Swiss Re Tower
London, England

> Uses 50 percentless
energythanaconventional

office building

lighting systems

> Naturalventilation and

ENERGY EFFICIENCY

Menara Mesiniaga

Edificio Malecon

Subang Jaya, Malaysia

» External louvers provide
shade on hot sides of building

» Unshielded windows on cool
sidesimprove natural light

» Natural ventilation

> Roof covered with plants
reduces heatbuildup

> Passive solar heating

> Constructed of materials
thatcanbe easily recycled

# Two thirds ofall
energyislostduring
itsconversioninto
formsusedinhuman
activities; most
ofthis energy comes
from carbon-emitting
fossil fuels.

# The quickest, easi-
estwaytoreduce
carbon emissions
istoavoid as many
oftheselosses

as possible.

# Improving the
energy efficiency

of buildings, appli-
ances andindustrial
processes offers
impressive savings.

Apartments
Jerusalem, Israel

> Solar heating panels and tanks

BuenosAires, Argentina

» Long, narrow structure
minimizes solar heat

P Naturally ventilated stairwells

> Open floor planand operable
windows harness breeze
fromnearbyriver

i P @

Wasting less energy is the quickest, least expensive way to stem
carbon emissions BY EBERHARD K. JOCHEM

The huge potential of energy efficiency mea-
sures for mitigating the release of greenhouse gases
into the atmosphere attracts little attention when
placed alongside the more glamorous alternatives of
nuclear, hydrogen or renewable energies. But devel-
oping a comprehensive efficiency strategy is the fast-
est and cheapest thing we can do to reduce carbon
emissions. It can also be profitable and astonishingly
effective, as two recent examples demonstrate.
From 2001 through 2005, Procter & Gamble’s

factory in Germany increased production by 45
percent, but the energy needed to run machines and
to heat, cool and ventilate buildings rose by only 12
percent, and carbon emissions remained at the
2001 level. The major pillars supporting this suc-
cess include highly efficient illumination, com-
pressed-air systems, new designs for heating and air
conditioning, funneling heat losses from compres-
sors into heating buildings, and detailed energy
measurement and billing.

64 SCIENTIFIC AMER

ICAN
COPYRIGHT 2006 SCIENTIFIC

SEPTEMBER 2006

MERICAN, INC.



—— ABN-AMRO

world headquarters
Amsterdam, the Netherlands

» Automated blinds

— Szencorp Building
Melbourne, Australia

» Dehumidification unit dries and

> Heatrecoverysystem ] )
cools office space simultaneously

- Digital climate regulators and
light fixtures automatically
adjust forchanging lightand
occupancy levels

» Ceramic fuel cell supplies
electricityand heat for hot water

> 70percentreductioninenergyuse
compared with conventional offices

In some 4,000 houses and buildings in Germany, Switzer-
land, Austria and Scandinavia, extensive insulation, highly
efficient windows and energy-conscious design have led to
enormous efficiency increases, enabling energy budgets for
heating that are a sixth of the requirement for typical buildings
in these countries.

Improved efficiencies can be realized all along the energy
chain, from the conversion of primary energy (oil, for exam-
ple) to energy carriers (such as electricity) and finally to useful
energy (the heat in your toaster). The annual global primary
energy demand is 447,000 petajoules (a petajoule is roughly
300 gigawatt-hours), 80 percent of which comes from car-
bon-emitting fossil fuels such as coal, oil and gas. After con-
version these primary energy sources deliver roughly 300,000
petajoules of so-called final energy to customers in the form

—Genzyme Corporation headquarters
Cambridge, Mass.

> Ventilated double-facade blocks solar heatin
summerand capturesitinwinter

» Steam from nearby power plantdrives central
heatingand cooling systems

> Uses 32 percent less water than comparable office building

» Construction materials were chosen for low
emissions, recycled contentorlocal manufacturing

House
Hamburg, Germany

> Solar collectoron roof

of electricity, gasoline, heating oil, jet fuel, and so on.

