
The California Energy Commission
(CEC) and California Public Utilities
Commission (CPUC) point to Califor-
nia’s historical record in saving energy (see
Figure 1), coupled with its current stable
per capita electricity use relative to the bal-
ance of the United States (see Figure 2), as
proof that it is up to this formidable chal-
lenge:“Because of its energy efficiency
standards and program investments, elec-
tricity use per person in California has

remained relatively stable over the past 30
years, while nationwide electricity use has
increased by almost 50 percent.”2

The CEC and CPUC take credit for
saving, on a cumulative statewide basis
from 1975 to 2003, about 40,000 GWh,
or the equivalent of 15 percent of annual
electricity use, through a  combination of
utility EE programs and appliance and
building standards (see Figure 2 ).3 Figure
2 illustrates the trend in average per capi-

ta total consumption in California and
the U.S. between 1960 and 2005.4 Until
the mid-1970s, total electricity use in
California and the United States
increased at about the same rate. After
that, California’s usage leveled off, while
usage in the United States as a whole 
continued to increase. 5

California is Different
California’s GHG-reduction policy
appears in large part premised on the
state already having achieved a strong
and direct “cause and effect” between
energy savings (utility EE programs and
building and appliance standards) and
energy consumption. As noted above,
several documents highlight the role of
EE savings in accounting for the differ-
ent consumption trends evident in Cali-
fornia and the rest of the United States. 

When we started this project two
years ago, we could find no studies that
demonstrated the strength of the rela-
tionship between EE savings and con-
sumption in California. Since then,
some analyses have been undertaken,
but, as yet, there has been no analysis
that models consumption in California
by looking at the specific contribution 
of changes in the level of EE savings to
changes in consumption via multiple
regression. Our own attempts to under-
take such an analysis, while preliminary
(and the best we felt it worthwhile to do
given the limitations of the available
data) showed that annual changes in the
level of EE savings were not associated
highly with changes in per capita elec-
tricity consumption. Even when many
outliers were excluded, simple linear
regression showed that the relationship
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In 2005, California’s energy policymakers and regulators established energy effi-
ciency (EE) as California’s highest priority resource for meeting future needs in a
clean, reliable, and low-cost manner.1 In 2006, the California legislature and gov-

ernor positioned energy conservation and efficiency as the cornerstone of the state’s
Global Warming Solutions Act. The Act mandates a 2020 statewide limit on green-
house gas (GHG) emissions to 1990 levels. Compliance will be nothing short of
Herculean: California will have to reduce per capita energy usage in a manner that
accommodates continued brisk population growth and protects the state’s economy
from economic dislocations and recessionary pressures.
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between these two variables was less
than 20 percent. In addition, the EE
savings variable was not significant
within any of the multiple regression
models. A major issue we encountered
was that on a per capita basis, annual
changes in the level of EE savings, were
small in relation to the changes in
annual electricity consumption. While
fully controlling for all other factors that
contribute to annual fluctuations in the
level of electricity consumption may
have allowed us to identify the role of
EE savings, we were able to control only
for about half of the annual variation in
consumption and did not succeed in
specifying the role of EE savings.6

While we have no doubt that EE
programs have contributed to the rela-
tively stable 7 pattern of per capita elec-
tricity consumption in California, we
were interested to see whether there were
other factors that distinguish California
from the rest of the country that also
should be taken into account when
explaining the divergence in consump-
tion. We found that California is differ-
ent from the rest of the United States 
in several other aspects (i.e., in addition
to the scope of its EE programs) that
could help account for some of the dif-
ference in consumption trends. These
are: the price of residential electricity;
climate; household size; housing mix;
conservation ethic; and the structure of
the economy.

In addition to savings from EE pro-
grams, building codes and appliance
standards could help account for the dif-
ferent consumption trends evident in
California and the rest of the United
States over the past 30 years.

! Electricity Prices: In California, as
elsewhere, there is a predictable relation-
ship between electricity prices and the
annual variation in residential per capita
electricity consumption. On an annual
basis, increases in the price of residential
electricity are associated with decreases
in consumption (see Figure 3). For every

one mil increase in the price of residen-
tial electricity in California, per capita
consumption declines by about 6 kWh
per capita.8 The data points lie relatively
well clustered about the line, with price
changes explaining about 40 percent of
the annual variability in per capita con-
sumption. These findings are in keeping
with the national data on residential
energy prices and residential per capita
consumption that we analyzed: Those
states with higher energy prices have
lower per capita consumption and vice
versa (see Figure 4).9

