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“ANY change in any system ONLY 
occurs because energy is used and 
heat is produced.”
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Why are we doing this 
energy stuff?
We have defined the warming problem.
We now turn to the solution.
Primarily, this means rearranging our 
energy system to produce less CO2. 
In other words, to understand the 
solution, we need to have some 
quantitative appreciation of ENERGY.
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Uses of the word “energy”:
I just don’t have the energy...
“Energy” drink!
Energetic speaker
Psychic energy
Energy crisis
Energy bill
Energy drink
Energy ray
Energy tax
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Great!

What is “work”?

In other words, Energy is tied to “work.”
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Back to school: We need-
Basic understanding of the concepts of 
force, energy and power.
Seat of the pants ability to estimate the 
amounts of these factors involved. 
The ability, and habit, of using simple 
arithmetic to check statements relating to 
new energy technologies.
Get your pencils out!
No computers on the net!
And if this is “old hat” help your friend!
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What is the difference 
between force and energy?

A force is a push or a pull. 
Energy is what you expend 
when you exert a push or a 
pull through a distance.
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Name a unit of force and a 
real-life example involving this 
much force.
1 newton (nt) =
The “push” of a Mandarin 
orange against your hand 
(i.e., its weight).

The weight (mg) of a kg or 
a pound is also a force.

Isaac Newton 1642- 1746-7

 (“g” is about 10,)

7Monday, January 19, 2015

Name a unit of energy 
and a real-life 
example involving this 
much energy. 
1 Joule (j)
  = the kinetic energy of a 
    Mandarin orange after    
    it has fallen 1 metre.

Energy is a force times a distance.

= 1/5,000th of the chemical energy released by 
burning a chick pea (i.e., a Joule is pretty small, 
and chemical bonds can store a lot of energy.).

James Joule 1818-1889
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Work and Heat.
People knew that they got hot when 
they worked hard. 
In steam engines, they had a machine 
that absorbed hot stuff (steam) and 
produced both water and useful work.

So, how was heat related to work?
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James Joule 1818-1889

Joule knew that a known amount of energy could be 
extracted from a falling weight (mgh).

He hoped that 
most of this 
energy could be 
conveyed to a 
paddle wheel 
that would heat 
some water by 
stirring it.

4.13 Joules = 1 Cal

Thermometer

Note: the “Kal” on 
the food label is 
actually 1,000 cal.

10Monday, January 19, 2015

Great! Now that we could measure 
both heat and energy in the same 
units, we could begin to see how to get 
more work and less heat out of every 
energy transition (and physical change).

E = W + H
And we could write the First Law of Thermodynamics.

And the Second Law, an easy version of which is 

H is always more than zero.
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Who cares?
Well, these two laws allow us to do energy accounting, 
a process that allows us to improve efficiency: 

Getting more 
of what we 
want while 
using less 
energy and 
producing 
less heat.
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What is the difference between 
energy and power?

Energy represents the ability to 
do work.

Power is the RATE at which 
work is done (Watts = W).

So, (power) x (time) = energy

or (kW) x (Hours) = kW.h

James Watt 1736-1819
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Name a unit of power and a 
real-life example involving 
this much power?
1 watt (W)
   = the electric power sent to a flashlight bulb. 
      (How much light is produced?)
   = lifting a Mandarin orange onto a table in 1 second.
   = lifting in half a second would require 2W.

1 horsepower = effort of 2 strong rowers.
                 = ~750 watts = 0.75 kW
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What is the power in kW of 
the engine in a compact car?

Of an SUV engine?
95 kW

>250- 450 kW

Of an electric bike?
250 W i.e., 1,000x less than the SUV
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A large electric power plant 
produces 1000MW. (1,000,000,000W)

How else could you describe this 
amount of  power?
1 gigawatt = 1 GW
If, on average, one house uses 1.5 kW, 
how many houses can this plant serve?
109/1.5x103 = 6.6x105 homes

666,666 homes
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Electric power can be either 
! AC (alternating current) or 
! DC (direct or constant current)

• transformers allow one to 
change voltage/current with 
high efficiency.
• magnetic induction motors work 
on AC with high efficiency.
• others?

