore cannot be 
fairly accused of ñover-consumingò energy when compared with other U.S. states. 

 
¶ Future energy consumption. Regardless of the scenario and sector examined, the clear 

conclusion is that California will require significantly more energy in the future, with annual 
energy demand growth averaging in the range of 1.0% or more in most scenarios, in most sectors, 
and for most energy types. This growth rate roughly parallels the projected growth in Californiaôs 
population, confirming the projection that Californiaôs energy needs will rise in roughly linear 
fashion with its population. Only in the low-demand scenarios does energy demand rise more 
slowly (or even fall), but as noted in previous sections, these slower energy-growth scenarios are 
associated with significantly lower or even negative economic growth, as well as with somewhat 
slower income and employment growth, over the indicated timeframes. Note, in particular, that 
these increases in energy needs will take place even if California continues to make progress on its 
already impressive energy-efficiency achievements. 

 
6.3 U.S. and California Energy Supply 
 
 Key findings regarding the United Statesô and Californiaôs current and future energy supply are as 
follows: 
 
¶ Current California energy supply. California has an incredibly rich array of energy resources at 

its disposal, primarily petroleum and natural gas resources. It also possesses significant renewable 
energy resources, primarily hydroelectric resources. However, because of the public policy 
decisions of the past decade, California now must import sources for two-thirds of its 
populationôs energy needs. 

 
¶ Energy supply by sector. In general, Californiaôs different economic sectors rely on differing 

combinations of energy resources. But one characteristic is common: petroleum and natural gas 
account for the significant majority of energy supplies consumed on a sector-by-sector basis with 
electricity (from all sources) being important especially for the commercial sector. By contrast, 
renewables represent only a relatively small minority of each sectorôs energy resources. 
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¶ Future U.S. energy supply. Total U.S. energy supply is expected to rise by a substantial 25.1% 
over the next 25 years. This is almost identical to the projected 25.5% increase in the U.S. 
population age 16 and above during the same period. However, even if Californiaôs energy 
supplies were to grow by a comparable percentage, they would fall well short of the 33.7% 
increase in Californiaôs population and the estimated 57.2% increase in Californiaôs economic 
output during the same time period, as calculated using data from the California Energy 
Commission. As a result of these disparities, Californiaôs energy supplies are likely to be under 
serious pressure to keep up with statewide energy demand. While the U.S. data indicate that 
some of this increased demand may be satisfied by renewable energy resources, if the projected 
U.S. experience is any guide, the vast majority of energy supplies in California during the near- 
and mid-term will continue to come from conventional energy sources, primarily fossil fuels. 

 
¶ Future California energy supply. Californiaôs energy resources for the future are potentially 

greatðif they are developed. Outside Alaska, California has the largest untapped potential for 
additional oil and gas production in the United States. Offshore California contains more than 
10 billion barrels of oil and nearly 12 trillion cubic feet of natural gas. Onshore, the Monterey 
Shale may contain more than 15 billion barrels of oil. At current market prices, these reserves are 
worth more than $2 trillion. 

 
¶ OCS development. One of the greatest opportunities for enhancing Californiaôs energy future 

lies in continuing to develop resources on the outer continental shelf (OCS). On the other hand, 
severe restrictions on OCS development (in the form of no new leases through 2035) promise to 
increase U.S. oil and gas imports by 9% over the baseline case and to reduce domestic U.S. oil 
and gas production by 3%. Yet more rigorous OCS leasing would have the opposite effect: 
domestic oil and natural gas production would increase by nearly 7% if significant new OCS 
reserves were developed. 

 
¶ The renewables future. Despite the promise that they obviously hold, the high-profile renewable 

energy sources are not expected to make major contributions to either the U.S. or California 
energy supply in the near- or mid-term. In the baseline case, even by 2035, these renewables will 
contribute no more than 3.4% of total U.S. energy supply and no more than 6.0% of total 
California electricity production. Moreover, even a 40% drop in the technology costs of 
developing and deploying renewable energy sources results in only about a one-tenth increase in 
the proportion of energy consumption accounted for by renewable energy. 

 
¶ The central role of oil and natural gas. Essentially regardless of the scenario studied, neither the 

increased use of renewable energy sources nor the faster implementation of new non-renewable 
technologies is expected to have a major effect on either Pacific Region or U.S. energy 
consumption and supply in the near- or middle-term. At least through 2035, both Pacific Region 
and U.S. energy supply will remain heavily dependent, as it is today, on conventional fossil-fuel 
energy sourcesðnamely, oil, natural gas, and (primarily outside the Pacific Region) coal. 
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6.4 Energy Prices 
 
 Future energy prices for the United States and California likely will be characterized by the following 
developments: 
 
¶ Future price levels. For most energy sources and most sectors, energy prices will increase 

substantially by 2035. These increases will be the greatest for the high-growth scenario and least 
for the low-growth scenario, although the relative differences among scenarios likely will vary 
markedly among energy types and sectors.  

 
¶ Determinants of future prices. In most cases, technological, resource, and related developments 

will have only a limited impact on the energy-price path in the Pacific Region. Only in two of the 
studied cases will prices be substantially acceleratedðthe high oil-price case and the greenhouse 
gas controls case. In these two cases, the price increases would be truly substantial, with price 
accelerations ranging from two-thirds to ten times over the baseline case. 

 
6.5 Economic Impacts 
 
 Key findings regarding the economic impacts of future California energy demand and supply scenarios 
are as follows: 
 
¶ Growth and employment. The three economic scenarios outlined by the EIA yield some fairly 

significant differences in energy and economic variables, including energy consumption, 
economic output, and consumer prices. But perhaps the most notable in human terms is the 
number of employed individuals: the EIAôs high-growth economy supports some 30 million more 
employed people than the low-growth economy. 

 
¶ Energy supply and the economy. Energy supply and demand findings extrapolated from EIA 

data should be used with a great deal of caution, as they are the result of arithmetic ratios rather 
than sophisticated econometric analyses. However, they clearly suggest that increases or 
restrictions in Californiaôs energy consumption (and, by extension, energy supply) over the 
coming years and decades is likely to be associated with significant corresponding gains or 
reductions in economic output and in employment levels. Specifically, while increased energy 
consumption and supply in California should contribute to significantly greater state economic 
output and employment levels, reduced or constrained energy consumption, on the other hand, 
are likely to result in marked diminutions in Californiaôs economic output and employment 
levels, to the detriment of the economic health and well-being of Californiaôs residents. When 
added to the near-certain potential for energy price increases, the threat to Californiaôs economic 
and fiscal health could be substantial. 

 
¶ Specific economic effects. The findings from the comprehensive econometric analysis by Dr. 

Timothy Considine indicates that an enhancement and extension of Californiaôs renewable 
energy portfolio standard (RPS) would eliminate an average of up to 33,900 jobs per year, reduce 
Californiaôs gross state product (GSP) by up to $23.9 billion, and reduce state tax revenues by up 
to $12.4 billion. By contrast, development of offshore crude oil and natural gas resources in the 
Santa Barbara region (only a small portion of Californiaôs offshore oil and gas reserves) would 
create as many as 24,700 additional jobs per year, increase Californiaôs GSP by up to $91.8 
billion, and increase state tax revenues by up to $23.8 billion. These results are corroborated 
extended by the Schniepp analysis for Santa Barbara County. 
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In sum, Californiaôs energy and economic future can be a bright one. But it will be a future founded 
largely on conventional and historically dominant oil and natural gas resources. And that potentially bright 
future will come to pass only in one circumstance: only if those resources are prudently and yet aggressively 
developed and brought to market. 



Powering California ï page 57 
 
 

7. References 
 
California Council on Science and Technology, May 2011, ñCaliforniaôs Energy Future: The View to 
2050,ò California Council on Science and Technology. 
 
California Energy Commission, May 2011, ñUpdated California Energy Demand Forecast 2011-2022,ò 
California Energy Commission, draft staff report. 
 
California Energy Commission, undated, http://www.energy.ca.gov/, web site. 
 
California Energy Commission, undated, ñCalifornia Energy Almanac,ò http://energyalmanac.ca.gov/, web 
site. 
 
California Energy Commission, undated, ñCalifornia Energy Consumption Database,ò 
http://www.ecdms.energy.ca.gov/, web site. 
 
Considine, Timothy, and Edward Manderson, September 16, 2011, ñPowering California: Balancing Fiscal, 
Energy, and Environmental Concerns,ò Center for Energy Economic & Public Policy, The University of 
Wyoming. 
 
U.S. Department of Energy, ñundated, Energy.gov,ò http://energy.gov/, web site. 
 
Freeman, Gregory, et al., March 2008, ñCaliforniaôs Uncertain Oil Future,ò Los Angeles County Economic 
Development Corporation. 
 
Kalt, Joseph P., March 2008, ñEconomics, Law, And Politics: What Will Drive Energyôs Future?ò Mineral 
Law Institute, report. 
  
