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EXECUTIVE SUMMARY

Introduction
This report describes five alternative scenarios for future energy demands in California,
developed at UC Davis as part of the Advanced Energy Pathways (AEP) project.

The Advanced Energy Pathways is a project of the California Energy Commission’s (CEC)
Public Interest Energy Research (PIER) Program, with contributing researchers from the
University of California, Davis (UCD); Lawrence Livermore National Laboratory (LLNL);
Global Environment and Technology Foundation (GETF); and the University of California,
Berkeley (UCB). The primary objective of the AEP is to analyze the impacts of alternative
transportation energy pathways on California’s natural gas and electricity sectors through the
year 2050.

The scenarios presented here are intended to span a wide range of possible energy demand
futures for California and provide an energy demand context for AEP’s analyses of integrated
energy supply strategies. In this report we present a methodology for scenario development that
enables us to quantify the electricity, natural gas, and transportation fuel demands between 2005
and 2050 for a range of demographic, economic, and technical assumptions. The scenarios
provide transparent estimates of future energy demands that will feed into subsequent energy
systems modeling. These future AEP studies will model future energy supplies and
infrastructure in California to determine how these demands, as well as additional energy
demands due to advanced transportation fuels and technologies, will be met.

Scenario Descriptions

We present five energy demand scenarios that span a wide range of demographic, economic and
technology assumptions for California through the year 2050. The main drivers for each of the
energy demands are population, per-capita activity (e.g., vehicle miles per person), and
efficiency (e.g., vehicle fuel economy). For natural gas and electricity, the demand for
individual sectors (residential, commercial, industrial, agricultural, and other) is projected
individually, then aggregated to provide total state-wide demands. Transportation fuel demand is
calculated separately for light-duty vehicles, heavy-duty vehicles and aircratft.

Three of the scenarios are distinct, representing baseline, maximum, and minimum demands.
The Baseline demand scenario develops energy demand projections by continuing recent and
projected near-term trends for each of the drivers, while Minimum demand and Maximum
demand incorporate assumptions that attempt to minimize or maximize total energy demands,
respectively.

Two additional scenarios are presented to explore sensitivities around the Baseline demand
scenario. These adopt identical demographic and economic assumptions as the baseline, but
vary other parameters to project higher or lower demand. For electricity and natural gas, these
two scenarios (called Baseline — high efficiency and Baseline — low efficiency) explore the
sensitivity of the Baseline demand scenario to changes in efficiency. For transportation fuel
demand, all parameters other than demographics and economics vary in the moderate scenarios
(Baseline — low demand and Baseline — high demand), capturing the impact of several
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assumptions on Baseline demand (including the distribution of vehicle types in the fleet, vehicle-
miles traveled, and fuel efficiency).

The scenario assumptions are summarized in Tables ES-1 and ES-2.

Table ES-1 Summary of electricity and natural gas scenario assumptions.

Scenario Demographics Economics Efficiency
Year 2050 pop. =
70 million;”
. Frozen at current
Maximum demand Decreasing Avg. annual GSP levels, or very minor
household size, growth =3.74% | . ’ Y
. . improvement
more single family
homes
Frozen at current
Baseline - low efficiency levels, or very minor
Year 2050 pop. = improvement
55 million;" Avg. annual GSP | Continued historical
Baseline demand Continuation of growth =2.75% | and projected near-
current household term trends
¢ - -
Baseline - high rends Tgchmcally fea51b1§
efficienc improvements (with
Y today’s technology)
Year 2050 pop. =
45 million; Technically feasible
. Increasing Avg. annual GSP . .
Minimum demand . - o improvements (with
household size, growth = 1.05% today’s technology)
fewer single family Y &y
homes
GSP = Gross State Product, DOF = California Department of Finance

* DOF (2004)

Table ES -2 Summary of transportation fuel demand scenario assumptions

Year 2050
VMT per- Year 2050 fleet-
Scenario Fleet characteristics capita avg. fuel economy
. 82 million vehicles in Increasing
Maximum demand 2050: truck share 12,376 23 mpg
Baseline — high Increasing 12,916 24 mpg
demand . . . truck share
51 million vehicles in Constant
Baseline demand 2050; truck share 10,833 26 mpg
Baseline — low Decreasing
demand truck share 8,434 32 mpg
.. 30 million vehicles in Decreasing
Minimum demand 2050: truck share 5,583 49 mpg

X




Electricity Demands

The total electricity demand for each of the scenarios is presented in Figure ES-1. Also shown
on the figure is the CEC’s electricity projection from the 2005 Integrated Energy Policy Report
(IEPR2005). As expected, the Baseline Demand scenario tracks the IEPR projection to 2016,
and shows continued growth to 2050. The two Baseline Demand side-cases illustrate the
relatively modest potential for energy efficiency to slow the growth of statewide electric demand.
The Minimum Demand and Maximum Demand cases show a wide variation in annual electricity
demand, from 217,000 GWh to 688,000 GWh in 2050. This factor-of-three difference illustrates
the multiplicative impacts of population growth, per-capita activity growth and technology and
efficiency assumptions on total energy demand. Compared to Baseline Demand-High efficiency,
Minimum demand shows a 20% reduction in electricity demand despite growth (albeit slow) in
population and the state economy. Maximum demand shows a very large increase in electricity
demand because of population growth, growth in economic and activity drivers (such as
industrial shipments and commercial floorspace), and minor increases in energy efficiency.

