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See notes from MacKay and EIA on conversions when aggregating disparate energy sources.
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Smil’s “orange on the table” example:
((1kg)*(10((m/s)/s)) " (1m))/(1s)=
1 watt
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Smart phone use:

~10 watt-hour battery typical,
~10 hours active use =

~1 Watt

Apple battery capacities in Watt-hours
iPhone 8 Plus:10.28 Wh
https://images.apple.com/legal/more-resources/docs/apple-product-

information-sheet.pdf

Detailed phone energy analysis:
https://www.usenix.org/legacy/event/atc10/tech/full_papers/Carroll.pdf



https://www.usenix.org/legacy/event/atc10/tech/full_papers/Carroll.pdf
https://images.apple.com/legal/more-resources/docs/apple-product-information-sheet.pdf
https://images.apple.com/legal/more-resources/docs/apple-product-information-sheet.pdf
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Smart phone use:

~10 watt-hour battery typical,
~10 hours active use =

~1 Watt
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Koomey's law:
the number of computations
per joule of energy dissipated doubled
about every 1.57 years.

Professor Jonathan Koomey described
the trend in a 2010 paper in which he
wrote that "at a fixed computing load,
the amount of battery you need will fall
by a factor of two every year and a
half."

IEEE Annals of the History of
Computing, March 2010






TW

GW

MW

Small Device Charging

5 Volts * 2 Amps
~10 Watts

KW
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=

Laptop use
~100 Watt-hour battery / 10 hours =

~10 Watts

Apple battery capacities in Watt-hours
A1398 MacBook Pro 15” (2015) : 99.5 Wh
https://images.apple.com/legal/more-resources/docs/apple-product-
information-sheet.pdf



https://images.apple.com/legal/more-resources/docs/apple-product-information-sheet.pdf
https://images.apple.com/legal/more-resources/docs/apple-product-information-sheet.pdf
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Small electric scooter:
~100 Watts
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Medium-sized solar panel
~100 Watts

KW
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Human
2000 kilocalories / 1 day =

~100 Watts
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Small kitchen appliance in use:

~1000 Watts (1 kW)

1000W Microwave

1000W Toaster
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Average US whole-home electricity use:
~1000 Watts (1 kW)
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Average US whole-home electricity use:
~1000 Watts (1 kW)

Source: EIA “In 2016, the average annual electricity
consumption for a U.S. residential utility customer was
10,766 kWh, an average of 897 kWh per month.
Louisiana had the highest annual electricity
consumption at 14,881 kWh per residential customer
and Hawaii had the lowest at 6,061 kWh per
residential customer.”

S
US Average: Louisiana: &%
(10,800 kilowatt hours) / (1 year) = (14,900 kilowatt hours) / (1 year) =
1230 watts 1700 watts
@‘0
.. oOF
Hawaii: &

(6,000 kilowatt hours) / (1 year) =
685 watts


https://www.eia.gov/tools/faqs/faq.php?id=97&t=3

TW GW MW KW W

Average US whole-home electricity use:
~1000 Watts (1 kW)

(6,429 kilowatt hours) / (1 year) =
/33 watts
US Average: Louisiana:

(10,800 kilowatt hours) / (1 year) = (14,900 kilowatt hours) / (1 year) =
1230 watts 1700 watts

Hawaii:
(6,000 kilowatt hours) / (1 year) =
685 watts
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Average US whole-home electricity use:
~1000 Watts (1 kW)

US Average: -
(10,800 kilowatt hours) / (1 year) = 5 2 2
1230 watts 5

€211y 4Inos

. - - . - ,
‘nerdata via World Energy Council Shrink That Footprint
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Solar flux through 1 square meter”
~1000 Watts (1 kW)

*AM1.5 standard
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2-3m

2-3m wind turbine in strong wind
~1000 Watts (1 kW)

https://www.solar-electric.com/pika-
energy-t701-wind-turbine.html

https://www.emarineinc.com/
categories/Airdolphin-Marine-Wind-
Turbine-1000-Watt



https://www.emarineinc.com/categories/Airdolphin-Marine-Wind-Turbine-1000-Watt
https://www.emarineinc.com/categories/Airdolphin-Marine-Wind-Turbine-1000-Watt
https://www.emarineinc.com/categories/Airdolphin-Marine-Wind-Turbine-1000-Watt
https://www.solar-electric.com/pika-energy-t701-wind-turbine.html
https://www.solar-electric.com/pika-energy-t701-wind-turbine.html
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Large root covered in solar panels
~10kW peak output
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300 Amp welder
~10kW

http://www.lincolnelectric.com/en-us/support

process-and-theory/Pages/inverter-power-detail.aspx


http://www.lincolnelectric.com/en-us/support/process-and-theory/Pages/inverter-power-detail.aspx
http://www.lincolnelectric.com/en-us/support/process-and-theory/Pages/inverter-power-detail.aspx
http://www.lincolnelectric.com/en-us/support/process-and-theory/Pages/inverter-power-detail.aspx
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Personal Share of All US Energy

