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3.  Consumption:  Cars

Estimating Energy Consumption by Cars

distance traveled per day = 50 km (30 miles)
distance per unit of fuel = 33 miles/gallon = 12 km/literdistance per unit of fuel = 33 miles/gallon = 12 km/liter
energy per volume of fuel = 10 kWh/liter

energy used per day = 40 kWh/day

This energy doesn’t include the cost of 
● making the fuel
● making the car● making the car

The fuel efficiency used in this book is 
kWh per hundred person-kmkWh  per hundred person-km
For a single occupied car

83.3 kWh per 100 person-km



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Six principles of vehicle design and vehicle use for more efficient surface transport

● reduce frontal area per person● reduce frontal area per person
● reduce the vehicle’s weight per person
● when traveling, go at a steady speed and avoid using the brakes
● travel more slowly
● travel less● travel less
● make the energy chain more efficient

2184 miles per gallon2184 miles per gallon
920 km per liter
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Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Compare to the fuel efficiency for a single occupied car of 83.3 kWh per 100 person-km
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Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Legislation is necessary!

If we can’t give up cars, Five technologies for improving cars

● regenerative braking
● hybrid cars
● electric cars
● hydrogen cars● hydrogen cars
● compressed-air cars
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Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Hybrid cars provide 

● a modest improvement in fuel efficiency (20-a modest improvement in fuel efficiency (20
30%) 
● carbon emissions on par with non-hybrid cars
● not a sufficient advance to impact the 
sustainable energy challengesusta ab e e e gy c a e ge



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Electric cars provide 

● significant improvement in energy efficiency
● have range limitations (good for city driving)● have range limitations (good for city driving)

The environmental benefit depends upon where 
the electricity comes from 

If you drive an electric car that is charged with 
electricity from a conventional coal-fired power 
plant, then is there any environmental advantage?

Some studies say no.  Some say yes, but only by 
a slight margin.

We need green electricity to make electricWe need green electricity to make electric 
vehicles green.



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Hydrogen cars 

● potentially can have higher energy efficiency 
due to the better efficiency of fuel cells overdue to the better efficiency of fuel cells over 
internal combusion engines
● have not demonstrated significant improvement 
in energy efficiency in practice
● do not have range limitations like electric● do not have range limitations like electric 
vehicles
● have storage problems (how to store hydrogen 
on board)
● have start up problems (could be combined● have start-up problems (could be combined 
with electric vehicles to have a hybrid electric 
battery-fuel cell vehicle with long range and good 
start-up performance

The environmental benefit depends upon where 
the hydrogen comes from.
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4.  Consumption:  Airplanes

Estimating Energy Consumption by Airplanes (Chapter 5)

Flying

● requires a lot of energyq gy
● is especially damaging to the environment 
because it ejects GHG directly into the upper 
atmosphere

“If you have $1000 (1,000,000 KRW) and you 
want to do the maximum damage to the 
environment, take an intercontinental flight. If you 
have $5 (5000 KRW) and you want to do the $ ( ) y
maximum damage to the environment, buy a 
package of fresh fruit out of season that has been 
flown overseas.”

paraphrase from Roland Cliftp p
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Estimating Energy Consumption by Airplanes (Chapter 20)



7.  Consumption:  Heating/Cooling

Estimating Energy Consumption by Heating and Cooling

● bath = 5 kWh
● shower = 1.4 kWh

Total usage:
heating water = 12 kWh/day
heating air = 24 kWh/day
cooling = 1 kWh/day  (no AC needed in the UK)
total = 37 kWh/day



9.  Consumption:  Light

Estimating Energy Consumption by Lighting

total = 4 kWh/day

Incandescent vs compact fluorescent light bulbs
● incandescent = 10 lumens per W
● compact fluorescent = 55 lumens per W



11.  Consumption:  Gadgets

Estimating Energy Consumption 
by Gadgets (electronics)

total = 5 kWh/day



13.  Consumption:  Food & Farming

Estimating Energy Consumption by Food & Farming

The minimum energy required by an active human being is on average 
about 2600 calories or 3 kWh/day

● vegetables = 1.5 kWh/d
● milk = 1.5 kWh/d (includes feeding the dairy cow)

