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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



7.  Consumption:  Heating/Cooling

Estimating Energy Consumption by Heating and Cooling

Other types of heating:

● patio heater = 30 kWh
● electric blanket = 0.14 kWh

Ai diti iAir conditioning:
heating water = 0.6 kWh/day
(no AC needed in the UK)



7.  Consumption:  Heating/Cooling

Estimating Energy Consumption by Heating and Cooling

In the United States, heating and cooling of home is about 30% of total energy usage.

http://www.eia.doe.gov/emeu/reps/enduse/er01_us_figs.html



7.  Consumption:  Heating/Cooling

Estimating Energy Consumption by Heating and Cooling

Air conditioning is responsible for more than half of the energy usage used in 
heating/cooling the house.  Refrigerators are responsible for more than half the energy g g g p gy
usage used for heating/cooling with kitchen appliances.

http://www.eia.doe.gov/emeu/reps/enduse/er01_us_figs.html



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



9.  Consumption:  Light

Estimating Energy Consumption by Lighting

Economic analysis



11.  Consumption:  Gadgets

Estimating Energy Consumption 
by Gadgets (electronics)

total = 5 kWh/day



7.  Consumption:  Gadgets

Estimating Energy Consumption by Heating and Cooling

In the United States, energy usage among electronic components is devoted to TVs and 
computers.p

http://www.eia.doe.gov/emeu/reps/enduse/er01_us_figs.html



7.  Consumption:  Gadgets

Plasma TVs vs. LED TVs vs. LCD TVs

Model  HDTV type  Screen size 
Default 
settings 
( )

Default 
setting (watts 
per square

Default 
setting (cost 

)

Calibrated 
setting 
( )

Calibrated 
setting (watts 
per square

Calibrated 
setting (cost 

)(watts) 
per square 
inch) 

per year)  (watts) 
per square 
inch) 

per year) 

Vizio 
VF552XVT

LED 55 191.14 0.148 $42.54 103.72 0.080 $23.37

Samsung 
UN55C8000

LED 55 129.46 0.100 $28.44 111.64 0.086 $24.53
UN55C8000

$ $

Samsung 
LN52B750

LCD 52 191.15 0.165 $41.90 128.86 0.112 $28.25

Sony KDL‐
52XBR9

LCD 52 237.52 0.206 $52.07 159.97 0.138 $35.07

Samsung 
PN50B650

plasma 50 252.04 0.236 $55.39 290.46 0.272 $63.82

Panasonic 
TC‐P50V10

plasma 50 255.61 0.239 $56.14 294.42 0.276 $64.65

52XBR9

LED televisions are really just LCD televisions that use LED lights for back lighting instead of the flourescent CFL 
lighting traditionally used for LCDs. Both employ the liquid crystal diode (LCD) technology front panel containing the 

http://www.eia.doe.gov/emeu/reps/enduse/er01_us_figs.html

g g y p y q y ( ) gy p g
“twisting crystals” which define LCD technology.  ‐‐http://www.lcdtvbuyingguide.com/hdtv/led‐vs‐lcd.html



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



Estimating Energy Consumption by Food & Farming: Meat

13.  Consumption:  Food & Farming

Estimating Energy Consumption by Food & Farming:  Meat



The Sustainable Diet

13.  Consumption:  Food & Farming

The Sustainable Diet

Diets heavy in meat and dairy have 
j i t ha major impact on greenhouse gas 

emissions; it is estimated that 
livestock production is responsible 
for 18 percent of worldwide 
greenhouse gas emissions.[16]

http://en.wikipedia.org/wiki/Low_carbon_diet



13.  Consumption:  Food & Farming



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



15.  Consumption:  Stuff



15.  Consumption:  Stuff

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.)



18.  Total Consumption
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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



18.  Improvements:   Heating

Comparison:   Knoxville, Tennessee, USA 3 new homes
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Oak Ridge 
National Laboratory Note:  NZEH = near zero energy house



18.  Improvements:   Heating

Comparison:   Knoxville, Tennessee, USA 3 new homes
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18.  Improvements:   Heating

Comparison: Knoxville Tennessee USA 3 new homesComparison:   Knoxville, Tennessee, USA 3 new homes

Images & Slides:g
Jeff Christian
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.



18.  Improvements:   Heating

Comparison: Knoxville Tennessee USA 3 new homesComparison:   Knoxville, Tennessee, USA 3 new homes
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18.  Improvements:   Heating

Improvements
In Design

Images & 
Slides:
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18.  Improvements:   Heating

Improvements
In Materials
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18.  Improvements:   Heating
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18.  Improvements:   Heating

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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