Why does our society run on AC?
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AC, DC, either or mixed?
electric toothbrush

laptop computer

incandescent light bulb

handheld electric drill

flashlight

toaster

stereo

car battery charger

HV distribution lines

induction motor

TV set

clock-radio
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Power input to Earth?

170 PW=
170,000,000,000,000,000W
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or, as there are 3,600,000j in a kW.h, 
1.48x1018 kW.h or 1.48 billion billion kW.h

(1.7x1017)(3.6x103)(2.4 x101)(3.65x102) = 
5.36x1024 j, or 5.36 yocto joules

Remember, a watt is a joule/second.

How much energy strikes the 
planet in a year?

So we need to multiply the power by the 
number of seconds in a year
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- It keeps the Planet warm (50%). 

What does all this energy DO?

- It drives the wind and ocean currents (0.7%)

- A tiny tiny fraction is absorbed by green plants 
to produce the glucose (0.2%) that powers all 
living things and also stores some energy in soils 
and “biomass”.

- Then, that not reflected initially just radiates 
away as IR, making the planet “visible.” (~75%)

- It carries water from oceans to land (25%)
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So we have mentioned kW.h, a unit that 
most of us associate with Hydro bills.

Instead we measure electric power rather 
as if it were pressurized water in a pipe.

Although electric currents do in fact 
create fields that can create a “push or a 
pull” (i.e. as in an electric motor?), we 
usually don’t measure them that way.

We measure of pressure as Volts, and the 
flow rate of the water as Current in Amps.
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Volts (v), amps (i) and power (w).

(Volts) x (amps) = power (W)
Alessandro Volta, 1745-1827 André-Marie Ampère 1775-1836

Power is the rate of doing work.
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Voltage, current and power are constantly used 
incorrectly in the news and everyday speech.

But it can send this 
large current 
because the voltage 
is so high that it 
can break through 
the insulating layer 
of your skin.

Lightning does NOT send 
a voltage through you. 
It sends a current. 
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If you want to send 
a lot of power from 
the WAC Bennet Dam 
to Victoria, you need 
a long wire. 
The power lost by 
heating this wire = 
I2R, where R is the 
resistance of the wire.

Bigger wires have lower resistance but for AC only up 
to about 20mm diameter.

To get more power, you need high voltage. But high  
voltages need very good insulation, so we end up with 
tall towers and large ceramic insulators
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• Transformers consists of 2 coils of wire 
connected by a magnetic structure that 
forces the magnetic field induced by 
current in one coil (the primary) to pass 
through the other coil (the secondary), 
inducing a second current there
• The ratio between the voltage in the 
primary coil and that in the secondary 
coil is the same as the ratio of the 
number of turns in the coils.

We usually use AC rather than DC in our power 
grid because transformers allow us to change 
high current to high voltage easily.
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• By grounding the center of the secondary 
winding, you can make two, 120v circuits.

• Distribution lines carry 7,200v. 

Why not just have the generator make 120v?
What is the turns ratio of this transformer?

30:1

• A “pole-pig” 
transformer 
drops the 7,200v 
to 240v for use 
in your house. 
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• Transformers can change voltage/current but consume 
(waste?) little power (1-2%).

• What happens 
to this 1-2 %?

They can be 
pretty big. Mitsubishi Electric

598MVA 525/230kV
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• Plugs in Canadian houses are rated at 15A.

hairdryer 1,650 w 117v 14.1A

CFL bulb 23 w 117v 0.196A

nightlight 2 w 117v 0.017A

dryer 6,000 w 234v 25.6 A

wtr htr 7.200 w 117v 30.8 A

lightbulb 100 w* 117v 0.854A

*70w is about the power needed to run a human
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Which fuel has the highest specific 
energy?

Fuels are materials that store 
chemical energy for later use.

Specific energy is the amount of energy that 
can be stored per unit weight.

Because it is really light!

Hydrogen (H2)
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Chemical energy is stored in the 
covalent bonds between atoms. 
As H is the lightest atom, there are 
more ‘bonds/kg’ in hydrogen gas.

Why is the specific heat of H2 

higher than that of coal or oil?