The next step, the conversion of electricity, gasoline, and
the like to useful energy in engines, boilers and lightbulbs,
causes further energy losses of 154,000 petajoules. Thus, at
present almost 300,000 petajoules, or two thirds of the pri-
mary energy, are lost during the two stages of energy conver-
sion. Furthermore, all useful energy is eventually dissipated
as heat at various temperatures. Insulating buildings more
effectively, changing industrial processes and driving lighter,
more aerodynamic cars [see “Fueling Our Transportation Fu-
ture,” by John B. Heywood, on page 60] would reduce the
demand for useful energy, thus substantially reducing energy
wastage.

Given the challenges presented by climate change and the
high increases expected in energy prices, the losses that occur

—
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all along the energy chain can also be viewed as opportuni-
ties—and efficiency is one of the most important. New tech-
nologies and know-how must replace the present intensive use
of energy and materials.

Room for Improvement
BECAUSE CONSERVATION MEASURES, whether incor-
porated into next year’s car design or a new type of power
plant, can have a dramatic impact on energy consumption,
they also have an enormous effect on overall carbon emis-
sions. In this mix, buildings and houses, which are notori-
ously inefficient in many countries today, offer the greatest
potential for saving energy. In countries belonging to the Or-
ganization for Economic Cooperation and Development
(OECD) and in the megacities of emerging countries, build-
ings contribute more than one third of total energy-related
greenhouse gas emissions.

Little heralded but impressive advances have already been
made, often in the form of efficien-

Zurich and director of the Center for Energy Policy and Econom-

technical universities of Aachen and Munich, he was a postdoc-

Despite these gains, the biggest steps remain to be taken.
Many buildings were designed with the intention of minimiz-
ing construction costs rather than life-cycle cost, including
energy use, or simply in ignorance of energy-saving consider-
ations. Take roof overhangs, for example, which in warm
climates traditionally measured a meter or so and which are
rarely used today because of the added cost, although they
would control heat buildup on walls and windows. One of the
largest European manufacturers of prefabricated houses is
now offering zero-net-energy houses: these well-insulated
and intelligently designed structures with solar-thermal and
photovoltaic collectors do not need commercial energy, and
their total cost is similar to those of new houses built to con-
form to current building codes. Because buildings have a 50-
to 100-year lifetime, efficiency retrofits are essential. But we
need to coordinate changes in existing buildings thoughtfully
to avoid replacing a single component, such as a furnace,
while leaving in place leaky ducts and single-pane windows
that waste much of the heat the new furnace produces.

One example highlights what might be done in industry:
although some carpet manufacturers still dye their products
at 100 to 140 degrees Celsius, others dye at room temperature
using enzyme technology, reducing the energy demand by
more than 90 percent.

The Importance of Policy

TO REALIZE THE FULL BENEFITS of efficiency, strong
energy policies are essential. Among the underlying reasons
for the crucial role of policy are the dearth of knowledge by
manufacturers and the public about efficiency options, bud-
geting methods that do not take

cy improvements that are invisible
to the consumer. Beginning with
the energy crisis in the 1970s, air
conditioners in the U.S. were rede-
signed to use less power with little
loss in cooling capacity and new
U.S. building codes required more
insulation and double-paned win-
dows. New refrigerators use only
one quarter of the power of earlier
models. (With approximately 150
million refrigerators and freezers
in the U.S., the difference in con-
sumption between 1974 efficiency
levels and 2001 levels is equivalent
to avoiding the generation of 40
gigawatts at power plants.) Chang-
ing to compact fluorescent light-
bulbs yields an instant reduction in
power demand; these bulbs pro-
vide as much light as regular incan-
descent bulbs, last 10 times longer
and use just one fourth to one fifth

b5 percent

of primary energy—that in
the natural resources we
harness for power—is lost
during conversion to the
useful energy that makes
our lives more comfortable

80 percent of primary
energy comes from carbon-
emitting fossil fuels

Almost 35 percentof
greenhouse gas emissions
come from buildings

proper account of the ongoing ben-
efits of long-lasting investments,
and market imperfections such as
external costs for carbon emissions
and other costs of energy use. En-
ergy policy set by governments has
traditionally underestimated the
benefits of efficiency. Of course,
factors other than policy can drive
changes in efficiency—higher en-
ergy prices, new technologies or
cost competition, for instance. But
policies—which include energy
taxes, financial incentives, profes-
sional training, labeling, environ-
mental legislation, greenhouse gas
emissions trading and internation-
al coordination of regulations for
traded products—can make an
enormous difference. Furthermore,
rapid growth in demand for energy
services in emerging countries pro-
vides an opportunity to implement

the energy.
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Stove

» Appliances for cookingare stillaworkin

» Convection ovens can cutenergy use

Walls

P Thick cellulose insulation
prevents heatloss in winter
and heat gaininsummer

Windows

> Double panes filled with low-conductivity gas
reduce heat flow by 50 percent ormore