McCarthy, Ryan, et al., November 7, 2006, ñCalifornia Energy Demand Projections to 2050,ò Institute of 
Transportation Studies, University of California, Davis. 
 
National Petroleum Council, September 15, 2011, ñPrudent Development: Realizing the Potential of North 
Americaôs Abundant Natural Gas and Oil Resources: Draft Report.ò 
 
Price, Snuller, et al., November 2009, ñMeeting Californiaôs Long-Term Greenhouse Gas Reduction 
Goals,ò Energy and Environmental Economics, Inc. (E Three). 
 
Pugliaresi, Lucian, September 29, 2011, ñThe Lessons of the Shale Gas Revolution,ò The Wall Street 
Journal, online edition. 
 
Richter, Burton, et al., July 2011, ñCaliforniaôs Energy FutureðPowering California with Nuclear Energy,ò 
California Council on Science and Technology. 
 
Scarpati, Kevin, October 2010, ñPowering California with Nuclear Energy,ò EnergyDigital.com, online 
edition. 
 
 
 
 

http://www.energy.ca.gov/
http://energyalmanac.ca.gov/
http://www.ecdms.energy.ca.gov/
http://energy.gov/


Powering California ï page 58 
 
 

Schniepp, Mark, October 2008 and May 2009, ñEconomic Benefits of Future Oil and Gas Production in 
Santa Barbara County,ò California Economic Forecast, unpublished analysis presented to (1) the Santa 
Barbara Industrial Association Economic Conference, Santa Barbara, California (October 31, 2008), and 
(2) The Pacific Section of the American Association of Petroleum Geologists Convention, Panel on 
California Offshore Energy Exploration and Development, Venture, California (May 5, 2009).  A more 
thorough report to update the findings presented in 2008 and 2009 is being prepared at this time. 
 
Schremp, Gordon, July 12, 2007, ñOutlook for Crude Oil Imports Into California,ò Fuels and 
Transportation Division, California Energy Commission. 
 
Schremp, Gordon, May 11, 2011, ñCrude Oil Import Forecast & HCICO Screening,ò Fuels and 
Transportation Division, California Energy Commission. 
 
U.S. Energy Information Administration, April 26, 2011, ñAnnual Energy Outlook 2011,ò U.S. 
Department of Energy, http://www.eia.gov/forecasts/aeo/index.cfm, web site. 
 
U.S. Energy Information Administration, April 26, 2011, ñTable Browser,ò U.S. Department of Energy, 
http://www.eia.gov/oiaf/aeo/tablebrowser/, web site. 
 
U.S. Energy Information Administration, June 30, 2011, ñSEDS | State Energy Data System,ò California, 
http://www.eia.gov/state/seds/seds-states.cfm?q_state_a=CA&q_state=California, web site. 
 
U.S. Energy Information Administration, September 19, 2011, ñInternational Energy Outlook 2011,ò U.S. 
Department of Energy, http://www.eia.gov/forecasts/ieo/more_highlights.cfm#world, web site. 
 
Yergin, Daniel, September 17, 2011, ñThere Will Be Oil,ò The Wall Street Journal, online edition. 

http://www.eia.gov/forecasts/aeo/index.cfm
http://www.eia.gov/oiaf/aeo/tablebrowser/
http://www.eia.gov/state/seds/seds-states.cfm?q_state_a=CA&q_state=California
http://www.eia.gov/forecasts/ieo/more_highlights.cfm#world


Powering California ï page 59 
 
 

Powering California: 
Balancing Fiscal, Energy, and 

Environmental Concerns 
________________________________________________________________________________________________ 

Analyzing the Policy Options for Californiaôs Energy and Economic Future  
 

Timothy J. Considine, Ph.D. 
Director, Center for Energy Economics and Public Policy 

University of Wyoming 
 
 
 

Edward Manderson 
  School of Energy Resources 

  University of Wyoming 
 

 
 
 
 
 
 
 
 

 
A Research Study published by  
The Communications Institute 



Powering California ï page 60 
 
 

 
Acknowledgements 

 
The authors of this study acknowledge that this study was made possible through foundation support to the 
Communications Institute. The Thomas R. Brown Foundation funded the economic model that was used 
in the development of the research. It was also made possible through research support from the School of 
Energy Resources and the Center for Energy Economics and Public Policy at the University of Wyoming 
and Keston Institute for Public Finance and Infrastructure Policy, University of Southern California is also 
acknowledged. 
 
Disclaimer 
 
This report was prepared as an account of work sponsored by the Communications Institute.  Neither the 
Department of Economics and Finance, the Center for Energy Economics and Public Policy, or the School 
of Energy Resources at the University of Wyoming nor the Communications Institute, nor any person 
acting on behalf thereof, makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness or usefulness of the information contained in the report nor that its use may not 
infringe privately owned rights, or assumes any liability with respect to the use of, or for damages resulting 
from the use of, any information, apparatus, method or process disclosed in this report.  
 
 This report was written and produced for the Communications Institute by the Center for Energy 
Economics and Public Policy at the University of Wyoming.  The opinions, findings, and conclusions 
expressed in the report are those of the authors and are not necessarily those of Communications Institute 
or the University of Wyoming.  Questions regarding the content can be addressed to Timothy J. Considine 
at tconsidi@uwyo.edu or (307) 760-8400. 

mailto:tconsidi@uwyo.edu


Powering California ï page 61 
 
 

Executive Summary 
 
Some people view Californiaôs energy sector as a blueprint for how America should be powered in the 

future. California leads the nation in non-hydroelectric renewable energy production.  Although household 
energy use per capita in California has been increasing, industrial and service sector energy efficiency in the 
state continues to improve. Despite this, California is the second largest energy consuming state in the 
nation behind Texas and will continue to require more energy once economic growth returns. 
 

Understanding the economic, fiscal, and environmental trade-offs in powering Californiaôs energy 
future is the central objective of this study. California is increasingly dependent upon energy sources 
outside its borders. In 1970 California produced 62% of its energy yet by 2009 the state imported 67% of 
its energy needs. In addition to crude oil and natural gas, the Golden State is the largest importer of electric 
power in the United States.  

 
California has a variety of energy supply options going forward. First, it could continue on its current 

path, increasing reliance on imported energy, which forms the business-as-usual scenario in this study. The 
second option is to increase production of wind, solar, and other forms of renewable energy. The recently 
passed California Renewable Energy Resources Act sets out the most ambitious renewable portfolio 
standard (RPS) in the country. The law requires 33% of electricity retail sales to be served by renewable 
energy resources by 2020. This study considers this scenario and an expansion to a 40% renewable standard 
by 2035.  

 
Currently, natural gas plants are the most frequent choice for new power in California. Using natural 

gas fired electric power generation to replace electricity imports and cut carbon emissions, therefore, 
provides an alternative to development of renewable electric power generation. This study considers the 
costs and environmental trade-offs of replacing new renewable power due to the RPS from now to the year 
2035 with combined cycle natural gas power. Some of this natural gas could be produced from deposits 
located within California. 

 
Outside Alaska, California has the largest untapped potential for additional oil and gas production in 

the United States. Offshore California contains more than 10 billion barrels of oil and nearly 12 trillion 
cubic feet of natural gas. Onshore, the Monterey Shale may contain more than 15 billion barrels of oil. At 
current market prices, these reserves are worth more than $2 trillion. Given this enormous potential wealth, 
this report considers, as a case study, the development of a small portion of these reserves located off the 
coast of Santa Barbara. 

 
To estimate the economic and environmental impacts of these energy supply options, this study 

develops an integrated framework that involves an econometric forecasting system of California energy 
demand coupled with engineering-economic models of energy supply, and economic input-output models 
of the California economy. The Jobs and Economic Development Impact (JEDI) models for California 
developed by the National Renewable Energy Laboratory provide estimates of the economic impacts of the 
electricity generation scenarios. Since the JEDI models are based upon input-output tables from Minnesota 
IMPLAN Group (MIG), Inc. these models are used to estimate the economic impacts of developing oil and 
natural gas resources off the coast of Santa Barbara.  
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During the early years of the RPS and natural gas scenarios, employment and value added increase 
over the baseline scenario because construction of these plants provides substantial economic stimulus to 
the local economy. As the higher costs of these facilities are recovered, however, electricity rates increase. 
These higher rates reduce consumer discretionary income and cash flow for businesses. These higher energy 
expenditures reduce value added and employment in the long run, so much so that they offset the short-run 
economic stimulus from building renewable or natural gas power generation plants.  

 
The net effects of these impacts are displayed below in Table ES1 below.  Despite an increase during 

the early years of the RPS scenario, the present discounted value of gross state product declines between 
$68.9 and $72.9 billion over the forecast horizon from 2012 to 2035. Annual employment levels are on 
average between 50 and 53 thousand lower than without the RPS.  State tax revenues are between $13.4 
and $15.4 billion lower over the 24-year forecast period. While greenhouse gas emissions are lower, they are 
achieved at relatively high cost in terms of additional energy expenditures per ton of avoided emissions. 
Early in the forecast period, these carbon emission reductions cost between $150 and $160 per ton. While 
these costs decline to about $62 per ton by 2035, they remain well above market prices for carbon permit 
prices. Investments in renewable energy may create jobs in the short run but raise energy prices and reduce 
economic growth in the long run.  