Electricity prices in California are

higher than those in the United States as
a whole, and the difference in price has
become more marked over the past thir-
ty-five years. In 1970, the price of resi-
dential electricity in California was
0.0809 cents per kWh, only a little high-
er than the U.S. average of 0.0806
cents/kWh. By 2005, the price had risen 
by 37 percent in California, to 0.1109
cents/kWh. In the United States as a
whole, however, it had risen by just 4
percent, with the 2005 price, at 0.0838
cents/kWh, substantially lower than in
California.10

If there is a planetary imperative to
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reduce overall energy consumption, and
California’s marked departure in histori-
cal per capita consumption trend in 
relation to the balance of the United
States is in large part, energy price
induced, one might ask, why not just
raise energy prices further? California
energy policymakers and regulators dis-
cuss EE as the one component of the
state’s aggressive GHG-emissions reduc-
tion policy that will keep money in state
and local economies, while all of the
other GHG-reduction strategies will be
expensive. In other words, California
needs moderate energy prices to help
keep the economy going.11

! Climate: Not surprisingly, the
weather also is a strong driver of per
capita electricity use. We conducted an
analysis of the relationship between the

number of cooling degree days (CDDs)
in California against per capita residen-
tial electricity consumption.12 This
analysis showed that years with higher
numbers of CDDs, are associated with
higher levels of per capita electricity con-
sumption (see Figure 5.). This is in large
part due to the electricity demands of air
conditioners in years with warm summers. 

We also found that California tends
to experience fewer CDDs than the
United States as a whole. The state’s rela-
tively moderate climate greatly affects
the amount of residential electricity that
is used for space cooling in the summer.
Heating is less of an issue because of the
dominance of gas heating in the state. 
A good summary measure of the differ-
ence between California and the United
States as regards climate is the annual
number of CDDs each experience. For
the period between 1975 and 2005,
California had an average of 932 CDDs
annually. This is substantially less than
the U.S. average of 1,274 CDDs, and
represents an average difference of 342
CDDs, or 27 percent fewer.13 While
there is limited evidence of a divergence
between California and the United
States in terms of the number of CDDs
over the past 30 years, it is likely that
part of the reason for California’s rela-
tively low per capita residential electric-
ity consumption is due to the state’s
lower average number of CDDs. Cali-
fornia’s relatively mild climate means
that the demand for air conditioning is
likely to have increased less than in the
United States as a whole, despite the 
rising income levels in the state.

! Household Size: In explaining
the overall trend in consumption, we
need to assess the impact of variables
such as household size and housing mix.
In California, use per household has
increased more than electricity use per
capita since the introduction of EE pro-
grams. California households are larger
than average for the United States: In
2006, they contained an average of 2.93
persons compared to 2.61 persons in 
the United States as a whole.14

Household size is important because
while each additional person in a house-
hold adds to household consumption,
they do so by a declining amount.15 Fur-
thermore, in California, household size
has increased since 1980, when there
was an average of 2.68 persons per »

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

500 600 700 800 900 1000 1100 1200 1300

Number of Cooling Degree Days 

Pe
r c

ap
ita

 c
on

su
m

pt
io

n 
of

 re
si

de
nt

ia
l e

le
ct

ric
ity

 (k
W

h/
ye

ar
)  

 

Linear (Per Capita Consumption versus CDD)

PER CAPITA RESIDENTIAL ELECTRICITY USE VS. NUMBER OF
COOLING DEGREE DAYS: CALIFORNIA, 1970-2005

FIG. 5

Source: Energy Econom
ics Inc.

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

5,500

6,000

6,500

7,000

AL TN LA M
S

W
V GA OK TX ID DE M
D NE SD KS OH IA M
N CN VT NH M
I

   
  D

C

NMM
A HI CA

kW
h/

Yr
 p

er
 c

ap
ita

 

4

6

8

10

12

14

16

18

20

ce
nt

s/
kW

h

Per capita consumption   
Price 2004      
Linear (Price 2004)    

PER CAPITA RESIDENTIAL ELECTRICITY CONSUMPTION AND
PRICE OF RESIDENTIAL ELECTRICITY: 2004 BY STATE

FIG. 4

Source: Energy Econom
ics Inc.

Changes in energy-
efficiency savings
were small compared
to changes in 
California’s electricity 
consumption.



54 PUBLIC UTILITIES FORTNIGHTLY MARCH 2009 www.fortnightly.com

household. This is in contrast to the pat-
tern in the United States as a whole,
which has seen household size decline
over the same period: In 1980 the aver-
age U.S. household size was 2.75, a little
higher than for California, whereas by
2006 this figure had fallen to 2.61.
Given that larger households consume
less electricity per person than do
smaller households, these trends in
household size may have contributed to
the divergence between California and
the United States in terms of residential
electricity consumption.16

! Housing Mix: California has
become more highly urbanized with
multi-family and attached housing
accounting for 39 percent of total units
in 2000, compared to an average of 31
percent in the rest of the United States.17

In addition, the state has diverged from

the rest of the United States in this
respect: Since 1970 the proportion of
total units accounted for by multi-fam-
ily and attached housing has increased in
California (from 33 percent to 39 per-
cent) whereas in the rest of the country
it has remained stable. Housing mix is

important to understanding per capita
consumption of electricity because
multi-family and attached housing units
generally use less energy than detached
structures due to the insulating effects of
multiple units.