H2 = 114MJ/kg 
nat. gas = 33-37 

anthracite = 37-39
straw = 12-14

gasoline =44 
coal = 24-26
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Why don’t we use H2 in our cars?
• no natural sources of hydrogen gas.
• hard to store: compress, liquify
• hard to contain: leaks can cause bang!
• embrittles steel: more bang!
• H2 is a powerful greenhouse gas
Nevertheless, because it can be generated 
by the electrolytic dissociation of water, 
and is the ideal input to a fuel-cell, it can 
serve as an energy storage medium.
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When is it worthwhile 
to use H2 as a fuel?

Rockets...

Why?
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If the 2, 1.5v D-cells for your 
flashlight cost $2, and produce 1A of 
current for 2.6 hours, how much 
would one pay for a kW/hour of 
electricity produced in this manner?

1A x 3v = 3 watts
3 watts for 2.6 hours = 7.8 w/h
or 7.8w/1000w = 1/128 of a 21301lg.jpgkW.h.
If one $1 cell provides 1/256 kW.h, it does so at 
the rate of $256/kw.h
      or ~2,000x more than house power.

Storing electric energy
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How can we get a better idea of 
the size of this ENERGY problem?

First we need to get a feel for the 
extent to which we have already 
“taken over the planet”.

(I assume that you have all seen the 
wonderful French movie called HOME that 
can be viewed, in HD, on YouTube?)
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How big is “man”?
Paul MacCready, the Chairman of 
AeroVironment and designer of the first human-
powered and first solar-powered aircraft, has 
calculated the weight of all vertebrates on the 
land and in the air. 

Paul MacCready

He wanted to know 
how much of “the 
meat” was “us”.
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McCready found  that when agriculture began, humans, their livestock, and pets 
together accounted for less than 0.1% of the total terrestrial vertebrate biomass. 
Today, he estimates, “this group accounts for 98 percent of the earth’s total 
terrestrial vertebrate biomass,                                                             leaving only 2 percent for the wild portion, 
including all the deer, wildebeests, elephants, great cats, birds, small mammals rtc
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You can check this and 
it seem correct, as long  
you remember not to 
count insects!
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I tried to check some of these numbers...
In 1960...

100 in 2005

300 in 2005?
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Land: 

Between 1950 and 1980, more land was converted 
to cropland than in the eighteenth and first half 
of the nineteenth centuries combined. 

Nearly a quarter of the land surface of Earth is 
now cultivated.
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Energy and the economy
1 Quad = 300 billion kW.h

350,000,000 people
working at 100W, 8 
hours a day  for a 
year (about 2000 
hours) would produce 
70 billion kW.h.

North America = 100Q 
= 30trillion kW.h

Or about 0.25%,

1.70 billion tons of 
carbon in 2008

1/400 of the total
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What’s missing from this Canada Plot? 

Canada receives about 3000x more 
energy from the Sun than from its 
energy system.
Although this keeps us warm(er), we 
use little for useful work (drying farm 
produce? paint? hydro?)
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Humans need energy too.

What is our fuel?
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If a fairly busy man is metabolizing at 
100w, how many carbohydrate calories a 
day will he need to eat/day? 
(neglect needs for specific nutrients).

(100j/s x 4.2j/cal x 3,600 s/h x 24 h/day.

= 2,054,000 cal or 2,054 kcal

So why do they say 2,500?
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If your brain uses 20% of your energy 
and weighs 1kg kg, how much higher is 
the energy use/kg in brain than in the 
70kg remainder of your body?

If what should be using 1/70th of the 
energy, actually uses 20% (or 1/5th) then 
it is using 70/5 = 14x too much.
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What can you tell me about this graph?
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Or these?
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Energy and History.
We heard about a lot battles, most of 
which related to a struggle to control 
territory.

Why?
Does it help to think of territory as 
crop land acting as a solar collector 
capable of producing stored energy?
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Have you ever thought about the way 
energy use has underpinned the 
development of modern society?

