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Goal:  

Convert your annual electric bill 
into an equivalent number ofinto an equivalent number of 
tons of CO2



C t d D fi itiConcepts and Definitions:

W tt U it f l t i lWatt  - Unit of electrical energy use

1 Joule of energy
1 att1 watt =  --------------------------

1   second



C t d D fi itiConcepts and Definitions:

kil W tt 1 000 ttkiloWatt  - 1,000 watts 

‘kil ’ i th fi f 1 000‘kilo’ is the prefix for 1,000

E amplesExamples:  



Concepts and Definitions:Concepts and Definitions:

kiloWatt - 1 000 wattskiloWatt  1,000 watts 

‘kilo’ is the prefix for 1 000kilo  is the prefix for 1,000

Examples:Examples:  
1 kilometer = 1,000 meters
1 kilogram = 1 000 grams1 kilogram  1,000 grams

1 kiloton = 1,000 tons



Concepts and Definitions:

kiloWatt-Hour – a unit of electric
energy use.

There are 2 things involved here.

1 – The unit of a kilowatt
2 – The idea that energy use is the 
product of a rate x time:

Energy = Power x time



Example:

10,   100-watt bulbs left on for 2 hours

Power = 10 x 100 = 1 000 watts = 1 kWPower = 10 x 100 = 1,000 watts = 1 kW

Energy = Power x time

=  1 kW x 2 hours

= 2 kiloWatt-Hours

= 2 kWh 2 kWh



Now you do it!y

Problem:
A student is in the habit of leavingA student is in the habit of leaving
her laptop on all the time even after 
going to bedgoing to bed. 

If the laptop uses 100 watts, p p ,
and is left on 24-hours a day, and 365
days a year, how much electrical energy y y , gy
is used in a year, in kWh?



Problem:
A student is in the habit of leaving her laptop on all the time 

even after going to bed. If the laptop uses 100 Watts, and is left on 24-
hours a day, and 365 days a year, how much electrical energy is used in 
a year, in kWh?

Answer:
24 hours        365 days

E 100 W ttE=100 Watts x ------------------- x  ------------------
1 Day            1 year

E = 876,000 Watt Hours   (in 1 year)

E = 876 kiloWatt Hours (in 1 year)E  876 kiloWatt Hours    (in 1 year)

E = 876 kWh    (in 1 year)





Home Electrical Energy Billo e ec ca e gy

January 830  kWh
February
March
April
May

820  kWh
840  kWh
770  kWh
750 kWhMay

June
July
August
S t b

750  kWh
1160  kWh
1330  kWh
1110  kWh

September
October
November
December

1040  kWh
740  kWh
650  kWh

1100 kWh1100  kWh



Home Electrical Energy Billo e ec ca e gy

January 830  kWh
February
March
April
May

820  kWh
840  kWh
770  kWh
750 kWhMay

June
July
August
S t b

750  kWh
1160  kWh
1330  kWh
1110  kWh

September
October
November
December

1040  kWh
740  kWh
650  kWh

1100 kWh1100  kWh

11 140 kWh11,140 kWh



Converting total electricity consumption
to tons of CO2to tons of CO2.

Electricity produced by burning fossil fuels 
generates 0 7 kilograms of CO2 per kWhgenerates  0.7 kilograms of CO2  per kWh.



Converting total electricity consumption
to tons of CO2to tons of CO2.

Electricity produced by burning fossil fuels 
generates 0 7 kilograms of CO2 per kWhgenerates  0.7 kilograms of CO2  per kWh.

Electricity produced by nuclear powery p y p
generates 0 kilograms of CO2



Converting total electricity consumption
to tons of CO2to tons of CO2.

Electricity produced by burning fossil fuels 
generates 0 7 kilograms of CO2 per kWhgenerates  0.7 kilograms of CO2  per kWh.

Electricity produced by nuclear powery p y p
generates 0 kilograms of CO2

Electricity generated by wind, solar or hydro 
generates 0 kilograms of CO2



Converting total electricity consumption
to tons of CO2to tons of CO2.

If:       1 kWh = 0.7 kilograms of CO2
and: E = 11 140 kWhand:           E =   11,140 kWh

Problem: How much CO2 did this home producep
in one year?     



Converting total electricity consumption
to tons of CO2to tons of CO2.