 
  Scenarios 

Net Impacts on 

Renewable 
Energy  

Portfolio 

Natural  
Gas 

Generation 

Santa Barbara 
Crude Oil & 
Natural Gas 

Employment Average Annual Number of Jobs 

Low Growth -49,948 -11,236 22,471 
High Growth -53,203 -9,603 22,143 

 Present Value in Millions of 2010 Dollars 

Gross State Product    
Low Growth -68,968 -13,322 83,609 
High Growth -72,986 -11,743 82,397 

State Tax Revenues    
Low Growth -13,411 -1,537 23,371 
High Growth -15,486 -1,367 23,310 

 Cumulative in millions of tons 

Carbon Emissions    
Low Growth -677 -100 12 

High Growth -839 -136 14 
Table ES1: Summary of Economic, Fiscal, and Environmental Impacts 

 
The fiscal and economic impacts of building natural gas fired electricity capacity are not as severe as 

those under the RPS scenario with losses in gross state product between $11.7 and $13.3 billion (see Table 
ES1). These results, however, underscore the importance of inexpensive sources of base load generation 
from coal, nuclear, and hydroelectric resources in maintaining low cost electricity for the California 
economy. Even though natural gas is now relatively inexpensive, the projections of real cost increases for 
natural gas in future years used in this study increase the relative cost of electricity import replacement for 
California.  
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These cost increases, however, may be mitigated if California could develop its own oil and natural gas 
resources.  Such development, however, has been stymied by public concern over perceived risks to the 
environment, in light of the Santa Barbara oil spill in 1968 and more recently the Deepwater Horizon oil 
well blowout in the Gulf of Mexico.  

 
Developing offshore oil resources off Santa Barbara County and other counties, however, can be 

accomplished with completely different technologies than those employed in these two unfortunate 
incidents.  Advances in three dimensional seismic technology and directional drilling now allow 
development of offshore oil and natural gas resources from onshore drilling sites, which greatly reduces the 
risks of widespread water contamination in the event of well-blowouts. Uncontrolled releases of drilling 
fluids on land are infrequent and the impacts are highly localized because access to well sites and 
equipment is much easier and closed system drilling practices, in which all drilling water and materials are 
tracked, ensures complete capture and safe handling of any residuals from the production process. These 
new technologies strongly suggest that the environmental impacts and risks from oil and natural gas 
development are manageable. So the key question is whether the economic benefits are worth accepting 
these risks. 

 
With a case study of expanding existing oil and natural gas development in the Santa Barbara, this 

study finds that the economic and fiscal impacts of developing these resources are uniformly positive with 
the creation of between 22,000 and almost 25,000 jobs annually, between $82 and $84 billion in gross state 
product, and over $23 billion in state tax revenues over the next 25 years. With no feedback between 
economic growth and energy expenditures, carbon emissions under the Santa Barbara scenario are actually 
lower due to savings arising from reduced oil tanker traffic. If higher economic growth due to oil and gas 
development is considered, carbon emissions rise slightly compared to the baseline scenarios. Hence, 
allowing the production of crude oil and natural gas from Santa Barbara would unambiguously increase 
employment, output, and tax revenues with minimal increases in greenhouse gas emissions. These results 
suggest that developing the $2 trillion worth of unexploited oil and natural gas reserves in California would 
create thousands of additional jobs and generate billions more in state government revenues. 

 
This study finds that renewable energy portfolio standards are an expensive way to cut carbon 

emissions. Moreover, any economic benefits derived from building renewable energy facilities in the short-
run are more than offset by losses in economic output and employment as consumers struggle to pay for 
these facilities in the long run.  

 
In contrast, a strategy of replacing crude oil and natural gas that would have been consumed anyway 

from imported sources with domestic production using indigenous resources increases gross state product, 
employment, and tax revenues. While the additional prosperity this strategy generates may slightly increase 
carbon emissions, it seems a small price to pay for the considerable benefits domestic oil and natural gas 
production generate. 

 
If California decides to continue down the RPS path, one way to pay for this program is to allow the 

development of crude oil and natural gas resources. Indeed, with the prospect of developing the Monterey 
Shale, which could be considerably larger than the Santa Barbara oil development scenario examined in 
this study, the economy of the Golden State could once again shine.  
 

Energy development choices need not be a zero sum game. Indeed, environmentally responsible 
development of fossil fuel resources could be complementary with renewable energy development, creating 
jobs and generating tax revenues to ensure a robust economy capable of creating and funding innovative 
renewable energy technologies of the future.  
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1. Introduction 
 
More than 25 states have adopted renewable energy portfolio standards under the belief that wind, 

solar, and other renewable forms of energy will create jobs, reduce greenhouse gas emissions, and lower 
reliance on foreign oil imports. At the same time, the development of oil and natural gas resources in shale 
formations is stimulating output, employment, and tax revenues in several states, including North Dakota, 
Texas, Pennsylvania, and Louisiana. Development of offshore oil and natural gas resources would have 
similar impacts. The benefits of renewable and fossil fuel energy are widely touted by their proponents.  
What is not known, however, is the comparative magnitude of the benefits and environmental impacts of 
these two paths for energy development. The goal of this paper is to perform such an analysis. 

 
The development of renewable and non-renewable resources need not be mutually exclusive. Brazil 

with its significant biofuels industry and rapidly developing offshore oil industry illustrates that producing 
renewable energy need not preclude the possibility of expanding oil and natural gas production. Could 
developing both renewable and fossil fuel energy serve the best interests of society to ensure economic 
growth, job creation, fiscal balance, and environmental quality? This study attempts to shed light on this 
question with an analysis of Californiaôs energy future. 
 

California represents a compelling case study for addressing these questions. With passage of the 
California Renewable Energy Resources Act (Senate Bill X 1-2), California is seeking to supply a third of its 
retail electricity sales from renewable energy by 2020. This goal will require the construction of a large 
number of renewable energy facilities that will directly generate a significant number of construction jobs 
and indirectly stimulate many support industries that provide goods and services for the construction and 
operation of these plants. If these renewable energy goals are not achieved, the most likely alternative to be 
adopted is natural gas based electricity generation. 
 

Outside Alaska, California has the largest untapped potential for additional oil and gas production in 
the United States. Humphries et al. (2011) report that offshore California contains more than 10 billion 
barrels of oil and nearly 12 trillion cubic feet of natural gas. Onshore, the Monterey Shale may contain 
more than 15 billion barrels of oil. At current market prices, these reserves are worth more than $2 trillion.  

 
As an illustrative example, this study estimates the impacts of developing a subset of these resources; 

the crude oil and natural gas reserves under the Santa Barbara Channel. Developing additional oil and gas 
production in California would create jobs. Moreover, crude oil and natural gas production would generate 
significant royalty and tax revenues for the state. From an environmental perspective, an expansion of oil 
and gas production in California would simply displace imported fuels, and in this respect would be carbon 
neutral.  
 
California has a diverse mix of energy sources. In 2009, 8% of Californiaôs energy production was 

from renewable sources. The two nuclear power plants in the state supply 4%. Crude oil and natural gas 
production in California supply 21% of state energy production. Imports of oil, natural gas, and electricity 
supply the remaining 67% of Californiaôs energy, with 54% from imported oil and natural gas and 13% 
from imported electricity. These imports cost the California economy $62 billion during 2008.  
 

Therefore, expanding production of renewable or fossil fuel production or some combination thereof 
could be an attractive possibility for California, generating higher economic output, greater job creation, 
and additional tax revenues. The objective of this study is to estimate the financial, economic, and 
environmental impacts of these energy production options.  
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To estimate these impacts, the future energy needs of California must be projected. Despite 
considerable energy efficiency improvements, California will continue to need more energy in the future 
while it confronts the fiscal challenges that threaten the stateôs economy. In other words, while energy 
conservation activities will reduce future needs for additional energy supplies, it is unlikely to fully offset 
additional energy requirements from economic and population growth.  
 

How much energy will be needed, where it could come from, and at what cost to society are the central 
questions of this study. Addressing these questions can facilitate a serious discussion of the fiscal, economic, 
and environmental trade-offs of various energy supply options. Environmentally responsible energy 
development can enhance environmental quality, pioneer green energy development, and fund education 
and health care.   
 