California annual electricity consumption by demand scenario

800,000 ~

— Maximum demand

700,000 4 — Baseline - low efficiency

— Baseline demand

600,000 - — Baseline - high efficiency
Minimum demand

—ll— EPR2005

500,000 -

400,000 -

300,000 4

200,000 -

Annual electricity consumption (GWh)

100,000 -

0 : : : : : : : : i
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure ES-1 Annual electricity demand for each alternative scenario.

Per-capita electricity consumption (see Figure ES-2) is projected to increase an average of 0.63%
annually in Maximum demand, to 9,836 kWh/year in 2050, and 0.24% per-year in Baseline - low
efficiency, to 8,280 kWh/year. Baseline - high efficiency and Minimum demand see average
annual reductions in per-capita electricity consumption of 0.29% and 0.94%, respectively, to
6,514 kWh/year and 4,853 kWh/year in 2050.
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Figure ES-2 California annual per-capita electricity consumption by demand scenario.

Natural Gas Demands

Figure ES-3 shows natural gas demands in California for each of the alternative scenarios to
2050. Natural gas demand varies from 8,800 to 37,400 million therms in 2050. Much of the
four-fold difference between the Minimum demand and Maximum demand scenarios, and the
difference between Maximum demand and Baseline - low efficiency, can be attributed to the
significant differences in industrial shipment assumptions that are linked to economic growth.
As shown by the electricity and natural gas demands in the three Baseline Demand cases, the
impact of energy efficiency changes is relatively small compared to the effects of changes in

population and economic growth.

California annual natural gas consumption by demand scenario
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Figure ES-3

Annual natural gas demand for each alternative scenario.
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Per-capita natural gas consumption is illustrated in Figure ES-4 for the alternate scenarios. In the
Baseline demand scenario, year 2050 per-capita consumption is 8% below current levels.
Minimum demand sees a 50% reduction in per-capita consumption by 2050, while in Maximum
demand, consumption increases 35% per-capita by 2050. Baseline — low efficiency and Baseline
— high efficiency see an increase in per-capita consumption of 6% and a reduction of 26%,
respectively, by 2050. These sensitivity-scenarios illustrate the range of efficiency assumptions
included in the natural gas projections.

Per-capita natural gas consumption by demand scenario
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Figure ES-4 Per-capita natural gas consumption for each alternative scenario.

Transportation Fuel Demands

Figures ES-5 and ES-6 show the transportation fuel demand and per-capita fuel demand in
California for each of the alternative scenarios out to 2050. Also shown on Figure ES-5 is the
IEPR2005 fuel demand projection to 2025, which is matched and then extended to 2050 in the
Baseline demand scenario. The key drivers for transportation fuel demand are population,
vehicle miles traveled per-capita, fuel economy, and sales distribution by vehicle type.
Transportation fuel shows the most significant variation between the highest and lowest demands
of any of the three energy demands, in part because of the significant reductions assumed
possible in Minimum demand. The fuel demand reduction is dependent upon very large vehicle
efficiency improvements that were assumed possible for light-duty vehicles and an assumed
significant decline in travel demand. Out of the seven-fold change in demand between the
extreme scenarios for light-duty vehicles (six-fold for total fuel usage including heavy-duty and
aircraft demand), the fuel economy and travel demand (VMT/capita) assumptions account for
approximately a factor of four.
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Figure ES-5  Annual transportation fuel demand for each alternative scenario.
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Figure ES-6  Annual per-capita transportation fuel demand for each alternative scenario.

Summary

This scenario report and accompanying spreadsheets provide the annual demand for electricity,
natural gas and transportation fuel from 2005 to 2050 for five scenarios that span a wide range of
demographic, economic and technology development assumptions. The report covers the
methods and assumptions for generating energy demands for each energy type and sector. The
level of future energy demand has important implications on future energy supplies for
California, with respect to availability of resources, cost and reliability of energy services, and
environmental implications for meeting energy demand. The range of scenarios developed here
and their associated energy demands is quite large, which provides a useful set of inputs into the
energy system modeling to assess these issues.
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1. INTRODUCTION

This report covers the development of energy demand scenarios for California as part of the
Advanced Energy Pathways (AEP) project. It extends (and modifies) the baseline demand
scenario projections reported previously (McCarthy et al., 2006).