> Edge seals made of silicone foam

|~

Compactfluorescentlamp

» Uses one fourth to one fifth the
energy ofincandescent bulbs

» Occupancysensorturns lamp off
whennooneisintheroom

Computer

> LCDscreenuses
upto 60 percent
less energythan
conventional CRT
monitors

» Generatesless heat

> Made of recyclable
materials

Dishwasher

> Booster heaterraises water
temperature to thatrequired for
dishwashing, so household hot water
does nothave tobe setas high

» Usesonly about one half the water
required for manual washing

Refrigerator

progress:lessthan 25 percentof the energy
used by aconventional stove reaches the food

theenergyofa 1974 model

by about 20 percent

outset as infrastructure grows: programs to realize efficient
solutions in buildings, transport systems and industry would
give people the energy services they need without having to
build as many power plants, refineries or gas pipelines.

Japan and the countries of the European Union have
been more eager to reduce oil imports than the U.S. has and
have encouraged productivity gains through energy taxes
and other measures. But all OECD countries except Japan
have so far failed to update appliance standards. Nor do gas
and electric bills in OECD countries indicate how much en-
ergy is used for heating, say, as opposed to boiling water or
which uses are the most energy-intensive—that is, where a
reduction in usage would produce the greatest energy sav-
ings. In industry, compressed air, heat, cooling and electric-
ity are often not billed by production line but expressed as
an overhead cost.

Nevertheless, energy efficiency has a higher profile in Eu-
rope and Japan. A retrofitting project in Ludwigshafen, Ger-
many, serves as just one example. Five years ago 500 dwellings
were equipped to adhere to low-energy standards (about 30
kilowatt-hours per square meter per year), reducing the an-
nual energy demand for heating those buildings by a factor of
six. Before the retrofit, the dwellings were difficult to rent; now
demand is three times greater than capacity.

Other similar projects abound. The Board of the Swiss
Federal Institutes of Technology, for instance, has suggested
a technological program aimed at what we call the 2,000-

www.sciam.com

» Typical new refrigerator uses one quarter

> Old refrigerator was recycled rather than moved
tothe garage for extra food storage, thereby yielding
the full benefit of the new high-efficiency model

Hotwater

» Solarwater heaterwith
nonsolarbackup heating

> Insulated storage tank

Watt Society—an annual primary energy use of 2,000 watts
(or 65 gigajoules) per capita. Realizing this vision in indus-
trial countries would reduce the per capita energy use and
related carbon emissions by two thirds, despite a two-thirds
increase in GDP, within the next 60 to 80 years. Swiss scien-
tists, including myself, have been evaluating this plan since
2002, and we have concluded that the goal of the 2,000-watt
per capita society is technically feasible for industrial coun-
tries in the second half of this century.

To some people, the term “energy efficiency” implies re-
duced comfort. But the concept of efficiency means that you
get the same service—a comfortable room or convenient trav-
el from home to work—using less energy. The EU, its member
states and Japan have begun to tap the substantial—and prof-
itable—potential of efficiency measures. To avoid the rising
costs of energy supplies and the even costlier adaptations to
climate change, efficiency must become a global activity.

Energy End-Use Efficiency. Eberhard Jochem in World Energy
Assessment 2000, Chapter 6. UNDP/WEC/UNDESA, 2000.

Steps towards a Sustainable Development: AWhite Book for R&D
of Energy-Efficient Technologies. Edited by Eberhard Jochem.
CEPE and Novatlantis, March 2004. www.cepe.ethz.ch

Experience with Energy Efficiency Policies and Programmes
in [EA Countries. Howard Geller and Sophie Attali. International
Energy Agency, 2005.
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