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New Physical Supply = 25 Q

Avoided Supply = 70 Quads in 2005

If E/GDP had dropped 0.4% per year

Actual (E/GDP drops 2.1% per year)

70 Quads per year saved or avoided 
corresponds to 1 Billion cars off the 
road

Energy Use in the US (1949 – 2005)



How Much of The Savings Come 
from Efficiency?

• Easiest to tease out is cars
– In the early 1970s, only 14 miles per gallons
– Now about 21 miles per gallon
– If still at 14 mpg, we’d consume 75 billion gallons more and

pay $225 Billion more at 2006 prices
– But we still pay $450 Billion per year
– If California wins the “Schwarzenegger-Pavley” suit, and it is 

implemented nationwide, we’ll save another $150 Billion per 
year

• Commercial Aviation improvements save another $50
Billion per year 

• Appliances and Buildings are more complex
– We must sort out true efficiency gains vs. structural changes 

(from smokestack to service economy). 



How Much of The Savings Come from 
Efficiency (cont’d)?

• Some examples of estimated savings in 2006 based 
on 1974 efficiencies minus 2006 efficiencies

• Beginning in 2007 in California, reduction of “vampire” or stand-
by losses
– This will save $10 Billion when finally implemented, nation-wide

• Out of a total $700 Billion, a crude summary is that 
1/3 is structural, 1/3 is transportation, and 1/3 is 
buildings and industry.

Billion $
Space Heating 40
Air Conditioning 30
Refrigerators 15
Fluorescent Tube Lamps 5
Compact Floursecent Lamps 5
Total 95
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Stacking Energy Efficiency From 
Refrig. Stds. Against Energy Supply - 2
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Standby Power (Electronic 
Vampires)



Energy Efficiency Economics



Energy Efficiency Economics 
(Contd.)



Cost of Conserved 
Energy/ELectricty/Carbon

• Powerful Analytical Idea of Policy Makers
• Solves the inability to easily compare both 

the economics and the scale of 
conservation with new energy supplies
– Energy Conservation (Negawatt) is a diffuse 

resource
– Energy supplies tend to be large, lumpy, and 

expensive



Cost of Conserved Energy (CCE)

CCE – [Annualized Investment Cost] / [Annual Energy 
Savings

• The annualized cost corresponds to equal (“levelized”) repayment, including 
interest, of the investment, with the payments extending over its useful life. 

• The energy savings can be electricity (measured in kW) or gas (measured 
in MBtu), or even CO2 (MtC). For example, if the measure saves electricity, 
then the CCE will be in units of $/kWh. 

• A measure is cost effective if its CCE is less than the price of the energy 
that it displaces. This permits easy comparison of the costs of supplying 
energy, such as from a new power plant, a new oil field, or even a wind 
farm.

• The cost of conserved energy is “portable”; that is, it does not depend on 
local prices of the displaced energy. By contrast, the price of displaced 
electricity may vary from state to state in India or country from country.



CCE Example
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Source: S. Nadel, ACEEE,

in ECEEE 2003 Summer Study, www.eceee.org
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United States Refrigerator Use, repeated, to compare with

Estimated Household Standby Use v. Time
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Estimated Power Saved Due to Air Conditioning 
Standards (1974 - 2002) (cont’d)

• Peak Power for United States Air Conditioning ~ 250 GW
• But standards cover only residential and rooftop units ~ 200 GW

• Avoided GW: 67% of 200 GW = 135 GW
• Comparisons:

– California Peak Load ~ 50 GW
– United States Nuclear Plants net capability ~ 100 GW

• Cooler roofs will save another 10% of 200 GW
– Flat roofs, new or replacement, should be white

• To be required in 2005 California Building Standards 
– Sloped roofs, new or replacement, can be colored but cool
– Each strategy saves 10%, so 20 GW total

• Just switching a-c equipment located outside to white should save 
another 1%, or 2 GW



3 Gorges Dam vs. added Appliances in 2010
3 Gorges: 18 GW x 3,500 hours/year = 63 TWh at wholesale

Source: David Fridley - LBNL

Conclusion: Optimum appliances could save 35 TWh/year, about one-half 
of 3 Gorges generation in 2010.  Savings at retail at least twice as valuable 
as wholesale, so economically equivalent to the entire 3 Gorges project.

Refrigerators Air Conditioning Total
Estimated Sales 2003 - 2010 125 Million 100 Million

Today's Use
per unit per year 440 kWh 360 kWh
  2003-2010 sales at this efficiency 55 TWh 36 TWh 91 TWh

Least Cost Optimum
per unit per year 265 kWh 233 kWh
  2003-2010 sales at high efficiency 33 TWh 23 TWh 55 TWh
Percent Saved 40% 35%

Savings from Least Cost Optimum 22 TWh 13 TWh 35 TWh
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LEDs Powered with 
Photovoltaics

• Evan Mills at LBNL points out the 
following: If 1 billion people could replace 
kerosene lamps with LEDs, emissions 
would drop by the equivalent of 1 million 
barrels of petroleum per day

• http://eetd.lbl.gov/emills/PUBS/Fuel_Base
d_Lighting.html



Ultra Violet Water Purification for 
Villages in Developing World

• Ashok Gadgil at LBNL points out if UV treatment 
replaces boiling 10 tons of water per day, each system 
avoids 4 tons of CO2 per day

• Meet / exceed WHO and US EPA criteria
• Energy efficient: 60 watts disinfects 1 ton / hour
• Low cost: 4 cents disinfects a ton of water
• Reliable, Mature components 
• Can treat un-pressurized water 
• Rapid throughput: 12 seconds
• Low maintenance: once every three months
• http://www.waterhealth.com/



UV Water Purification





Thank You!

• Slide Credits – Dr. Arthur Rosenfeld, 
Fermi Award Winner, California Energy 
Commissioner

• Contact Information:
Satish Kumar
Chief of Party, ECO-III Project
Email: SKumar@irgltd.com, SKumar@lbl.gov
Phone: +91-98995-61331