To consider these options, this study develops an integrated framework for energy, economic and 
environmental analysis, which involves two modeling stages to estimate the impacts of the alternative energy 
choices facing California. The first stage is an econometric forecasting system of California energy demand 
coupled with engineering-economic models of energy supply very similar to the studies by Considine and 
McLaren (2008). The formulation and econometric estimates from this analysis are presented in Appendix 
A. The second stage uses the output from the California energy model to estimate the impacts of energy 
technology choices on output, employment, and tax revenues. These impacts are estimated using the Jobs 
and Economic Development Impact (JEDI) models for California developed by the National Renewable 
Energy Laboratory for the electricity generation scenarios. Since the JEDI models are based upon input-
output tables from Minnesota IMPLAN Group (MIG), Inc. these models are also used to estimate the 
economic impacts of developing oil and natural gas resources off the coast of California.  
 
The next section examines trends in Californiaôs energy markets and energy efficiency. Section three 

provides an overview of the modeling framework. The overall modeling framework then is presented. 
Section four develops the energy supply scenarios considered in this study, including the baseline (business-
as-usual) scenario in which California continues to rely on electricity imports, and alternative scenarios of 
implementing the renewable portfolio standard, increasing natural gas generation, and developing offshore 
oil and gas resources. Given assumptions on future prices for the primary fuels and projections of 
population, inflation, and economic growth, section five presents the baseline projections for energy 
demand, supply, and prices and carbon emissions. Section five also presents the economic impacts 
associated with the renewable energy portfolio, natural gas based electricity supply, and new oil and gas 
production. The final section summarizes the major findings, identifying the major trade-offs relevant for 
policy decisions. 
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2. Overview of California Energy Markets 
 
Some people view Californiaôs energy sector as a blueprint for how America should be powered in the 

future. With higher energy efficiency and a greater share of renewable energy than other states, many 
people believe California is a blazing path for energy conservation and clean energy development for the 
rest of the nation to follow. 
 

California has a diverse and rather unique mix of energy sources including hydroelectric and 
geothermal power, but remains quite dependent upon fossil fuels for the lionôs share of its energy needs. 
With a mild climate, sprawling urban centers, and a large information technology sector, the demand for 
energy in California is quite different from the rest of the United States. In addition, Californiaôs energy 
policies have sought to promote more efficient use of energy. 
 
 While these factors among others have allowed Californiaôs economy to grow with proportionately less 
energy over time, they have not offset the expansion of energy demand resulting from both population and 
economic growth. Consequently, despite this progress in efficiency, California will need more energy in the 
future, especially once the economy recovers. How much energy and where it will come from are the two 
central questions addressed in this study. 
 
Figure 1 illustrates Californiaôs energy supply by source in 2009. California is a significant producer of 

crude oil, producing the equivalent of roughly 700,000 barrels per day. Crude oil and natural gas 
production within California, however, has been steadily declining in recent years, to the point that in 2009 
they collectively supplied only 21% of state energy consumption.  

 
Figure 1: Californiaôs energy production by source, 2009 

 
In contrast, California is expanding renewable energy production, which has been increasing at an 

average annual rate of 3.5% since 1970, supplying 8% of the stateôs energy in 2009. Of this renewable 
energy, 49% is hydroelectric power, 26% is geothermal power, 12% is biomass, 11% is wind power, and 1% 
is solar energy. The two nuclear power stations in the state supply 4% of the stateôs energy.  
 

The shortfall in domestic energy supply is met with imported crude oil, natural gas, and electricity. In 
1970, the state of California produced 62% of its domestic energy needs. By 2009, California imported 67% 
of its needs. In addition to imported crude oil and natural gas, Californiaôs net imports of electricity were 
13% of total energy requirements during 2009. Besides Alaska, California has the largest untapped 
potential for additional oil and gas production. A study by the Congressional Research Service (2008) 
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reports that California offshore areas contain 10.13 billion barrels of oil and 11.73 trillion cubic feet of 
natural gas.  
 

Energy consumption is pro-cyclical, generally tracking economic growth. Since 1970, total energy 
consumption in California increased 1% per annum. Real gross state product over the same period of time 
increased at an average rate of 2.9%. Hence, the energy intensity of use, i.e. the ratio of energy use to gross 
state product, declined at 1.9% per annum. A declining energy intensity of use can result from a multitude 
of factors, including higher real prices, fuel switching, government policies such as fuel efficiency standards, 
and shifts in the mix of industries in the economy. Despite the rising energy efficiency, economic growth in 
California requires additional energy consumption.  

 
As Figure 2 illustrates, total energy consumption is dominated by oil and natural gas. Consumption of 

imported electricity increased 7% per year from 1970 to 2009 with most of the growth occurring during the 
1970s and 1980s. Since 2000 consumption of imported electricity has grown at just 2.2% per annum. 
 

 
Figure 2: Energy consumption by type of fuel, 1970-2009 

 
A depiction of Californiaôs energy flows developed by Simon and Belles (2011) is displayed in Figure 3 

and illustrates the diversity of California energy sources while demonstrating the important role played by 
fossil fuels, such as oil and natural gas.  Notice the dichotomy in energy use with petroleum largely serving 
transportation and industrial users and natural gas principally providing energy to non-transportation 
sectors.  
 
 



Powering California ï page 71 
 
 

 
Figure 3: California Energy Flows in 2008 

 
Table 1 summarizes Californiaôs energy consumption by sector. The largest end-use of energy in 

California is transportation. Petroleum products constitute 96.8% of total transportation energy use. 
Ethanol constitutes 2.6% of transportation use and natural gas comprises 0.6%. Of total oil use in 
transportation, 59.5% is gasoline, 17.9% is jet fuel, 14.2% is distillate fuel, 7.8% is residual fuel oil, and the 
remaining is lubricants, aviation gasoline and liquid propane gasoline. 
 

The next largest energy-consuming sector is industrial, which includes manufacturing, agriculture and 
mining. Natural gas constitutes 55.6% of total industrial energy use and petroleum 28.6%. Electricity is the 
next largest energy source in the industrial sector with an 11.4% market share. 

 
Natural gas and electricity comprise an even greater share of energy use in the residential and 

commercial sectors, constituting 90.6 and 94.2% of use respectively. Outside the transportation sector, the 
California economy is quite dependent upon natural gas. This dependency is actually even greater since 
almost 40% of electricity generated within the state is fired with natural gas. Dramatic improvements in the 
efficiency of household gas furnaces and in integrated combined cycle gas turbines used in electric power 
generation contributed to the expanding use of natural gas, which in turn played a role in the declining 
energy intensity of use in the California economy. 
 
 
 
 



Powering California ï page 72 
 
 

 

Sector Trillion BTU Share Sector Trillion BTU Share 

Residential 882.7 100.0% Industrial 1426.5 100.0% 

Electricity 306.4 34.7% Electricity 163.2 11.4% 

Natural Gas 493.6 55.9% Natural Gas 792.8 55.6% 

Petroleum 31.3 3.5% Petroleum 408.1 28.6% 

Renewable 51.4 5.8% Coal 31.3 2.2% 

   Renewable 31.1 2.2% 

Commercial 709.2 100.0% Transportation 3203.8 100% 

Electricity 413.2 58.3% Petroleum 3100.6 96.8% 

Natural Gas 254.3 35.9% Ethanol 83.2 2.6% 

Petroleum 31.5 4.4% Natural Gas 20.0 0.6% 

Renewable 10.2 1.4%    

Table 1: Summary of California Energy Consumption by Sector, 2009 
 

Another factor affecting these trends in the aggregate intensity of use is the expanding use of 
electricity. Even though electricity production and transmission require energy, end-use efficiency of 
electricity is considerably greater than competing fuels in many applications. Moreover, electricity enables 
completely new technologies, such as computing and communications. Here too California appears to be 
leading the nation. 
 

Figure 4 is the so-called Rosenfeld curve comparing per capita electricity use in California with the rest 
of the United States. The per capita consumption of electricity in California has been essentially flat since 
1980. In contrast, per capita electricity consumption increased 1.1% per annum for the rest of the U.S.  

 
There are several reasons for these divergent trends. First, the price of electricity in California relative 

to the rest of the U.S. increased substantially over this time frame. Another factor is Californiaôs climate, 
which is considerably milder than the rest of the country. For example, from 1990 to 2005 Californiaôs 
combined degree-days were almost 62% less than the rest of the country. As the rest of the country 
developed with increased population and with the expanding use of electricity-intensive air conditioning in 
the southern states of the U.S., these climate-induced differences in energy use were magnified over time. 
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Figure 4: Per capita electricity use and relative electricity prices, 1960-2009 

 
Another explanation is that per capita measures can be misleading. For example, below is electricity 

consumption broken down by sector and divided by sector specific measures of activity, such as residential 
electricity per customer and in the commercial and industrial sectors electricity use per gross domestic 
product.  

 
Using these measures a very different picture emerges. Residential electricity consumption per capita is 

actually increasing in California, with growth at 0.6% per annum since 1990. Commercial electricity 
consumption per dollar of gross domestic product declined 0.7% per annum from 1990 to 2009. Industrial 
electricity use per dollar of gross product has been declining at 2.4% per annum since 1990. Compositional 
shifts in the mix of manufacturing within California may be behind this trend as well as sharply higher 
industrial electricity prices.  
 

