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Source: Stabilization Wedges: Pacala and Socolow, Science Vol 305, page 968

Growth = 1.5%/yr



United States Refrigerator Use v. Time
Annual drop from 1974 to 2001 = 5% per year
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United States Refrigerator Use v. Time
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Electricity Use of Refrigerators and Freezers in the US compared to 
Generation from Nuclear, Hydro, Renewables and ANWR
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The Value of Energy Saved and Produced
(production @ .03 and savings @ .085 $/kWh)

0

5

10

15

20

25

B
ill

io
n 

$ 
pe

r y
ea

r

Energy Saved from
150 M Refrig/Freezers
at 2001 efficiency

Nuclear

Conventional 
Hydro

Existing 
Renewables

ANWR @10,000 
Btu/kWh

100 Million Rooftop 
PV System @ 1kW

Arthur Rosenfeld, page 6
Efficiency
Energy for the Future



Impact of Standards on Efficiency of 3 Appliances

20

30

40

50

60

70

80

90

100

110

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Year

In
de

x 
(1

97
2 

= 
10

0)

Effective Dates of 
National Standards

=

Effective Dates of 
State Standards

=

Refrigerators

Central A/C

Gas Furnaces

EER = 13

Arthur Rosenfeld, page 7
Efficiency
Energy for the Future

Source: S. Nadel, ACEEE,

in ECEEE 2003 Summer Study, www.eceee.org
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Annual Usage of Air Conditioning in New Homes in California
Annual drop averages 4% per year
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Source: CEC Demand Analysis Office



After Saturation (16 years)
Impact of Standards on Residential Central A/C 

and Roof Top A/C Units in the United States
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Motor Vehicle Efficiency -- United States Totals
Source: EIA, Monthly Energy Review, Table 1.9
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Total Electricity Use,  per capita, 1960 - 2001
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Per Capita Electricity Consumption
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Costs and Pollution saved by avoiding 
a 50% expansion of Calif. Electric system.

Avoiding half of Calif electricity avoids 18 M tons/year of 
Carbon, equivalent the getting 12 million cars off the road, 
along with their NOx, CO, and particulate emissions.  But 
Calif has only ~25 M motor vehicles, so we’ve avoided 
50% more equivalent pollution.   The Pavley bill, starting 
in model year ’09, should start to reduce another 30%.  

Calif annual electric bill in 2004 ~ $32 B, so we’ve 
avoided ~$16 B of bills, but net saving is only ~$12B/year, 
i.e. $1000/family. Compare this with the $15B Mar.2004 
multi-year bond issue to cover the deficit.
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GWH Impacts from Programs Begun Prior to 2001
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The 2% Public Goods Charge (PGC) has grown to 2½% of 
our electricity bill.

$M/yr
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Current PGC
– Energy Efficiency (yellow wedge, previous slide) includes 

rebates, technical assistance, standards support (training code 
officials), …

– Renewable Portfolio Standard (RPS) for wind, geothermal, PV
• Renewables currently 12% of CA. electricity
• Will increase 1% per year to 20%

– R&D: 50% spent to improve end-use efficiency and 50% for air 
quality and environmental issues

– Low Income Assistance
2003 Total

New Energy Efficiency acquisition thru Integrated Resource Planning
(whenever efficiency is cheaper than supply)

2004 Total

Note: California retail electric bill is ~ $30 billion/year.  PGC adds 2% to 
retail bills.  With new $ 140 million, this increases to 2.5% per year
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Electricity Efficiency and Renewables in California
Goals of California Energy Action Plan 2003

California kWh per capita is already flat compared to U.S. climbing 2%/yr.
New California goal is to reduce kWh per capita by 1/2% to  1% each year
Renewable Portfolio Standard: add 1% of renewables per year
Additional peak reduction of 1% per year by Demand Response when power 
is expensive or reliability is a problem
Some recent initiatives:
– Green (commercial) Buildings Initiative: to accelerate building 

efficiency gain by 1% per year
– Million Solar Homes Initiative (mainly for new homes): to couple super-

efficient homes with photovoltaics (PVs)

In total, goals aim to reduce electricity growth, increase renewables, and 
grow demand response
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United States Refrigerator Use (Actual) and 
Estimated Household Standby Use v. Time
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2/3 of 2030 Coal Plants not yet Built
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Renewable Electricity Used To ....
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When can Hydrogen Cars
Help Fight Global Warming?

After “CO2 emissions from electricity generation are virtually 
eliminated….” (Science, 7/03)
After “there is a surplus of renewable electricity.”