Advanced Energy Pathways is a project of the California Energy Commission’s (CEC) Public
Interest Energy Research (PIER) Program, with contributing researchers from the University of
California, Davis (UCD); Lawrence Livermore National Laboratory (LLNL); Global
Environment and Technology Foundation (GETF); and the University of California, Berkeley
(UCB). The primary objective of the project is to analyze the impacts of alternative
transportation energy pathways on California’s natural gas and electricity sectors through the
year 2050. Many of the transportation energy pathways represent new paradigms (based on
hydrogen fuel cell vehicles or plug-in hybrid electric vehicles, for example) that require
significant changes to the current transportation fuel supply infrastructure and impact demand for
existing energy resources — electricity and natural gas. The AEP project quantifies the impacts
of such changes on the State’s energy systems using scenario analysis.

Impacts of interest include CO, emissions, resource consumption (especially natural gas and
renewables), and marginal energy supply costs. They will be evaluated at each year from 2005
to 2050 on an hourly basis for a set of energy demand and supply scenarios. This report
describes the demand scenarios that will be included in the modeling. They will be used as
inputs to a LLNL computer model that will optimize the structure and operation of California’s
energy supply system given various supply scenario assumptions (e.g., a high Renewable
Portfolio Standard).

It is useful to have several demand scenarios that span the range of total energy demands to
include in the modeling effort. Five scenarios are described for electricity, natural gas, and
conventional light-duty vehicle (LDV) transportation fuels consumption through the year 2050.
The scenarios reflect different energy futures that might develop within the State, and encompass
feasible ranges in the underlying demographic, economic, and technical parameters. They do not
consider specific demographic, economic, political, or social events or trends explicitly (such as
oil price shocks or environmental impacts of climate change), despite the fact that realizing some
of the scenarios could require a significant shift in public perception or policy.

While we do not consider sow the scenarios might materialize, the Global Business Network
(GBN) has developed a set of narratives that describe three alternate scenarios for California
(Mintzer et al, 2006). Their work describes various climatic, economic, political, and social
events and trends, and hypothesizes how they might shape California over the next half century.
We attempt to quantify the GBN scenarios in Appendix C, using the same framework as for the
development of our demand scenarios. However, it is important to note that we do not model
them with the full detail presented in the GBN narratives.

Aside from the baseline demand scenario described previously (McCarthy et al, 2006) — and
revised here — we provide alternate scenario estimates for maximum, minimum, and moderate
energy demand cases. The Baseline demand scenario provides a set of possible energy demand



growth curves that are based upon extensions of current trends, assuming no significant policy or
demographic shifts. The Baseline demand scenario provides a reference point to understand the
impact of large-scale shifts in technology, demographics, and/or policy. The Maximum demand
and Minimum demand cases represent a convergence of presumed maxima and minima in all the
relevant underlying assumptions. The moderate scenarios bracket Baseline demand — using
similar demographic and economic assumptions, but varying energy efficiency and other
parameters — and result in energy demands that are less extreme than the minimum and
maximum cases. These scenarios provide a wide range of possible energy demands, which is
useful as a basis for the energy systems modeling.

The light-duty vehicle (LDV) transportation fuel demand scenarios presented in this report do
not include the alternative energy pathways (such as hydrogen and electric vehicles). These will
be investigated in a later phase of the AEP project. Rather, they encompass a range of demands
for conventional fuels (gasoline, diesel, and ethanol as an additive) based on existing commercial
technologies (e.g., conventional internal combustion engine vehicles and hybrids) and various
demographic, economic, and efficiency assumptions. These “background” scenarios will be
modified to include alternative fuel demand scenarios (which will describe the trajectory of
vehicle adoption and alternative fuel demand) later in the project.

Also, as these scenarios are intended as inputs for later modeling to investigate alternative energy
supply strategies and the parameters that affect them, we do not explicitly include endogenous
factors such as income- or price-elasticity of demand (although they may be captured to some
extent implicitly, in our data sources). These issues might be addressed in the subsequent
modeling.



2. OUTPUTS

The primary output from this work is detailed quantitative projections of major energy demands
within California through 2050 for five alternate demand scenarios and the three GBN scenarios.
They are organized into Microsoft Excel® spreadsheets that contain temporally- and spatially-
disaggregated data series for electricity, natural gas, and transportation fuels. The electricity and
natural gas projections are broken down into five sectors: residential, commercial, industrial,

agricultural, and other (which includes transportation, communications, and utilities).

Each spreadsheet is annotated to provide the user with information regarding the derivation of
the scenarios, the projection methods, and the critical underlying assumptions. The spreadsheets
also contain graphs comparing the scenarios at several levels of aggregation. Table 1 lists the
spreadsheets containing the scenario demand projections, and describes the outputs contained

therein.

Table 1. Output files for AEP scenario demand projections.