Urban energy density 10-30 w/M2

City needs 50-150x city area for fuel.
This limited city size. 
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What are cities good for?
Why could Baghdad and ChangAn 
become so big in the 9th century?
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If you had available only one horse-
power (750 watts), what tasks would 
you use it to perform?
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http://www.maggieblanck.com/Land/WE.html

100W
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She was 212' in length, 36' in beam, with a draft of 21'. 
Her sails covered three-fourths of an acre (32,000 
square feet), and her maximum speed was more than 17 
knots, the power equal to a 3,000 hp engine.

Perhaps the most powerful wind-
powered machine
This masterpiece was 
Cutty Sark. 
Her lithe and slender 
hull might have belonged 
to a yacht rather than a 
cargo vessel. 
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Landmarks in the use of energy by humans.

Fire, 
agriculture, 
draft animals, 
charcoal, 
wind/water mills,
rockets,

steam engines, 
internal-combustion 
   engines, 
turbines, 
nuclear, 
more?
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If you heat your home 
with a wood fire, what is 
the most important 
(simple) thing for you to 
do to make this work 
efficiently (and I’m not 
talking about insulation 
or getting a good 
stove...)?

Solar energy 
stored for heat
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Most solar energy is lost at the first step: it misses a leaf.
Of the light striking the leaf, 
only 53% is absorbable.

Incomplete absorption        30%

Photon->Glucose Conversion  68%
Wavelength mismatch         24%

Other losses:

Glucose used by plant     35-45%

How efficient is wood heat?
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All the animals need to 
survive on this Net 
Primary Production

To make things worse, 
photosynthetic 
efficiency goes down in 
strong sunlight.
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What do we need to know about photosynthesis?
Has made most of the 
fixed carbon on the 
planet

Ditto most of the O2

Affects albedo

• C3 in wheat, most crops.
• more common
• less efficient
• can’t use extra 
CO2

• C4, in corn, SC, weeds!
• common in tropics
• photon efficient
• can use extra CO2 
• doesn’t saturate

Photosynthesis comes in 2 (common) flavors, 

61Monday, January 19, 2015

After that, it is just accounting.
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Sun (168 w/m2)

Overall 
efficiency, 
0.03%

Photosynthesis.
0.3% efficient

heat (167.5 w/m2 )

Production energy costs, 50%:
 Harvesting, Transport 0.25 w/m2

Biomass, 0.5 w/m2

Ethanol production 
Only part of biomass used, 
at about 40% efficiency.

0.25w/m2

heat (0.2 w/m2 )

Ethanol (0.05 w/m2 )

What would this 
look like for a 
solar energy/
electric car 
system?

The First Massive mistake in responding to GW
The problem was asking the wrong question.

63Monday, January 19, 2015

Sun (168 w/m2)

Ethanol (0.05 w/m2 ) x 20% motor efficiency = 
0.01 w/m2

Photo voltaic panel
15% efficient heat (142 w/m2 )

Electric power, 26 
w/m2

Battery storage:
80% elect eff.
20% weight penalty

heat (10.4w/m2 )

Mechanical power (12.5 w/m2 )Electric motor 
80% efficiency

stored energy (15.6w/m2 )

heat (3.1w/m2 )

125x better than 
the ethanol ICE  
car!!

If you want to use solar energy to 
move cars, ethanol isn’t the way.
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The fact that yeast can live by metabolizing 
sugar into ethanol tells you what about the 
relative energy content of sugar and ethanol? 

What limits the number of trophic levels  in 
a food web?

Why can whales be bigger than tuna?

Which has more specific energy?

Now a little quiz:
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Humans need to keep their core temp. 37°C.

Some of this heat is dissipated by heating air 
(20W?) but more is usually lost by evaporating 
water by breathing or sweating (600W).

Hotter wetter air makes this more difficult and 
can cause death.

Depending on activity level, and metabolism 
humans generate 60-600 W of heat,.

Practical problems posed by 
GW:
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Heat Wave,
Europe 2003
70,000 excess deaths 
over 11 days.
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The summer o 2003 really WAS hot in Europe.

Nuclear power plants are 30% 
efficient. 
70% must be dispersed.
They had to be closed when the 
cooling water got too hot.
Reducing energy available for AC.
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W H AT  T O  D O ? ?
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Questions? 

Don’t forget to check the www page:

new address:

http://tinyurl.com/lsodo6z
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