! California’s Conservation Ethic:
While we found that annual changes in
savings from EE programs do not well
predict changes in per capita consump-
tion of electricity in California, the
state’s focus on EE and conservation
issues, along with the impact of price
differentials, may have helped to create a
“conservation ethic.” Data from the
2001 Residential Energy Consumption
Survey (RECS) show that California
households are more likely than those in
the United States overall to report that
they lower their winter temperature set-
tings when no one is at home or during
sleeping hours. For example, almost 60
percent of California households
reported lowering their winter tempera-
ture settings when no one is at home or
during sleeping hours, compared to less
than 45 percent of all U.S. households.18

While this does not contribute signifi-
cantly to reduced electricity usage, it is
in keeping with other data that support
the idea of a California “conservation
ethic.” For example, in California a
smaller proportion of households report
using electricity for heating water and
cooking, and fewer households have
electric dryers for clothing and a freezer
separate from their refrigerator, than is
the case nationally.19 These findings
likely reflect the state’s efforts with
regard to EE and the promotion of
energy conservation. 

Industrial Shift
One of the factors that can influence a
state’s consumption of energy is the type
of industries that dominate the econ-
omy. The manufacturing sector is sec-
ond only to transportation in terms of
its share of total energy consumed
nationally, and so can heavily influence »
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overall consumption levels. Thus, the
mix of industries in California is likely
to be a contributing factor to the state’s
relatively stable electricity consumption
trend. Our analysis indicates that the
manufacturing sector has contributed
both to the relatively low levels of per
capita consumption of electricity in 
California, and the divergence between
trends in consumption in the state and
those in the rest of the United States.
The California manufacturing economy
is more heavily dominated by non-
energy-intensive industries than is the
case nationally, and between 1990 and
2005, employment in energy-intensive
industries declined more in California
than was the case for the rest of the
United States. 

In California, energy-intensive man-
ufacturing industries 20 accounted for
about 20 percent of total manufacturing
employment in 2005 compared to 26
percent in the rest of the United States. 21

In terms of trends over time, in Califor-
nia, energy-intensive manufacturing
industries have shown greater reductions
in employment than is the case for the
rest of the United States. Between 1990
and 2005, employment in the groups of
industries characterized by high energy
use fell by 20 percent in California com-
pared to 16 percent in the rest of the
United States. This helps explain the
divergence between California and the
rest of the country in terms of overall
energy consumption per capita. Trends
within the primary metal industries pro-
vided additional evidence to suggest that
employment in the specific industries
that are particularly energy intensive
declined to a greater extent in California
than nationally. In California, the num-
ber of employees in the energy-intensive
aluminum industry declined by 40 per-
cent compared to 31 percent in the rest
of the United States. Conversely,
employment in the less energy-intensive
pharmaceutical industry (a sub-industry
within the chemicals group) grew more

rapidly in California than nationally (by
81 percent compared to 34 percent). In
addition, the energy intensity of one of
California’s most important industries,
computer and electronic product manu-
facturing (which accounts for over one-
fifth of both manufacturing
employment and manufacturing value
added in the state, compared to 10 per-
cent nationally), has declined substan-
tially over the past 20 years. Not only is
this industry a relatively low user of
energy, but its use of energy per $ value
added  also has declined.22

This analysis indicates that the man-
ufacturing sector has contributed both
to the relatively low levels of per capita
consumption of electricity in California
and the divergence between trends in
consumption in the state and those in
the rest of the United States. The Cali-
fornia manufacturing economy is more
heavily dominated by non-energy inten-
sive industries than is the case nationally,
and between 1990 and 2005 employ-
ment in energy-intensive industries
declined more in California than was
the case for the rest of the United States. 

Energy-Efficiency Savings 
Interestingly, our per capita analysis pro-
vides additional insight to our earlier sep-
arate analysis concerning the utility EE
program savings portion of California’s
cumulative energy savings (see Figure

2).23 If utility program EE savings are
most likely less robust than historically
characterized, then it makes sense that
California’s historical EE savings (see 
Figure 1) cannot fully account for 
California’s per capita consumption (see
Figure 2). 