Filename

Description

Electricity AEPscenarios.xls

* Annual electricity consumption by sector and region
* Annual peak electricity demand by sector
* Demographic and economic projections

Hourlydemand AEPscenarios.xls

* Hourly electricity demands by sector

Naturalgas AEPscenarios.xls

* Annual natural gas consumption by sector and region
* Annual peak-month natural gas demand
* Demographic and economic projections

Transportation AEPscenarios.xls

* Annual, monthly and hourly transportation fuels demands
* Annual vehicle miles traveled

* LDV fleet average fuel economy (mpg)

* Annual new car sales by vehicle class and type




3. METHODOLOGY

The energy demand scenarios capture variations in underlying demographic, economic, and
energy usage parameters. Our Baseline demand scenario derives from existing CEC projections
for the next 10-20 years developed as part of the biennial Integrated Energy Policy Report
(IEPR), and extends those trends through 2050. Our alternate scenarios begin with historical
data, and projecting forward, vary the underlying demographic, economic, and technical
parameters within feasible ranges. Reasonable parameter ranges were defined based on literature
review and consultation with experts in the field.

In general, we project electricity, natural gas, and transportation fuel energy use as the product of
energy intensity (e.g., electricity use per household) and the level of activity (e.g., number of
households). Activity levels are based upon assumed demographic and economic parameters for
each scenario. Energy intensities are based on scenario assumptions regarding energy efficiency
improvements. We do not model specific efficiency drivers over the long-term — such as policy
mandates, the introduction of specific technologies, or price elasticities of demand — rather, many
projections are based upon assumed annual growth rates based on historical data and existing
near-term projections. Many such drivers are modeled implicitly, however, based upon detailed
sector-specific sources we use for our energy intensity projections over the next 10-20 years.

Detailed discussion of the methods used to project electricity, natural gas, and transportation
fuels demand follows in the sections below, and in the Appendix.

3.1. CEC projections

The CEC regularly develops and updates energy demand projections for electricity, natural gas,
and transportation fuels. These forecasts typically extend 10-20 years into the future. We extend
the trends found in those projections to 2050 to develop our Baseline demand scenario. The
CEC forecasts and reports used in developing the baseline demand scenario are listed in Table 2.
We used projections supporting IEPR2005 when available, and used those from IEPR2003,
otherwise (CEC, 2005d; CEC, 2003d).

Table 2. CEC reports used for Baseline demand scenario projections.
Reference Timeframe | Parameter Sector
Floorspace Commercial
Commercial
.. Industrial
CEC,2003a | 20032013 | Flectricity BUL 1o utural
Other

Natural gas EUI | All

Shipments Industrial

CEC, 2005a | 2006-2016 Electricity EUI | Residential

VMT Transportation
CEC, 2005¢ | 2005-2025 Vehicle stock Transportat%on
Fuel economy Transportation
Fuel demand Transportation

* EUI = energy use intensity; VMT = vehicle miles traveled



The state is divided into 16 climate zones to account for variable heating and cooling loads.’
These are aggregated into seven electricity utility planning regions,” which in turn are aggregated
into four natural gas utility planning areas. We project sectoral demands in each of the seven
planning areas for electricity and in each of the four planning areas for natural gas. Demand is
projected for the residential sector at a more refined level, in terms of climate zones for
electricity, and in terms of the electricity planning areas for natural gas.* For the purposes of
aggregating sectoral electricity demands into a state-wide total, we convert climate zone-specific
residential electricity demands into electricity planning area demands, and natural gas demands
at the electricity planning area level into natural gas planning area demands, according to the
relationships defined in Table 3.

Table 3. Regional classification in CEC forecasts and demand scenarios.
Climate zone Electricity planning area Natural gas planning area
Climate zone 1
Climate zone 2
Climate zone 3 Pacific Gas & Electric (PG&E)
Climate zone 4 PG&E
Climate zone 5

Climate zone 6 Sacramento Municipal Utility

District (SMUD)
Climate zone 7
Climate zone 8 Southern California Edison
Climate zone 9 (SCE)
Climate zone 10 Southern California Gas
Climate zone 11 Los Angeles Department of (SCQ)

Climate zone 12 Water and Power (LADWP)
Burbank, Glendale, and

Climate zone 16

Pasadena (BGP)
. San Diego Gas & Electric
Climate zone 13 (SDGE) SDGE
Climate zone 141, . . lities Other utilities

Climate zone 15

3.2. Other data sources

We use a similar framework for the alternate scenarios as for the baseline demand scenario,
described in CEC (1996, 2005b), but incorporate variable demographic, economic, market, and
technology trends. We define these trends based on a review of the relevant literature. The data
sources for the projections in the alternate scenarios are listed in Table 4.

! The climate zones referred to here are those used by the CEC in their energy forecasts for the state. They differ from the 16
climate zones defined by the Title 24 Building Standards.

2 An eighth electricity utility area, the Department of Water Resources (DWR), is defined only for water pumping in the
agricultural sector.

? The level of regional disaggregation reflects the availability of such data. For example, considering natural gas, we do not have
climate zone-specific data for the residential sector, but we do have more refined data for the sector (i.e., energy intensity by
electricity utility) than we have for any of the other natural gas demand sectors, which are disaggregated by the natural gas
utility planning areas.



Table 4. Data sources for alternate demand scenario projections.