If:       1 kWh = 0.7 kilograms of CO2
and: E = 11 140 kWhand:           E =   11,140 kWh

Problem: How much CO2 did this home producep
in one year?     

M = 11,140 kWh  x  0.7 kg
=   7,798 kilograms of CO2
= 7 8 tons of CO2=  7.8 tons of CO2



…And now for something

completely different  !



Exoplanets



Habitable ZonesHabitable Zones

Ice Steam
0 °Centigrade

+273 °Kelvin
+100 °Centigrade
+373 °Kelvin



Habitable ZonesHabitable Zones

Pluto - Ice
0 °C ti d

Mercury - Steam
0 °Centigrade

+273 °Kelvin
+100 °Centigrade
+373 °Kelvin



Habitable Zones:Habitable Zones:

A region of space s rro ndingA region of space surrounding 
a star where temperatures are
suitable for water to remain in 
liquid form.q



Habitable Zones:Habitable Zones:

A region of space s rro ndingA region of space surrounding 
a star where temperatures are
suitable for water to remain in 
liquid form.q
All living things require liquid water,
hence this region is called ahence this region is called a

‘Habitable Zone’



Question:Question:

What does the temperature of aWhat does the temperature of a 
planet depends on?



Question:Question:

What does the temperature of aWhat does the temperature of a 
planet depends on?

√ Distance from star
√ Brightness of star√ Brightness of star
√ Reflectivity of planet
√ Atmosphere of planet√ Atmosphere of planet



Astronomers work with simple units:

Distance:
Sun to Earth = 150 million km

=  1 Astronomical Unit
=  1  AU



Astronomers work with simple units:

Distance:
Sun to Earth = 150 million km

=  1 Astronomical Unit
=  1  AU

Luminosity of Sun = 4 x 1027 Watts
=  1 Solar Luminosity
=  1 Lsun



The temperature of a bare planetThe temperature of a bare planet 
can be modeled by

( 1-A)1/4 L1/4

T = 273 ----------------
D1/2

A = Albedo
L = Luminosity of star
D Di t t tD = Distance to star



The temperature of a bare planetThe temperature of a bare planet 
can be modeled by

4
( 1-A)   L 

T = 273        ----------------

4

D 2

A Alb d L L i it f t D Di t t tA =Albedo    L =Luminosity of star    D =Distance to star



Example: Planet with albedo = 0.8Example: Planet with albedo  0.8
orbits at  1.5 AU around a star 
with L = 5.0 Lsun

4 ( 1- 0.8)  5.0 
T = 273        ----------------

4

1.5 2

T = 273 ( 0.44)1/4

T =  223 K    (  -58 F  or  -50 C  )



Problem – What is the temperature for anProblem What is the temperature for an 
earth-like planet for which D = 1.0 AU, 
L = 1.0 Lsun and A = 0.3 ?

4 ( 1-A)   L 
T = 273        ----------------

4

D 2

A = Albedo
L = Luminosity of starL  Luminosity of star
D = Distance to star



Problem – What is the temperature for anProblem What is the temperature for an 
earth-like planet for which D = 1.0 AU, 
L = 1.0 Lsun and A = 0.3 ?

4 ( 1-0.3 )   1 
T = 273        ----------------

4

1 2

T =  250 Kelvin    (  -23 C or  -9 F )  



Problem – How big is a Habitable Zone?Problem How big is a Habitable Zone?

4 ( 1-A)   L 
T = 273        ----------------

4

D 2

By assuming a value for A,
we can create the following table usingwe can create the following table using
MS Excel….  



Di t f St i AUDistance from Star in AUs

LL
U
M
II
N
O
SS
I
T
Y

Grid of planet temperaturesGrid of planet temperatures



Di t f St i AU
Problem: Where is      273 < T < 373   ? 

Distance from Star in AUs

LL
U
M
II
N
O
SS
I
T
Y



Di t f St i AU
Answer: See shaded region for approximate limits

Distance from Star in AUs

LL
U
M
II
N
O
SS
I
T
Y



Di t f St i AUDistance from Star in AUs

LL
U
M
II
N
O
SS
I
T
Y

P blProblem:   Red numbers give area of HZ. What pattern do you notice?



Di t f St i AU
Answer:  Stars more luminous that our sun (L=1) have much larger HZs

Distance from Star in AUs

LL
U
M
II
N
O
SS
I
T
Y



430 planets known…and the search continues!