(UK Study, 1/03)

Science Special Issue on H2, 13 Aug 2004.  “Not so simple” (p. 957), 
The Hydrogen Backlash (p.958)
Specifically, Hybrid Cars Now, Fuel Cells Later by Nurettin
Demirdoven & John Deutsch, 

“…fuel cell vehicles using hydrogen from fossil fuels offer no 
significant advantage over hybrids operating in an urban drive 
cycle.  We conclude that priority should be placed on hybrids by
industry and governments.”
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Petroleum Dependence -- Transportation 

The Pavley Report recommends reducing emissions by 30% starting 
in 2009, thus achieving a 17% overall reduction by 2020
Reducing rolling resistance of replacement tires
– Require tires to be of same quality as new tires
– Savings ~ 3% in fuel economy

Pay-as-you-drive auto insurance
– Insurance and gasoline each cost ~ $1,000/year but gasoline is 

perceived as variable cost; insurance as sunk cost
– Savings not yet estimated
– Favored by low income and environmental groups

White roofs on state auto fleets
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Illuminating Space vs. the Street
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Temperature Trends 
in Downtown Los Angeles 

Arthur Rosenfeld, page 24
Efficiency
Energy for the Future

From Orchards to Blacktops

40

39

38

37

1880 1900 1920 1940 1960 1980
Year

105

104

103

102

101

100

99

98

97

Eruption of Krakatau,
August 27, 1883

Slo
pe

 =
 (6

 F
/5

0 
yr

)/(
3.

3 
C/5

0 
yr

)

= 
(1

 F
/8

 y
r)/

(1
 C

/1
4 

yr
)

F C

Annual
High

Temperature



Cool Communities
The most lucrative way to:
– Save air conditioning
– Cool cities
– Reduce Urban Ozone

Involves 3 strategies:
– White roofs (5,000 yr old idea) and cool colored roofs ( a new 

idea)
– Cooler pavements (concrete colored to avoid glare)
– Shade trees (shade buildings and cool by evapo-transpiration)

CEC spent $10 Million for white “re-roofs” and offers credits for cool 
roofs in meeting new building standards
Benefits can be substantial:
– In LA Basin, 3 strategies can save 1,500 MW and $ 200 million 

per year in A/C; Cool LA by 3-4 degrees Celsius; and reduce 
ozone by 4 – 8 %, worth another $ 250 million per year in reduced 
sickness and sick leave
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Relationship: Heat Islands and Global Warming

The Los Angeles heat island is growing 1 deg. F 
every 8 years.   Global Warming at temperate 
latitudes, IF WE LEVEL OFF AT 550 PPM CO2, 
might be 1 F/14 years, but could be 1 F/decade.
Heat storms add to urban heat islands.                   
15,000 deaths in France in summer 2003.
White roofs on buildings and cars directly cool 
Earth, as contrasted w/ removing CO2. 
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California Cool Roof Policies
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Annual Public Goods-funded Utility programs of $2 to $3 
M/year, offer rebates of ~10 cents/sqft.
2005 Building Standards for flat roofs: White is required.
2008 Building Standards for sloped roofs: Cool required 
(any color).
Most buses have white roofs
White cars should be bought for public and private fleets
R&D
– Cool Colored Roofs, including cars (recommended in 

Pavley Report) to reduce emissions by 30%
– Service Life of Cooler Roofs

Adding Cool communities to State Implementation Plans is 
frustratingly slow
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Source: Hashem Akbari, LBNL
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Source: Hashem Akbari, LBNL
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Source: Hashem Akbari, LBNL
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Energy Intensity in the United States
 Energy Consumption Per $ of Gross Domestic Product 1949-2001
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Energy Intensity By Geographic Region 1980 to 2001
 (Btus/$US 1995) from EIA data
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Source: Stabilization Wedges: Pacala and Socolow, Science Vol 305, page 968

Growth = 1.5%/yr



Stabilization Wedges: Pacala and Socolow
Science Vol 305, page 968

Efficiency and Conservation
– Efficient Vehicles
– Reduced Use of Vehicles
– Efficient Buildings
– Efficient Coal Power Plants

Fuel Shifting
– Natural Gas for Coal
– Nuclear Power for Coal

CO2 Capture and Storage (CCS)
– At Power Plants
– At Hydrogen Plants
– At Coal to Synfuel Plants

Renewable Electricity and Fuels
– Wind Power for Coal
– Photovoltaics for Coal
– Wind Power for H2 
– Biomass for fossil fuel

Forests and Agriculture
– Reduce Deforestation and 

Reforest
– Conservation tillage
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Available Reports/Program Details

Electric Industry – CPUC Information and Programs
http://www.cpuc.ca.gov/static/industry/electric
CEC’s Integrated Energy Policy Report 
http://www.energy.ca.gov/energypolicy/index.html
State of California Energy Action Plan 
http://www.energy.ca.gov/2003_energy_action_plan/index.html
CEC’s Renewables Program 
http://www.energy.ca.gov/renewables/index.html
CEC’s Public Interest Energy Research 
http://www.energy.ca.gov/research/index.html
CEC’s Energy Efficiency Rebates and Demand Reduction 
http://www.consumerenergycenter.org/rebate/index.php
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