Reference Timeframe | Parameter Sector Demand scenario
Baseline — low efficiency
DOF, 2004 2000-2050 | Population (county) All Baseline
Baseline — high efficiency
Iﬁiﬁ?}f 221333 2003-2100 | Population (state) All Maximum
PPH (county) Residential All
Baseline — low efficiency
DOF, 2006 2000-2006 % SFHH (county) Residential Baseline
Baseline — high efficiency
0 . . Maximum
é)&lgéltum/ltron, 2005-2050 % SFHH (state) Residential Minimum
Elec. EUI (CZ) Residential All
CEC, 2005¢ 2005-2016 | NG EUI (state) Residential Baseline — high efficiency
Minimum
CEC, 2005¢ 2005-2016 | Elec. & NG EUI Commercial Baseline — high efficiency
USGBC, 2005 N/A (state) Minimum
KEMA, 2006 2005-2016 | Elec. EUI (state)
EIA, 2006 2006-2030 | Elec. & NG EUI (US) | Industrial All
Itron et al, 2006 | 2005-2016 | NG EUI (state)
Heavy duty fuel
EIA 2006 2005-2030 | economy Transportation | All
Aircraft fuel economy

PPH = persons per household, % SFHH = percent of households that are single-family dwellings,
CZ = climate zone, EUI = energy use intensity

3.3.  Scenario Descriptions

We develop five alternative scenarios for energy demand in California through 2050. Three of
the scenarios are distinct, representing baseline, maximum, and minimum demands. Two
additional scenarios are presented as variations to the baseline scenario. These adopt identical
demographic and economic assumptions as the baseline, but vary other parameters to project
higher or lower demand for the same baseline demographic and economic future. For electricity
and natural gas, these two scenarios illustrate the sensitivity of the baseline scenario to changes
in efficiency assumptions. For transportation fuel demand, all parameters other than
demographics and economics vary, capturing the impact on Baseline demand of changes in
several assumptions (including the distribution of vehicle types in the fleet, vehicle-miles
travelled, and fuel efficiency).

3.3.1. Electricity and natural gas scenarios

We consider five alternate demand scenarios for electricity and natural gas consumption in
California. Three are independent, while the other two quantify the sensitivity of demand to
efficiency assumptions. The latter two scenarios incorporate baseline demographic and
economic assumptions, but vary the efficiency assumptions:

*  Maximum demand
* Baseline - low efficiency



* Baseline demand
* Baseline - high efficiency
*  Minimum demand

The assumptions underlying each scenario are described generally in Table 5. More detailed
discussion regarding the development of each scenario follows in subsequent sections.

Table S. Summary of electricity and natural gas scenario assumptions.
Scenario Demographics Economics Efficiency’
Year 2.05.0 pg) p-= Frozen at current
Maximum demand 70 million; Avg. annual GSP levels, or very minor
Decreasing PPH; growth = 3.74% improsvemen h
Increasing %SFHH
Year 2050 pop. =
55 million;® Frozen at current

Avg. annual GSP

growth = 2.75% levels, or very minor
=2.75%

Baseline - low efficiency | Continuation of

current household improvement
trends
Year 2050 pop. =
55 million;® Continued historical
Baseline demand Continuation of Avg. annual GSP and projected near-
growth =2.75%
current household term trends
trends
Year 2050 pop. =
55 million;" Technically feasible

Baseline - high Avg. annual GSP

Continuation of improvements (with

. — 0
efficiency current household growth =2.75% today’s technology)
trends
Year 2050 pop. = Technically feasible
. 45 million; Avg. annual GSP . .

Minimum demand . ] -~ o improvements (with
Increasing PPH; growth = 1.05% today’s technology)
Decreasing %SFHH Y 8y

PPH = persons per household, %SFHH = percent single family households, GSP = Gross State Product,
DOF = California Department of Finance

*DOF (2004)

® Presumed maximum California population growth, from Landis and Reilly (2003)

¢ Assumes annual population growth rate = % of annual growth rate in Baseline demand

4 Efficiency assumptions were modified in some of the transportation scenarios.

The Baseline demand scenario continues near-term market and efficiency trends projected by the
CEC, assuming they persist through 2050. We do not postulate this as the most likely future for
California. But it provides a useful point of comparison to changes realized through alternatives
to current trends. The Minimum demand and Maximum demand cases represent a convergence
of presumed minima or maxima in each of the relevant parameters. For example, the Minimum
demand scenario captures the effects of slow population and economic growth along with
maximum feasible efficiency improvements. Conversely, Maximum demand combines the
greatest population and economic growth with minimum efficiency improvements. We
recognize that many parameters are likely coupled, and again, we do not suppose the likelihood



of these scenarios. But we believe that they reasonably bound future energy consumption,
barring major unforeseeable policy or social transformations.

Baseline - high efficiency and Baseline - low efficiency assume the same demographic and
economic parameters as Baseline demand, but vary the level of future efficiency improvements.
These two scenarios adopt the efficiency assumptions of Minimum demand and Maximum
demand scenarios, and illustrate the sensitivity of future energy demands to efficiency alone.