To summarize, while the evidence for energy efficiency gains may be slightly mixed, there is no doubt 
California will use more energy as the economy expands. This suggests that relying on energy efficiency 
alone will not accomplish goals such as dramatic reductions in greenhouse gas emissions. Renewable energy 
use is significant in California but much of it to date is geothermal and hydroelectricity. Solar and wind 
power have yet to produce significant amounts of power but seem poised to do so in the future.  
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Figure 5: Electricity intensity of use by sector, 1960-2009 

 
Another somewhat surprising finding is that California produced 62% of its energy in 1970 yet by 2009 

imported 67%. In addition to crude oil and natural gas, California imports significant amounts of electric 
power and some of this power is generated from coal. How these imports, rates and demand would be 
affected under Californiaôs renewable energy portfolio standard is an important question, which will be 
considered in this study. 
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3. Modeling Framework 
 

The modeling framework involves projecting energy demand and economic impacts associated with 
the aforementioned energy supply scenarios given assumptions on energy prices, population, and economic 
growth. Electricity costs and rates are determined based upon assumptions for fuel prices and capital costs 
associated with each electricity technology scenario. Capital expenditures to build generation capacity under 
each scenario are also estimated. Likewise, the oil and gas resource development scenario involves 
estimating the capital requirements and operating costs of these new facilities. 

 
As new electricity production capacity goes into operation, the costs are passed through to consumers 

in the form of higher electricity rates that then affect the demand for electric power. For example, in the 
two scenarios that involve replacing imported electricity with renewable energy and natural gas, electricity 
rates increase as these sources of more expensive energy replace cheaper imported electricity. These higher 
rates reduce discretionary income of households and profits by businesses, in effect acting like a tax increase 
that reduces income, employment, and tax revenues. On the other hand, building and operating these 
facilities stimulate the economy. The key question that this study examines is whether the stimulus from 
investments in either renewable or natural gas generation capacity offsets the negative effects of the higher 
energy prices needed for recovery of the investment and operating costs of these facilities.  
 
While developing Californiaôs oil and natural gas resources also involves replacing imported energy, 

prices for petroleum and natural gas paid by California consumers are unlikely to be affected. Producing 
more crude oil in California is unlikely to affect prices for refined petroleum products because crude oil 
prices are determined in world markets and any increase in California production would constitute a small 
fraction of world production with a negligible impact on world oil prices. Likewise, prices for natural gas 
paid by California consumers would not be affected because the volumes of natural gas under the 
development scenario discussed below are quite small relative to U.S. natural gas production. So any 
additional California crude oil or natural gas production would simply replace imports and not affect prices 
paid by consumers.  

 
The emissions associated with the consumption of these products would remain the same. Lower 

imports of crude oil into California, however, would require fewer voyages of oil tankers that would lead to 
lower emissions of greenhouse gas emissions and, in particular, lower levels of particulate, nitrous oxide, 
and sulfur dioxide pollution. Additional oil and gas production in California would directly increase gross 
state product, employment, and tax revenues. If these gains in gross state product are sizable, energy 
demand and carbon emissions would be higher potentially offsetting the reductions in emissions from 
lower crude oil imports. 

 
The next two sections describe the energy, environment, and economic modeling tools employed in 

this study to address these questions. The next section describes the energy demand models employed to 
project Californiaôs energy consumption between now and the year 2035. The economic input-output 
analysis tools used to estimate the impacts of the energy supply scenarios on employment, value added, and 
tax revenues are then discussed.  The two modeling approaches are used in a sequential or recursive 
fashion, which allows a clear delineation of the gains and losses associated with each of the three energy 
technology scenarios considered in this study. 
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3.1 The Energy Market Forecasting Model 
 
The energy-forecasting framework is built from two different perspectives. First, the end-use demand 

for fuels in the residential, commercial and industrial sectors are modeled from an economic perspective in 
which energy demand is a function of relative prices, population, and the level of economic activity. On the 
supply-side for electricity, however, an engineering-economic perspective is adopted in which capacity, 
utilization rates and heat rates are specified exogenously. Imports of electricity are determined endogenously 
as the difference between demand and electricity generation within California. Hence, imports of electricity 
are modeled as the swing fuel, which is consistent with the recent past in California.  
 

The forecasting model determines energy consumption including electricity demand, generation, and 
prices, given exogenous assumptions for primary fuel prices, economic growth, inflation, and electricity 
capacity expansion plans. A schematic of the line of causality between these assumptions and the 
endogenous variables is presented below in Figure 6. End-use electricity demands and net electricity exports 
determine electric power generation requirements, which then drive the consumption of fuels in power 
generation. Generation capacity, operating rates and heat rates of operating units determine the 
composition of fuel consumption by electric utilities and the average cost of electricity generation. Retail 
electricity prices are calculated by adding transmission and distribution charges to average generation costs. 

 
Figure 6: Energy model overview 
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As Figure 6 illustrates, carbon emissions are tracked for each sector of the economy. The carbon 
tracking provides a nearly complete account of carbon dioxide emissions in California. Carbon emissions, 
therefore, are endogenous and depend upon energy prices and economic activity driving energy demand 
and the choice of electricity generation capacity. The feedback of final electricity demand on the demand 
for fuels and end-use electricity prices allows an integrated evaluation of electricity demand and fuel choice 
in power generation.  
 

There are five main components of the model. The first three include systems of energy demand 
equations for the residential, commercial and industrial sectors. The fourth involves the demand for 
transportation fuels, including gasoline and diesel fuel. The fifth and final component involves the 
electricity generation sector. Appendix A describes the formulation of these energy demand models and the 
econometric findings. 

 
A list of the endogenous variables in the energy demand model appears in Table 2. Coal, petroleum, 

nuclear, hydroelectric, solar, other renewable sources, or natural gas-fired fossil fuel power generation can 
meet demand requirements. Each cost share system includes an aggregate energy quantity equation. The 
quantities are derived by multiplying energy expenditures, which equal the divisia price index multiplied by 
the corresponding quantity index, by the respective cost share and then dividing by the appropriate price. 
The model is programmed using the econometric software package, Time Series Processor (TSP) 5.1 from 
Stanford University. 

 
Endogenous Variables  Type Endogenous Variables  Type 
Residential Sector  Commercial Sector  

Divisia energy price I Divisia energy price I 
Aggregate energy quantity B Aggregate energy quantity B 
Cost shares & quantities  Cost shares & quantities  

Natural Gas  B Natural Gas  B 
Liquid Propane Gas, etc.  B Petroleum Products  B 
Electricity  B Electricity  B 
    

Electricity Generation  Industrial   
Generation & Fuel Use   Divisia energy price I 

Natural Gas I Aggregate energy quantity B 
Nuclear  B Cost shares & quantities  
Coal  B Boiler & Process Fuels  B 
Hydroelectric  B Natural Gas B 
Other Renewables  B Coal B 

Electric power generation I Petroleum products  B 
Electricity consumption I Electricity  B 
Average Generation Costs I Other petroleum products B 
Retail Electricity prices  B Electricity B 

    
  Transportation  
  Gasoline in road travel B 
I = Identity, B= Behavioral  Diesel in road travel B 

Table 2: Model endogenous variables and identities 
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3.2 Economic Impact Analysis and Models 
 

The three alternative energy supply scenarios under investigation in this study all involve significant 
capital investments either to build renewable energy plants, natural gas power generation stations, or oil 
and gas production facilities. These capital investments generate an array of direct, indirect, and induced 
impacts on the California economy. Once construction is complete, these facilities go into production, 
which requires the purchase of goods and services from the local economy generating another round of 
economic stimulus. 

 
While a drilling rig or power plant may be the most widely associated symbol of energy development, 

many activities before and after construction generate significant economic impacts.  In the case of oil and 
gas development, many people are required to identify lease properties, write leases, and conduct related 
legal and regulatory work. Similar activities are required to site renewable energy facilities. Seismic surveys 
used to delineate and target resources for extraction also require manpower, local business services, and 
other provisions. Once a prospective site is identified, site preparation and drilling in the case of oil and gas 
or construction of a power plant begins and with it the need for services, labor, and other locally supplied 
activities. Moreover, infrastructure, such as electrical transmission lines or oil and gas processing plants and 
pipelines are constructed, which again stimulates local business activity. Finally, in the case of oil and 
natural gas extraction, as production flows, royalties are paid to landowners. These expenditures in turn 
stimulate the local economy and provide additional resources for community services, such as health care, 
education, and charities. 
 