Since the late 1980s, California’s util-
ity EE programs have contributed to
only a modest growth in new or incre-
mental savings;24 building and appliance
standards apparently register the lion’s
share of continued EE savings growth.25

This is illustrated per Figure 6, which
reorders or restacks the CEC’s estimate
of California’s historical cumulative EE
savings shown in Figure 1, so that the
utility EE program savings are layered in
first, followed by building and appliance
standard savings.26

This is in part because the utilities
have relied on EE measures that are
short-lived, such as compact fluorescent
lamps, (or CFLs). In essence what this
means is the California utilities are
treading water when it comes to grow-
ing cumulative long-term EE savings.27

The historical California utility EE
program savings data used by the CEC
in its DSM forecasting model is as
reported by the utilities on an ex ante
basis—or prior to measurement and ver-
ification. Recent preliminary independ-
ent analysis of the California utilities’
2006 and 2007 reported EE accom-
plishments indicate the utilities’ claimed
savings to be off or high by a significant
amount.28

Not until 1989 were utility-reported
savings adjusted for free ridership or net-
to-gross (NTG) ratios. In response to
the possible argument that via spillover
(or “free drivers”), the California utilities
have caused much greater levels of EE
than reflected in Figure 1, it is impor-
tant to note two important facts: The
current NTG ratios were in fact derived
by the California utilities; and the cur-
rent NTG values include the effects of
free ridership and both participant »

Energy-intensive
industries in 
California have
shown greater
reductions in
employment than
in the rest of the
United States.



58 PUBLIC UTILITIES FORTNIGHTLY MARCH 2009 www.fortnightly.com

and nonparticipant spillover.29

From 1989 through 1999, some
billing analysis also was used to adjust
reported savings on an ex post basis.
Since that time, the EE savings data has
reverted to utility-reported ex ante sav-
ings. Also, for the first decade of run-up
in claimed EE savings from zero to close
to 15,000 GWh, the utility EE pro-
grams largely were home audits and edu-
cation and information programs, with
the first cash rebate given in 1982. Thus,
to represent those EE savings as equiva-
lent “steel in the ground” supply-side
resources is extremely far-fetched. Fur-
ther, about 10 percent of the generation
and capacity savings are ascribed to util-
ity T&D conservation voltage reduction
implemented from 1975 through 1980.
Such utility-system efficiency savings,
while beneficial, are not generally classi-
fied as consumer EE. 

If the current trend continues (from
2006 through 2008) in utility EE sav-
ings as forecasted by the utilities, there
will be little if any new or incremental
utility EE savings towards the CPUC’s
aggressive EE saving targets. That trend
can be seen in the forecast of California’s
cumulative utility EE program savings
from 2004 to 2013, based on PG&E,
SCE, and SDG&E’s forecast of 2006
through 2008 EE portfolio savings (see
Figure 7).30 To develop this forecast, a
weighted average EE measure (energy
useful life) EUL of 7.1 years was used,
calculated from the IOUs’ forecasts of
the mix of EE measures in their 2006
through 2008 EE portfolios. By 2013
there will be little if any gains in new or
incremental GWh savings.31 (See Fig. 7)

Restarting Growth
Over the past 20 years, there has been a
strong divergence between California
and the United States with regard to per
capita electricity consumption. This
divergence has been attributed to Cali-
fornia’s ambitious and far-reaching EE
programs and standards. However, this

school of thought fails to address the fact
that California is different from the rest
of the United States in multiple
respects—many of which influence elec-
tricity consumption. To isolate one par-
ticular difference between California and
the United States (EE savings) and
attribute the divergence in per capita use
to this one factor, is likely to overstate the
impact or import of that variable. While
EE programs and standards undoubtedly
have contributed to the relatively stable
pattern of per capita electricity consump-
tion in California, our analysis found a
relatively weak association between Cali-
fornia’s EE savings and per capita con-
sumption. Rather, these savings have
been achieved within a specific socioeco-
nomic context that also acted on electric-
ity consumption trends.

A number of factors distinguish Cali-
fornia from the rest of the United States,
and may have contributed to keeping the
state’s electricity consumption relatively
stable. Understanding the role of these
factors, as well as savings from EE pro-
grams and standards, will allow for a bet-
ter assessment of the extent to which the
California model successfully can be
transplanted to other states, regions, or
countries. Although the California
model may offer lessons for other states
or countries, its applicability to meeting
global warming targets is limited at best,
since what’s necessary are sustained
absolute reductions in energy consump-
tion, something not observed in the state
of California as a whole or anywhere else. 

Slow growth in California’s per capita
electricity consumption over the past
several decades combined with popula-
tion growth equals significant (~2 per-
cent p.a.) growth in total electricity
consumption for the state. This is the
variable that must be tracked—and
reversed. 
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