Three other scenarios, adapted from narrative descriptions developed by GBN, are quantified in
Appendix C.

3.3.2. Transportation fuel scenarios

We also develop five alternate scenarios for California transportation fuel demands through
2050. These are listed below:

*  Maximum demand

* Baseline — high demand
* Baseline demand

* Baseline — low demand
*  Minimum demand

As for the electricity and natural gas scenarios, Maximum demand and Minimum demand are
based upon a set of input assumptions that intend to place high and low bounds on future energy
consumption in the state. All of the scenarios use the same demographic and economic
assumptions as the electricity and natural gas scenarios.

However, unlike the electricity and natural gas scenarios, the moderate transportation fuel
scenarios (i.e., Baseline — high demand and Baseline — low demand) do not simply represent the
sensitivity of the Baseline demand scenario to efficiency assumptions (here, fuel economy).
Rather, they vary several important drivers compared to the baseline, only maintaining similar
demographic and economic assumptions (thus the total vehicles number of vehicles in each of
the three scenarios is the same).

One reason for this difference, relative to the electricity and natural gas scenarios, is that fuel
economy increases only slightly in the Baseline demand scenario (given that it is a continuation
of historical and projected near-term trends). Thus, it is difficult to reasonably bound Baseline
fuel demand based on efficiency alone. Baseline — high demand and Baseline — low demand still
attempt to bound energy demand for the demographic and economic assumptions in Baseline
demand, but vary parameters other than just efficiency to do so.

Table 6 summarizes the transportation fuel demand scenario assumptions used in our modeling,
which are described in greater detail in Section 7 below.



Table 6. Summary of transportation fuel demand scenario assumptions
Year 2050 VMT | Year 2050 fleet-avg.
Scenario Fleet characteristics per-capita fuel economy
Maximum demand 82 ml“?on vehicles in 2050; 12,376 23 mpg
Increasing truck share

. . 51 million vehicles in 2050;
Baseline — high demand Increasing truck share 12,916 24 mpg

. 51 million vehicles in 2050;
Baseline demand Constant truck share 10,833 26 mpg

. 51 million vehicles in 2050;
Baseline — low demand Decreasing truck share 8,434 32 mpg
Minimum demand 30 million vehicles in 2050; 5,583 49 mpg

Decreasing truck share




4. DEMOGRAPHICS AND ECONOMICS

4.1. Population

We project county-level population growth through 2050 for each of the demand scenarios.
Baseline demand, Baseline - low efficiency, and Baseline - high efficiency use county-level
population projections through 2050 developed by the California Department of Finance (DOF)
(DOF, 2004). Minimum demand assumes an annual population growth rate equal to half of that
in Baseline demand. Maximum demand assumes state population grows at a constant annual rate
of 1.45% and reaches 70 million in 2050, the high end of population growth forecasts by Landis
and Reilly (2003).

Figure 1 summarizes the state-wide population forecasts for each scenario. The Baseline
demand scenario forecasts about 55 million residents in 2050. In Maximum demand and
Minimum demand, year 2050 population is 70 million and about 45 million, respectively.

California population projections by scenario
75
— Maximum demand
60 -— Baseline demand
Minimum demand |
’(7,“ - - S
@ -
2 45 — ——
<
2
£ 30
=
o
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o
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Figure1 California population projections by demand scenario.

We assume the regional share of state population (by climate zone) remains constant throughout
the scenarios, as regional variability was found to have little effect on residential- and
commercial-sector energy consumption.

4.2. Households

Projections for the number of households are derived at the county level from the population
projections and historical county-level household characteristics from the DOF (2006). They are
illustrated in Figure 2. We project 18.2 million households state-wide in Baseline demand, 25.8
million in Maximum demand, and 13.1 million in Minimum demand.
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California household projections by scenario
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Figure 2  California household projections by demand scenario.

We project the number of two types of households — single-family (SFHH) and multi-family
(MFHH) — at the county level using scenario population forecasts and assumptions regarding the
percentage of population living in households, the number of persons-per-household (PPH), and
the percent of households that are single-family dwellings (% SFHH):

i Percent of pop. Percent of households
(Population) | & i households | that are single.- famil
No. SFHH= 3 iving in households /| that are single - family )
county Avg.# persons per household
. Percent of pop. Percent of households
(Populatlon o 1- ) )

living in households that are single - family

No. MFHH= % (2)
county Avg.# persons per household

Baseline demand uses the DOF population forecasts and assumes that the household
characteristics remain constant at year 2006 levels. Under these assumptions, 69% of new
houses are constructed as single-family dwellings, and the state-wide average PPH remains
essentially constant, at 2.96. Maximum demand and Minimum demand incorporate deviations
from current household trends that lead to greater or lesser energy consumption, respectively. In
the Maximum demand case, half of new homes (built after 2006) that are built as MFHH in
Baseline demand are built as SFHH (i.e., 85% percent of new homes are built as single-family
dwellings). The opposite is true for Minimum demand — half of new homes that are built as
SFHH in Baseline demand are built as MFHH (i.e., 35% of new homes are built as single-family
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dwellings). Under these assumptions, the share of SFHH in 2050 reaches 77.3% in Maximum
demand and 63.0% in Minimum demand.