Expenditures at all stages of production generate indirect economic impacts as the initial stimulus 
from expenditures on energy development is spent and re-spent in other business sectors of the economy. 
For example, in developing mineral leases oil and gas drilling companies employ the services of land 
management companies that in turn purchase goods and services from other businesses. Similarly, the 
construction of wind turbine farms requires the construction of access roads built by contractors who 
purchase local materials and services from local businesses. These impacts are known as indirect economic 
impacts. The wages earned by these employees increase household incomes, which then stimulates spending 
on local goods and services. These impacts associated with household spending are called induced impacts. 
The total economic impacts are the sum of the direct, indirect, and induced spending, set off from the 
expenditures by investment spending to develop energy projects. These economic impacts are can be 
measured in terms of gross output, value added, tax revenues, and employment.  

 
Regional economic impact analysis using input-output models provides a means for estimating these 

economic impacts. Input-output models track transactions between various sectors of the economy and, in 
so doing, provide a means for estimating how spending in one sector affects other sectors of the economy. 
IO tables are available from MIG, Inc., formerly Minnesota IMPLAN Group based upon data from the 
Bureau of Economic Analysis in the US Department of Commerce. This project uses these tables to 
estimate the economic impacts from our estimates for the construction and operation of energy production 
facilities.  
 

Following the estimation of the energy demand model, this study estimates the economic impacts of 
the alternative electricity technology scenarios using the JEDI program developed by the National 
Renewable Energy Laboratory. These economic impacts include employment, gross output, and tax 
revenues arising from construction and operation of new electricity generation capacity. Spending levels are 
based upon the costs of new electricity capacity and generation from the energy demand model. The 
economic impacts from JEDI are estimated based upon multipliers derived from IMPLAN.  Accordingly, 
the economic impacts of oil and natural gas development are estimated using the IMPLAN model for 
California based upon estimates of the direct employment requirements for construction and operation of 
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these facilities. IMPLAN is widely used to estimate the economic impact of new energy production but a 
side-by-side comparison of three energy supply technologies is unique.  

 
There are several studies, however, that estimate some of the impacts associated with the adoption of 

renewable energy performance standards. An early report by the California Public Utilities Commission by 
Hamrin et al. (2005) found that a 33% RPS would provide a net saving to Californiaôs electricity consumers 
over a twenty year period (2011-2030). In this case, the 33% RPS would have a positive economic impact, 
even without considering the fiscal benefits of building and operating new renewable capacity. Similarly, 
Roland-Holst (2009) used the Berkeley Energy and Resources (BEAR) computable general equilibrium 
(CGE) model to find that an aggressive RPS, along with incentives and standards to promote energy 
efficiency, would help protect California from higher fossil fuel prices and, thereby, promote economic 
growth.  

   
Findings across the wider literature, however, indicate that renewable standards increase energy prices. 

In a review of 31 studies of state or utility-level RPS cost impact analyses in the U.S. completed since 1998, 
Chen et al. (2009) find that only 6 projects lower retail electricity rates. Studies that predict cost increases 
find they are typically modest, with only 10 studies predicting rate increases above 1% (and just 2 studies 
predicting rate increases of more than 5%). Chen et al. (2009) also find that, of the studies that evaluate 
macroeconomic impacts, 11 out of 12 predict some level of net employment gain to RPS policies. 

 
 The magnitude of the impact, however, varies widely and appears to largely depend on the 

assumptions of the studies rather than on the amount of incremental renewable generation required. 
Overall, Chen et al. (2009) argue that there is some considerable room for improvement in the analytical 
methods of the studies considered.  
 

Studies that incorporate fiscal impacts of expanding the renewable generation base, alongside the 
impacts on energy prices, include a series of studies by the Beacon Hill Institute at Suffolk University. These 
studies evaluate the impact of renewable standards in Montana, Colorado and Oregon using the STAMP 
(State Tax Analysis Modeling Program) CGE model (Tuerck et al. 2011a, 2011b, 2011c respectively). In 
each case, the RPS will increase electricity costs, and in turn lead to a significant net loss in jobs, wages and 
income. This net employment loss includes jobs that would be created to build out renewable electricity 
power plants. 
 
Dismukes (2005) estimates the impact of New Jerseyôs RPS (20% renewables by 2020) on the cost of 

electricity relative to a baseline of fossil fuel generation (coal and natural gas). The Dismukes study then 
uses IMPLAN to analyze the total net economic impacts from the proposed changes in rates and the 
investment in renewable technologies. The results suggest that the RPS leads to significantly higher 
electricity rates and that these costs outweigh the benefits of building and operating the renewable energy 
plants under the RPS.   

 
For this study, under each energy supply technology scenario, there are economic benefits from 

constructing and operating new electrical generation capacity. The higher generation costs of the RPS and 
natural gas scenarios relative to the baseline scenario, however, raise electricity rates due to the displacement 
of relatively cheap imports with more expensive domestically produced energy.  

 
Studies of oil price shocks suggest that higher energy prices reduce consumption and employment 

(Davis and Haltiwanger, 2001; Edelstein and Kilian, 2009). Hence, this study models the impacts of higher 
energy expenditures as a tax increase for households. The aggregate increase in household utility costs 
relative to the baseline scenario is estimated from the energy model and then disaggregated by income class. 
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Household incomes are then reduced by these amounts and the IMPLAN model is solved to estimate the 
induced impacts of these higher household energy expenditures.  

The energy demand model also provides estimates of the increase in energy expenditures under the 
RPS and natural gas scenarios from the baseline scenarios. The broad aggregates of commercial, industrial, 
and transportation energy demand, however, cannot be disaggregated to the more than 400 sectors in the 
IMPLAN model. Accordingly, for each of these three sectors the estimated economic impacts on the 
commercial, industrial and transport sectors are estimated by multiplying the increases in energy 
expenditures by value added multipliers from IMPLAN.  
 
 These multipliers are calculated as weighted averages across the commercial, industrial, and transport 
sectors. The results indicate that these multipliers, which equal the ratio of direct, indirect, and induced 
impacts relative to the direct impact, are 1.79, 2.79, and 2.46 for the commercial, industrial, and transport 
sectors respectively. The employment multiplier, which is an average across all sectors of the economy, is 
derived implicitly from the estimated impacts returned by IMPLAN. Based upon simulations of the JEDI 
and IMPLAN models, this study uses an average value of 11 jobs per million dollars of value added for the 
renewable portfolio standard and natural gas scenarios, and 4.5 jobs per million dollars of value added for 
oil and gas development. 

 
For each scenario, the loss in value added due to higher energy expenditures is subtracted from the 

gain in value added due to the construction and operation of new capacity. This allows an estimate of the 
net impact on value added for each year over the forecast horizon. The net impact on jobs and earnings 
over the forecast horizon is computed similarly using the weighted average employment and income 
multipliers from IMPLAN.  
 

The associated impact on net state tax revenues are also calculated in the same way, although in the 
renewable portfolio standard scenario there is an additional loss of state revenues due to subsidy payments 
made to renewable power generation. 

 
The energy model under each scenario calculates greenhouse gas emissions. Under the offshore oil 

production scenario, however, there is a reduction in emissions from crude oil tankers, which are no longer 
required to transport oil imports that are displaced by offshore development. This study calculates this 
carbon emission offset by using the CO2 efficiency formula provided by the International Maritime 
Organization (2009). This formula allows computation the total CO2 emissions produced by crude oil 
tankers for a given amount of ton-kilometers of work done. This study assumes the displaced oil imports 
would be coming from Valdez, Alaska, and delivered to Long Beach, California, in crude oil tankers with 
an average cargo capacity of 150,000 tons. 
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4. Scenario Development 
 

This study uses the energy demand forecasting model discussed above to project future energy 
consumption by sector in the California economy from 2010 to 2035 given assumptions on primary fuel 
prices, economic growth, and population. The full econometric model, including the behavioral equations 
discussed above, the cost, generation and retail rate equations for the electric power sector, and the carbon 
accounting relations, involves the simultaneous solution of 133 equations. Simulations are performed using 
TSP 5.1 Gauss-Newton algorithm.  

 
The projection, which assumes that any excess electricity demand beyond the existing capacity base is 

met by imports, constitutes the baseline or business-as-usual scenario used as the basis of comparison to 
evaluate the energy, environmental, and economic impacts of the following three groups of alternative 
scenarios: 

 
¶ Full implementation of California Renewable Energy Resources Act. 
¶ Adoption of integrated combined cycle natural gas power generation.  
¶ Development of offshore crude oil and natural gas reserves (with an illustrative example of the 

Santa Barbara Channel). 
 
This project uses the aforementioned energy model along with the economic impact models to 

determine the impacts of each of these scenarios on the overall energy balance, environment, and the 
economy of California, including the fiscal implications. In particular, the following metrics are compared 
across all three scenarios: 
 
¶ The level and composition of energy consumption. 
¶ Greenhouse gas emissions. 
¶ Employment. 
¶ Gross economic output. 
¶ Tax revenues. 

 
As a result, policy makers should be able to obtain a comprehensive overview of the relative merits and 

shortcomings of each of these energy technology paths. The following sub-sections discuss the assumptions 
used to develop each of these scenarios. 
 

