Electricity is really just organized lighting.
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How much electrical energy does the
average Arizona household use in a year?



Our guidelines for making an order-of-magnitude estimate:

* Guess

* Talk to your gut

* Divide and conquer

* Lie skillfully

* Punt

* Use guerrilla warfare
* Lower your standards

* Cross-check
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| know the annual US energy usage is ~ 10%° J, and
the US population is ~ 3 x 103 so I'll guess ~ 1012 J,
not too big but not too small, for the average
annual Arizona household electrical usage.

GutCheck



My average monthly electrical bill is about $150.

I’'ll assume my monthly electrical usage is close to
the average (Lie Skillfully). Some will use less, such
as single person apartments, and some will use
more, such as multi-person large mansions, but Il
assume mine is comfortably in the middle range.



| know the average price per kW-hr across the USA is ~$0.10.
Some states are higher, some lower, but I'll assume this
average price point for Arizona.

The average monthly Arizona household uses
$150/month + $0.10/kW-hr = 1500 kW-hr/month
So the annual usage is

1500 kW-hr/month x 12 months/year ~ 15,000 kW-hr/year

One kW-hour is ~4 million joules, so an estimate is
(15,000 kW-hr/year) x (4 x10°) J/kW-hr ~ 60,000 x10°
~ 10" Jlyear.



So my guess was “only” off by a factor of 10.
Perfectly fine for an initial guess.




Going back to my original guess, the annual US energy
usage is ~ 1020 J/yr.

Most of that usage probably comes from industry, perhaps
100 times more than what households use. So, say
households use ~ 1078 J.

The US population is ~300 million.
I’ll assume, on average, this means
100 million, 108 ,households.




So, the annual energy usage per household across the USA
is~ 10713+ 108 =100 J/yr.

I’ll assume Arizona is in line with the USA average.

This is close to the estimate of ~ 1011 J
based on my monthly electric bill.

I’ll split the difference. My final estimate is ~ 5 x 10" J.



How did we do?

From the US Energy Information Administration website
http://www.eia.gov/tools/fags/faq.cfim?id=97&t=3

In 2012, the average annual electricity consumption for
a U.S. residential utility customer was 10,837 kW-hr.
Louisiana had the highest annual consumption

at 15,046 kW-hr and Maine the lowest at 6,367 kW-hr.

The order of magnitude estimate of ~15,000 kW-hr
for an average Arizona household is ok.



Energy: 110 Orders of Magnitude

Output over

human lifetime
One gallon
bl 4 of gasoline
Atomic bomb o S
«;O A i Al g Daily output human body; daily output of 100 W light bulb
|
h & Daily output human brain;
S daily output of 20 W light bulb

Airplane Lightning

1908 Tunguska event °
“ fuel
o bolt
1883 Krakatoa < Thunderstorm
Superman @ 1/2 light speed & One gram of fat
& ) 3 AN
XOZ 5 o o
o M T One Google Search
& .
Annual US consumption photon with wavelength 0)«02
Hurricane equal to size of A Sending one Tweet
%0 %0 _ observable universe
L 2 of/ AC powerline Well hit tennis ball
photon ell hit tennis ba
_ 1 Joule

6’&0[
One heartbeat

5

AM radio photon

Dinosaur
zz+0 L «iller 520} -
- meteorite
Dally solar energy TV photon
received by Earth " - 1002 M
pz+0 L | Fossil Fuel DVD laser viass-energy
left on Earth  4z-0} 7~ for one second in observable
universe
gz+0\r Cosmic Background photon H_oneybee 70~04
71,0\' Speed of room temperature air molecule in flight
Moons gz»co\’ Earth's Atomic binding energies Flying 7
orbital rotation mosquito O,
& X-rays G
g»c()\' Neuron  Cellto
0 to fire replicate ) 70,‘
Earth’s heat N ® Mass-energy of 6y
K \", S '  — 6 Virgo Supercluster
- § & 3 e 70,
Daily output of the Sun Jupiter binding S o ©
N energy Large cluster
binding energy
\"
Q %
o Z
Total output of 0,3\
& the Sun since birth @
q N
© < < 1 — ! = O&\
Mass-energy A3 ? S o 6‘ Q > Yearly light output
of Earth £ e Cf 3 D of the observable universe
o & o

Average  yearly light output
Supernovae  of the Milky Way