The number of persons per household varies by scenario, as well, amplifying the differences in
number of households beyond population variations. In Maximum demand, county-level PPH
trends linearly to 2.65 in 2050, equal to the lowest current-year value among counties with a
population above the state-wide median county population (Sacramento County). County-level
PPH trends linearly to 3.33 in 2050 in Minimum demand, equal to the highest current-year value
among counties above the median population (San Bernardino county). County-level PPH stays
constant in Baseline demand, leading to a state-wide average of 2.96 in 2050.

The county-level percent of population living in households is held constant at year 2006 levels
in each scenario.

The variation in household characteristics by scenario is described in Table 7.

Table 7. California household projections and assumptions by scenario.
Baseline demand
Maximum Baseline - low efficiency Minimum
demand Baseline - high efficiency demand

Population (millions)

2025 48.79 (33%) 45.93 (26%) 40.99 (12%)

2050 70.00 (92%) 54.78 (50%) 44.77 (22%)
Percent single-family households (% SFHH)

2025 73.1% (6%) 69.0% (0%) 65.7% (-5%)

2050 77.3% (12%) 69.0% (0%) 63.0% (-9%)
Avg. persons-per household (PPH)

2025 2.83 (-4%) 2.96 (0%) 3.12 (5%)

2050 2.65 (-10%) 2.96 (0%) 3.33 (13%)
Single-family households (millions)

2025 12.35 (48%) 10.67 (28%) 8.44 (1%)

2050 19.92 (138%) 12.93 (55%) 8.27 (-1%)
Multi-family households (millions)

2025 4.56 (20%) 4.61 (21%) 4.44 (16%)

2050 5.85 (54%) 5.26 (38%) 4.87 (28%)

* Values in parentheses show the percent increase compared to 2005.

4.3. Gross State Product

Forecasts of California Gross State Product (GSP) by demand scenario are illustrated in Figure 3.
The Baseline demand scenario assumes an average annual growth rate of 2.75%, equal to the
annual average from 1990-2003 (CEC, 2005b), increasing GSP to about $5 trillion in 2050.
Maximum demand projects an average annual growth rate of 3.73%, equal to the annual average
projected through 2016 in IEPR2005, and leading to a year 2050 GSP of $7.7 trillion. And in the
Minimum demand scenario, GSP is projected to grow at an average annual rate of 1.05%, to $2.3
trillion in 2050.
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Gross State Product (GSP) projections by scenario
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Figure 3  California GSP projections by scenario.

We developed high and low per-capita GSP growth rates based on the Baseline demand scenario,
and applied them to the scenario population projections to project GSP for Maximum demand
and Minimum demand according to the following equation:

GSPer = (GSP per - capita )year_1 (1 + GSP per - capita growth rate )y (Population)ym 3)

ear

Table 8 summarizes the assumptions used in the GSP forecasts.

Table 8. GSP projections and assumptions by scenario.
Baseline demand
Maximum Baseline - low efficiency Minimum
demand Baseline - high efficiency demand

Avg. annual GSP growth rate 3.73% 2.75% 1.05%
Avg. annual per-capita GSP 295% 1.83% 0.59%
growth rate
Avg. annual pop. growth rate 1.45% 0.90% 0.45%
Population (millions)

2025 48.79 (33%) 45.93 (26%) 40.99 (12%)

2050 70.00 (92%) 54.78 (50%) 44.77 (22%)
GSP (billion 20008)

2025 $3,050 (107%) $2,531 (72%) $1,768 (20%)

2050 $7,683 (422%) $4,987 (239%) $2,349 (160%)

* Values in parentheses show the percent increase compared to 2005.

13



4.4. Commercial floorspace

Building floorspace serves as the primary driver for commercial sector energy use. Figure 4
summarizes California commercial floorspace projections by scenario. Commercial floorspace
is projected to reach 10,149 million ft* state-wide in 2050 in Baseline demand, and 12,969
million ft* and 8,295 million ft* in Maximum demand and Minimum demand, respectively.

Commercial floorspace projections by scenario
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Figure 4  California commercial floorspace projections by scenario.

We project floorspace for 12 building types in the seven electricity planning areas. Baseline
demand adopts the methods used by the CEC in the IEPR projections (CEC, 2005b), adding the
average of annual floorspace additions from 1990-2013 to 99.5% of previous year floorspace
(assumes a 0.5% decay rate). Note that for Baseline demand, floorspace is not explicitly tied to
population growth.

In the alternate scenarios, we scale Baseline demand floorspace by state population, as historical
floorspace is highly correlated with population (0.998 from 1980-2003). Regional fractions of
state floorspace remain constant in each scenario, as population is assumed to occur in the same
relative distribution among scenarios (as described in Section 4.1).