There is a high degree of uncertainty surrounding future trajectories of primary fuel prices. The U.S. 
Energy Information Administrationôs (EIAôs) latest set of projections calls for real oil price increases of less 
than 2% per annum. However, the International Energy Agency anticipates faster growth in real oil prices, 
with world oil production capacity struggling to keep pace with demand growth. This study assumes that 
recent tightness in primary fuel prices will continue into the future. 
 

Specifically, from 2010 averages of $68.35 per barrel for oil, $4.19 per thousand cubic feet for natural 
gas and $2.19 per ton for coal, real growth rates for oil, natural gas and coal, are 4%, 3% and 1% on 
average over the sample period, respectively.  
 

For economic growth, this study considers an historic (high) growth path and a low growth path. For 
the historic growth path, the average growth trends displayed over the 1970-2009 period in California 
continue until 2035. Hence, inflation is 4.0%, real value added in the commercial and industrial sectors 
grow at 3.7% and 3.0% respectively, and real personal disposable income grows at 3.7%.  
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For the low growth path, high budget deficits and increasing fuel prices take a toll on the future 
growth performance of the California economy. Under this scenario, inflation grows at 1.8% (as projected 
by the EIA), real value added in the commercial and industrial sectors grow at 2.4% and 1.3% respectively, 
and real personal disposable income grows at 2.7%. In both scenarios this study assumes the population 
grows at the 1% per annum, which is consistent with U.S. Census forecasts.  

 
4.1 Baseline Scenario 

 
In the baseline business-as-usual scenario, the model is constructed such that electricity demand 

requirements in excess of the existing generation capacity are met by imports. These imports currently are 
supplied by a combination of coal (47%), natural gas (20%), hydroelectric (23%), and nuclear resources 
(10%). If additional imports from 2008 levels are required during the forecast period, this study assumes 
that half of these imports are produced by new natural gas capacity and the other half comes from new 
scrubbed coal-fired capacity build outside California. Hence, if California electricity imports exceed the 
peak levels of 2008, the price of electricity imports rise to reflect the incremental cost of new capacity. 
Under the California Renewable Energy Resources Act scenario 10% of electricity imports are met with 
renewable energy. Marginal generation costs for hydroelectric and nuclear resources are constant in real 
terms. For coal and natural gas, real marginal generation costs increase at 0.5 and 2.5% respectively. The 
weighted average cost of imported electricity rises 0.75% in real terms from 2011 to 2035.  

 
The baseline forecast also requires projections of available electricity generation capacity. This study 

uses forecasts of generation capacity published by the US Energy Information Administration for the 
western region in the United States out to the year 2035. Generation capacity by type in California is 
assumed to grow at the same rate as the western regional forecasts published by EIA. These forecasts 
indicate a sharp increase in renewable energy capacity from roughly 6,500 MW in 2010 to over 12,000 MW 
by 2035 (see Figure 7). Hydroelectric and nuclear capacity is expected to remain and current. Fossil fuel 
based capacity, which is overwhelmingly natural gas, is expected to remain at current levels through 2020 
and then increase after that time to 2035 (see Figure 7). 

 
Electricity demand, generation costs and retail rates under each of these scenarios are simulated using 

the econometric model based upon estimates of the costs of installing and operating these generation 
technologies, which are known as levelized costs. Levelized costs are defined as the variable costs of operation 
plus a capital cost recovery component, which are the amortized capital costs of installation.  

 
This study assumes a 12% discount rate in the computation of the capital recovery factor. Operating 

and capital costs are estimated for a base year and then projected into the future based upon the EIAôs 
forecasts of future generation costs. Given recent price increases in basic materials, such as steel and 
concrete, capital costs have escalated dramatically in recent years. 
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Figure 7: Projected baseline electricity generation capacity 

 
4.2 California Renewable Energy Resources Act 

 
The California Renewable Energy Resources Act (Senate Bill X 1-2) is the most ambitious renewable 

portfolio standard (RPS) in the country. The law requires 33% of electricity retail sales to be served by 
renewable energy resources by 2020. The standard applies to all electricity retailers in the state, including 
publicly owned utilities (POUs), investor-owned utilities (IOUs), electricity service providers and 
community choice aggregators. Under the RPS compliance schedule, these entities are required to achieve 
20% of retails sales from renewables by 2013, 25% by 2016, and 33% by 2020.  
 

Prior to passage of SB X 1-2, California aimed to achieve 20% renewable energy by 2010. However, 
according to the California Public Utilities Commission the state fell short of this target, with the three 
large IOUs collectively serving 18% of their 2010 retail electricity sales with renewable power.  
 

SB X 1-2 generally favors in-state development, but does allow for some importation of out-of-state 
renewables. This is specified by section 399.16, which imposes a ñloading orderò requiring each provider to 
attain a balanced portfolio of renewables under three categories:  
 

1) Products that have a first point of interconnection with a California Balancing Authority (CBA) (or 
with distributing facilities servicing a CBA), or which are scheduled into a CBA, or which have an 
agreement to dynamically transfer electricity to a CBA. 

2) Firmed and shaped products scheduled into a CBA. 
3) Other products (including unbundled renewable energy credits, or RECs). 
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Unbundled RECs are sold as a separate commodity from the underlying energy itself. These credits 
can be purchased from any state within the Western Electricity Coordinating Council. Sales under category 
(3), therefore, effectively permit some out-of-state renewable energy to count towards Californiaôs RPS. 
Under section 399.16, after 2017 all providers must procure no less than 75% of their renewables from 
category (1) and no more than 10% from category (3), with the rest coming from (2). Hence, to represent 
this feature within our model, this study assumes that 10% of the RPS targets are met by out-of-state 
generation (i.e. electricity imports).      
 

California has traditionally provided strong support for renewable generation, such as the statewide 
campaign called Go Solar California. This campaign is a joint effort by the Energy Commission and Public 
Utilities Commission to establish 3,000 MWs of new grid-connected solar generating capacity by the end of 
2016 with a budget of $3.35 billion. This project includes the California Solar Initiative and the New Solar 
Homes Partnership, which offer substantial incentives to the solar industry in California. Much of the RPS 
is, therefore, expected to come from solar. In fact, the largest solar thermal power project currently under 
construction in the world is the 392 MW Ivanpah Solar Electric Generating System, located to the 
southwest of Las Vegas in California. Many far larger solar thermal power stations also have been proposed, 
including the Blythe Solar Power Project (968 MW), the Calico Solar Energy Project (850 MW) and the 
Imperial Valley Solar Project (709 MW).  
 

There are, however, a wide range of technologies in addition to solar thermal that qualify for 
Californiaôs RPS. These include biomass, photovoltaic (PV), wind, geothermal, fuel cells using renewable 
fuels, small hydroelectricity (under 30 MW), digester gas, trash conversion (without utilizing combustion), 
landfill gas, ocean wave, ocean thermal, and tidal current. This study considers an expansion of Californiaôs 
current procurement path (44% wind, 24% solar thermal, 15% geothermal, 10% PV and 7% biomass) to 
achieve Californiaôs 33% renewable target by 2020. Beyond 2020, this scenario assumes that California 
continues an aggressive development path for renewable energy, reaching 40% of total retail sales by the 
end of the forecast period. 

 
The levelized costs of the non-renewable and renewable technologies appear below in Figure 8. Costs 

for solar thermal and photovoltaic (PV) costs are substantially higher than the other generation 
technologies. Costs of solar are highly sensitive to its operating rate. The solar industry recognizes the 
challenge to increase operating rates in order to lower the actual delivery price of energy from these 
facilities. Sandia National Laboratory reports that without energy storage, the annual capacity factor of any 
solar technology is generally limited to about 25%.  

 
This study, therefore, assumes that solar thermal plants operate at a 25% capacity utilization rate. In 

addition, this study adopts EIAôs 2010 Annual Energy Outlook assumption that the capacity utilization of 
PV systems is 21%. If the solar operating rates could be increased further, this would dramatically reduce 
the cost of solar generated electricity. 
 

The levelized costs for these technologies change in rough proportion to the estimated change in the 
overnight capital costs of generation capacity because solar technology has no fuel costs and relatively small 
operating and maintenance costs. Hence, the progress this study forecasts will be made in bringing down 
solar generation costs reflects the substantial fall in overnight capital costs for solar technology projected by 
the EIA. By 2035, solar thermal technology is nearly cost competitive with the traditional energy generation 
sources. Although PV systems are considerably more expensive, other considerations may tip the balance in 
favor of PV systems. These include generous federal and state grants, tax rebates and exemptions. Indeed, 
PV power is rapidly expanding in California, which has more PV installed than any other state.  
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Figure 8: Levelized costs of renewable generation capacity 

 
The U.S. Department of Energy recently announced the Sunshot Initiative to advance solar 

development and manufacturing. This initially included the awarding of $27 million for nine new solar 
projects, and was followed by an announcement that $110 million would be invested in the development of 
advanced PV manufacturing. The aim is to achieve cost competitive solar energy by 2020, which is actually 
substantially earlier than the EIA projections suggest. Hence if this objective is met then our projections of 
the cost gains may turn out to be on the conservative side.  