2 1 kWh/d (i l d f di th hi k )● 2 eggs = 1 kWh/d (includes feeding the chicken)
● meat = 8 kWh/d (includes feeding the chicken, pig, cow)
● fertilizer = 2 kWh/d
● energy on the farm = 1 kWh/d (tractors, heating greenhouses)

total = 15 kWh/day

Pets

● pet cat = 2 kWh/d
t d 9 kWh/d● pet dog = 9 kWh/d

● pet horse = 17 kWh/d
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15.  Consumption:  Stuff

Estimating Energy Consumption by Stuff
stuff = material goods

The Life Cycle of stuff

● extraction of raw materials 
● production:  processing of raw materials into products
● use by the consumer

di l (l dfill li )● disposal (landfill, recycling)

This chapter focuses on the first two phases.

E lExamples
● 1 aluminum can = 0.6 kWh/d
● 400 g of packaging = 4 kWh/d
● new computer every two years = 2.5 kWh/d

200 f / il d 2 kWh/d● 200 g of newspaper/mail per day = 2 kWh/d
● 1 house (used for 100 years) = 1 kWh/d/person
● new car every 15 years = 14 kWh/d
● roads = 2 kWh/d/person

t l i i f it l th h t● television, furniture, clothes, shoes, etc. 
● imported stuff = 1.3 tons stuff/person/year @ 10 kWh/kg = 40 kWh/d

Total = 48 kWh/d
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Estimating Energy Consumption by Stuff
stuff = material goods

Transporting stuff

● 1 kWh will transport one ton of freight one kilometer on the road
● 0.015 kWh will transport one ton of freight one kilometer by ship

In the UK in 2006, 156 billion t-km of freight on the road shared between 60 
million people comes to 7 t-km/day/person = 7 kWh/d/person

560 illi t f f i ht i B iti h t 4 kWh/d/560 million tons of freight in British ports =  4 kWh/d/person

pumping water/treating sewage = 0.4 kWh/d/person

T t ti f t ff t t l 12 kWh/dTransportation of stuff total = 12 kWh/d



17.  Consumption Public Services

Estimating Energy Consumption by Public Services

6% of the British government expenses went to the military = 33 billion pounds
6% f th d ti d t (GDP) t t6% of the gross domestic product (GDP) went to energy

If 6% (fraction of energy) of the 6% (fraction of military) is billed at 2.7p/kWh, 
Then we have 80 TWh per year in the military.  This is 4 kWh/d/person.

Total = 4 kWh/d/person, ignoring everything except the military!

universities = 0.24 kWh/d/person



18.  Total Consumption

Consumption Grand Total = 195 kWh/day/person

Official consumption in the UK is 125 kWh/day/person.

What is the difference?

If you don’t count the energy to make imported stuff, you lose 40 kWh/d/p.

The resulting 155 kWh/day/person is higher than the UK average.  (Perhaps the 
average UK citizen doesn’t take 1 transcontinental flight each year—subtract g g y
another 30 kWh/day/person.)
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18.  Improvements:   Heating

Comparison:   Knoxville, Tennessee, USA 3 new homes

Home 2:
B ilt b C t tBuilt by Contractor
w/ conventional 
materials
w/ conventional 
d idesign
immediately retrofit 
to be energy 
efficient

Home 1:
Built by Contractor
with conventional materials
with conventional design

Home 3:
Built by from the 
beginning to be energy

Images & Slides:
Jeff Christian beginning to be energy 

efficient
Energy efficient design
Energy efficient materials

Jeff Christian
Oak Ridge 
National Laboratory
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18.  Improvements:   Heating

Comparison: Knoxville Tennessee USA 3 new homesComparison:   Knoxville, Tennessee, USA 3 new homes
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Oak Ridge 
National Laboratory Note:  HERS = home energy rating system



18.  Improvements:   Heating

All modern houses use heat pumps
with electrical heating, 1 kWh electricity creates 1 kWh of heat
with a heat pump, 1 kWh of electricity creates 3-4 kWh of heat 

hot liquid cold liquid

hot gas cold gas

Heat pumps use energy from an outside source (air or ground)Heat pumps use energy from an outside source (air or ground).
Heat pumps are reversible (heat in winter, cool in summer).
Heat pumps become less efficient as the temperature difference becomes greater.
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Improvements
In Design
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Improvements
In Materials
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Improvements
in energy 
generation
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18.  Improvements:   Heating

Improvements
in economics
due to local 
policy on 
green energy
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