4.5. Industrial shipments

The primary driver used for modeling energy use in the industrial sector is the value of industrial
shipments, which reflects the value of production in an industry. Forecasts for state-wide
industrial shipments are illustrated in Figure 5 for each scenario. Our methods, described below,
lead to a wide variation in shipment projections across scenarios. Shipments in Baseline demand
increase from $589 billion in 2005 to $1,914 billion in 2050 (in constant 2001%). Maximum
demand sees a dramatic increase in shipments to $3,561 billion in 2050, while Minimum demand
sees only a very modest increase, to $726 billion in 2050.
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Industrial shipment projections by scenario
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Figure 5 California industrial shipment projections by scenario.

We project shipments in the seven electricity planning areas for 33 industrial sub-sectors
according to the Standard Industrial Classification (SIC) coding system.* Year 2005 shipments,
as projected in IEPR2003, provides the base-year data, and we use average annual growth rates
projected for 2003-2016 in IEPR2005 (CEC, 2005b) to project forward.® Shipments are
allocated regionally according to extrapolated regional projections from IEPR2003 (as projected
in the AEP Baseline Scenario Report), and regional fractions of state-wide shipments are held
constant across scenarios.

Baseline demand shipments reflect a continuation of the projected annual growth rates from
IEPR2005. Minimum demand and Maximum demand scale from these projections according to
scenario GSP and shipment fraction of GSP (SFGSP). Specifically, shipments in a given year
for a particular SIC code are calculated for an alternate scenario as follows:

It.scenario ( 4)

. . GSP,,..naio | Shipment fraction of GSP,
Shipments,j scenario = (Shlpmentsbaseline o Fraction of
shipment fraction of GSP,

GSP,

Baseline aseline

The variation of SFGSP in these alternate scenarios amplifies the difference in shipments beyond
scenario differences in GSP, and accounts for shifts in the economy towards, or away from, the
industrial sector. In Baseline demand, SFGSP varies between 36.87% and 38.86%, and is equal
to 37.27% in 2050. Maximum demand has shipments trending to 45% of GSP by 2050, while
industrial shipments decline to 30% of GSP in 2050 in Minimum demand.

* A new coding system, the North American Industry Classification System (NAICS), has replaced the SIC. We project energy
use according to SIC code due to the availability of industrial sector energy consumption data in that format.
5 Data categorized by NAICS code in IEPR2005 was mapped to SIC code for use in the projections according to USCB (2001).
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5. ELECTRICITY PROJECTIONS

Electricity is one of the critical areas for California’s energy system. Disruptions to California’s
electricity sector led to rolling blackouts and price escalation in 2000 and 2001. Adequate
planning is critical because electricity must be generated and distributed to the point of use at the
exact time of use. Especially during summer months, electricity demand can become volatile
with large swings in demand due to weather events.

Electricity projections are disaggregated by sector (residential, commercial, industrial,
agricultural, and other), region (see Table 3), and temporally (hourly). The projections are based
upon trends in sector energy intensities, which are scaled to total electricity use by multiplying
by relevant demographic and economic parameters described in Section (). Table 9 describes the
variables used in the electricity demand projections and the level of disaggregation for each
sector.

Table 9. Level of disaggregation and variables used in electricity demand projections.
Regional Other
Sector disaggregation disaggregation Activity variables Sources
Quantum (2006)
. . Climate zone (14) End use (18) 'End use saturation DO.F (2004.)
Residential Planning areas (7) | Household type (2) Unit energy consumption| Landis & Reilly
& yP Households (2003)
DOF (2006)
CEC (2003a)
Commercial| Planning areas (7) Bu]ialfili(iluste (LO()I 2) Enle:rloorisnpta;flzi ¢ CEC (2005¢)
£ yp gy Y USGBC (2005)
. . CEC (2003a)
Industrial Planning areas (7) | Iﬁu?usérlal (33) E eSh1prin<:2ts it KEMA, 2006
classification nergy intensity EIA, 2006
. ) a Industrial
Agricultural| Planning areas (8) classification (4) Scaled by GSP CEC (2003a)
. Industrial .
Other Planning areas (7) classification (19) Scaled by population CEC (2003a)

* An eighth electricity planning area, the Department of Water Resources, is defined only for the agricultural sector.

The input data from the IEPR electricity projections extend to 2016 for the residential sector and
2013 for the other sectors. Electricity demand is calculated for each sector, as the sum of
disaggregated consumption in terms of end uses, building types, and/or industrial classification.
Projections to 2050 are made at the disaggregated level by extending trends in specific industrial
size or share, share or saturation of end use, and energy intensity within the subgroups. These
projected trends are multiplied by projected activity to determine total energy use for the sector.

5.1. Summary
State-wide electricity demand projections through 2050 are illustrated in Figure 6 for each

scenario. In Baseline demand, California electricity consumption increases from 271 TWh in
2005 to 421 TWh in 2050. In Maximum demand, ye