Powering California ï page 86 
 
 

4.3 Natural Gas Based Electricity Generation 
 

Rather than using renewable energy to supply new electricity requirements natural gas based 
generation could be used to supply those needs. The baseline assumption is that all new electricity demand 
is supplied by imports. However, California already imports more electricity from other states than any 
other state. Hence, this study considers the costs and environmental trade-offs of replacing all new 
renewable generation under the RPS scenario from now to the year 2035 with the combined cycle natural 
gas generation.  

 
Currently, natural gas plants are the most frequent choice for new power in California.  The assumed 

levelized costs for new natural gas combined cycle capacity is displayed below in Figure 9. Costs for new 
natural gas generation technology falls markedly in 2009 due to a large decline in natural gas prices, before 
costs gradually increase as natural gas prices recover. 

 

 
Figure 9: Levelized costs of new natural gas generation capacity 

 
4.4 Developing Oil and Natural Gas Resources  

 
The third and final scenario examined in this study involves additional development of crude oil and 

natural gas in California. While many counties in California could be developed on shore and off shore, for 
the purposes of this study, we have analyzed one specific oil and gas development scenario under the Santa 
Barbara Channel. This field has been under development for many years but environmental concerns led to 
a permanent moratorium on new oil and gas leasing and development in state waters offshore California. 
Federal leasing has been deferred with temporary moratoria in place for the past 28 years. 

 
In 1990 President G.H. Bush issued an executive moratorium banning new federal leasing through the 

year 2000 in many areas of the U.S. including California. In 1998, President W.J. Clinton extended the 
moratorium through 2012. In July 2008, President G.W. Bush rescinded this executive order.  
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The California Lands Commission halted additional leasing of state offshore tracts after the Santa 

Barbara oil spill in 1969. In 1994 the California legislature codified the ban on new leases by passing the 
California Coastal Sanctuary Act that prohibited new oil and gas leasing in state waters from Mexico to the 
Oregon border.  

 
No new leasing in state offshore waters will occur unless the legislature acts to eliminate or modify the 

prohibition. The State Land Commission is prohibited from issuing new leases unless it determines that oil 
and gas resources are being drained from wells in federal waters. The prohibition also may be modified 
under a severe energy supply disruption or if the new leases are found to be in the best interest of the state. 
Development may still occur on state and federal leases granted prior to the moratorium. Currently, there 
are 82,000 acres under lease within the Santa Barbara Channel.  

 
Recent technological advances now allow environmentally safe extraction of these resources. For 

example, extended reach drilling can extract offshore oil from land without the need for new offshore 
platforms. So the threat of oil spills in coastal environments would be minimized with this technological 
solution. Moreover, increasing California oil and gas production would reduce the need for crude oil 
imports, reducing air emissions associated with oil tanker traffic.  
 

Emissions associated with energy consumption would be unaffected because Californians would be 
consuming the same amount of oil and gas as under the baseline scenario because the incremental 
production from California is too small in relation to world production to affect petroleum product prices 
and, hence, consumption and emissions. 

 
Increasing production of crude oil and natural gas offshore would require, for example, the 

construction of onshore facilities for production and transportation of crude oil and natural gas from five 
new projects and four existing producing areas within the Santa Barbara Channel. This construction 
activity involves expenditures on equipment, drilling structures, storage tanks, pipelines, and processing 
facilities. Total cost projection for these potential projects is $2.9 billion in 2010 dollars, including 
exploratory drilling, well construction, support and processing facilities, water treatment plants, other 
facilities, and operating expenditures (see Figure 10). These cost estimates also include outlays near the end 
of the 30-year life of a potential project to abandon the operation.  
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Figure 10: Capital expenditures for new crude oil production from Santa Barbara Channel 
The projected incremental production of crude oil from these investments is displayed above in Figure 

10. Production rises sharply during the first four years of potential projects in the Santa Barbara Channel 
and then declines thereafter (see Figure 11). Total cumulative production over the 30-year horizon is 1.54 
billion barrels. The estimated economic impact of potential projects in the Santa Barbara Channel will be 
discussed in the following section. 

 

 
Figure 11: Possible new crude oil production from Santa Barbara Channel 
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5. Energy, Economic, and Environmental Impacts 
 

The baseline business-as-usual forecast and the three alternative energy development scenarios are 
discussed in each of the four sub-sections below. For the baseline scenario, the major trends affecting energy 
use and production are identified and discussed. For the three alternative scenarios, the energy, economic, 
and environmental impacts are compared to the baseline forecast. The focus is on six metrics: employment, 
value added, tax revenues, energy consumption, energy production, and environmental emissions. 

 
5.1  The Baseline Forecast  

 
The business-as-usual forecast provides a baseline of comparison.  Under the low growth scenario with 

the average annual increase in gross domestic product of 2.23% and our assumptions of primary fuel price 
escalation, total energy consumption including consumption of coal, natural gas, and petroleum products 
in the residential, commercial, and industrial sectors plus consumption of electricity including conversion 
and transmission losses grows at 0.64% per annum from 2010 to 2035. Hence, the energy intensity of use 
or the ratio of total energy consumption to gross state product declines on average 1.59% per year during 
the low growth forecast scenario. Under the high growth scenario, gross state product increases 3.65% per 
annum and total energy use increases 1.08% per year. In this case, the energy intensity of use declines 
2.57% per annum. These scenarios extend the trend toward greater energy efficiency as illustrated in Figure 
12 below. 

 
 

 
Figure 12: Historical and projected energy intensity of use 
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Figure 13: Historical and projected oil, natural gas, and electricity use 

 
As Figure 13 illustrates above, natural gas use is projected to expand much faster than petroleum use 

for an average of 1.94% under the low growth scenario and 2.02% under the high growth scenario. 
Electricity use follows a similar track expanding 0.72% per annum under the low growth scenario and 
1.61% under the high growth scenario.  

 
These projections envision California becoming more reliant upon natural gas and electricity at the 

expense of petroleum. This shift in the composition of total energy consumption away from petroleum 
toward natural gas and electricity is illustrated below in Figure 14. Under both baseline scenarios the share 
of oil declines from about 45% to under 40% of total energy consumption. The electricity share of total 
energy use actually declines from roughly 35% of total use to 33% by 2017 and then begins a gradual 
recovery to present levels by 2035. The share of natural gas rises about eight percentage points over the 
forecast horizon.   
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Figure 14: Projected shares of oil, natural gas, and electricity use 

 
The trade balance for electricity is displayed below in Figure 15. Under both baseline scenarios electric 

generation capacity within California increases from 66,000 MW in 2010 to over 82,000 MW in 2035. 
Under the low growth scenario, imports of electricity decrease slightly from 73 million MWhr in 2010 to 
71 million MWhr in 2020 and eventually to 69 million MWhr in 2035. In contrast, under the high growth 
scenario, electricity imports rise to 95 million MWhr in 2020 and to 138 million MWhr in 2035.  
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Figure 15: Projected electricity demand and imports 

 
Under the low growth scenario, electricity demand reaches 256 million MWhr by 2020 and 297 

million MWhr by 2035. Average annual growth in consumption is 0.66%. Alternatively, under high growth 
demand eventually rises to 365 million MWhr by 2035 and so in this case California requires an additional 
115 million MWhr of electricity. Average annual growth in consumption under this scenario is 1.47%.  
 

One factor dragging down future electricity demand growth is increasing real rates for electric power. 
Under the low growth scenario, real generation costs rise from around $42 / MWhr in 2010 to around $50 
/ MWhr in 2035 for a 0.7 percent annual average increase. In contrast, under the high growth scenario, 
imported electricity prices increase with higher imports, and real generation costs increase at almost 1.5% 
per year to over $159 / MWhr in 2035. Retail electricity prices move in tandem with these higher 
generation costs. 

 
Primarily due to swiftly rising oil prices, real monthly household expenditures on energy rise 

throughout the forecast period: expenditures increase from $260 per month in 2010 to $440 per month by 
2035 under low growth, and from $264 per month in 2010 to $478 per month by 2035 under high growth 
(see Figure 16). In the low growth scenario, residential electricity consumption per customer, which was 
increasing until the recession in the late 2000s, is essentially flat over the forecast horizon. On the other-
hand, under high growth electricity consumption per customer in the residential sector continues an 
upward trend. 
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Figure 16: Real Monthly Household Energy Expenditures 

 
Figure 17 reveals the forecasted future trends in total carbon dioxide emissions. Under low growth, 

emissions increase from 2010 levels of 423 million tons to 491 million tons by 2035. Under high growth, 
emissions increase from 2010 levels of 424 million tons to 592 million tons by 2035. Note that these 
emissions result from the combustion of natural gas, coal and petroleum products in the residential, 
commercial, industrial and transportation sectors of the California economy, or other states if the electricity 
is imported. 