-~ Consumption:.» :
100 Quadrrlhon BTUS/ 1 year/ 3&I\/I|Illon people

Y f iy ~10kW
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100 W

“Every person in the United States uses energy
as if they had 100 personal servants at their

beck and call”
- Obama Energy Secretary Steven Chu in 2009
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15.000.000.010,000

100 W
x100

“Every person in the United States uses energy as if they had 100 personal
servants at their beck and call” - Obama Energy Secretary Steven Chu in 2009
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100 W
X 8

INDIA 38

“Every person in the Linitea-8tates uses energy as if they had 160 personal

servants at their beck and call”
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Stop here for today,
Jeft
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Output power of the Kia Rio
~100kW (130 hp)
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Output power of the Bugatti Chiron WQ w Z\E

~1MW (1400 hp)
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Input laser power for EUV lithography —@H<%> ﬂ.' Z\E

Handler for moving and storing masks Active mask is exposed to EUV light First scanner mirror

|
|

ASML

Mask entrance
and exit

Track system attached
to EUV scanner
coats wafers before

exposure and handles
wafers after exposure

Wafer handler moves wafers
in and out of system Wafer is measured Wafer is exposed EUV light source

https://spectrum.ieee.org/semiconductors/devices/leading-chipmakers-eye-euv-lithography-to-save-moores-law
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“Smallest” utility-scale wind turbine
~1-2 MW

GE 1.7/100:
80m hub height
100m diameter

1,000,000
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10,000,000

NYU's Mercer CoGen facility W1 @ Z\E

~10MW (13.4MW)
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Most powerful jet engine
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Peaker power plant, coal-natural gas conversion
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Ré‘v’éﬁs*wood No. 3, aka “B|g Ad“Hj”-"*—‘-‘ﬁ
World's first 1GW generator, Queens NY
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World's largest hydroelectric dams
~10GW
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10,000,000,000

World's largest hydroelectr
~10GW
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4 The Space Shuttle at liftoft
~10GW

image: nasa, data: “Power Of A Space Shuttle”, Staverie Bodouris
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Countries!
(or large states)
~10GW

3 Quads /1 year = ~10GW

> “‘ *

Sudan Croatia Puerto Rico

Source: eia.gov global total primary energy consumption by country


http://eia.gov
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INTERNATIONAL ENERGY STATISTICS

Total Primary Energy Consumption

VISUALLZATION LEGEND ANIMATE UVER TIME
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Source: eia.gov global total primary energy consumption by country
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Source: eia
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This app

prmtpd from the Annual Enargy Review 2010. EIA continues to review alternative options for accounting for
‘ynwg nsumption and related losses, such as those associated with the generation and distribution of electricity.

|, Introduction

This year, the US. Epergy Inforestion Administration (ZIA) has exam:ned JdilTerent
ways to represent energy consumption in the Annwal Energy Review (AER). This
examination centered on two methods for representing related aspecis of energy
consumption and losses. The first is an alternative method for deriving the energy
comient of noncombustible renewable resources, which has >¢en mmolemented in
AER 2010 (Table 1,31, The sccond 15 @ new representat:on of dehivered total encrgy
and enerzy losses.

This aopendix provides an explanation of these alemative owthods.  Seclion 11
provides a background discussion of the alternatives and the ressons for considering
these changes 1o the energy balance presantation. Secticn 111 idenrifies tha specific
changes incurporated in AER 2010,

Il. Background

Alternative Approaches for Deriving Energy Contents for
Noncombustible Renewables

CIA compiles data on mest enerey sources in phys:cal units, such as bamels and
cahic  feet, primary  encrgy
aggregation, EIA converts date Jor twese energy sources W the common wml of
Fricieh Ywanai vnis (Blu), a measene G Iy hased oo tlee (henmed conversion of

n order to caleulae total corsu n;nirn-. Before

Ll lb'{ resomees 1o bheal (I p s

withvut fuel combusion, there are no set Blu conversion facors for these energy
sources.,

In the past, ELA has represanted hycroelectric, sclar, and wind energy consumed for
ckectric peneration as the amount of energy it would require, on average, to produce
&n equivalent numkber of gilowatthours (kWh) of electricity using foss:] fuels. In this
epoendix, this approach s reforrec to as the "tossil-tuel equivalency™ approech, For
the remaining nencorbustible renewakle resousce, geothermal crergy, cacrgy
consumed for electricity generation has been hased on estimates of plant effickencics
in converting geothermal energy to electricity

The fossil-fuel equivalency approzch evolvad in an era when the primary goal of
U.S. energy policy was reducing dependence on imporied petrcleum and when a
significen: amount of electricity was generated using fuel cil. It wes imended o
indicate the amoun: of fossil energy displaced by the renewable energy source. But
fuel oil is nc longer usad 1o penerate electricity to a substantial cegree and the
intcrmational commumity largely uscs a diffcront approech, app.ying the consiant
conversion factor of 3,412 Btw'kWh. In addition, using a scparate approach for
geothermal gencration may distort the anelysis of the relative share of this
generation resource.  EIA 2lso has a desie to better aceount for energy losses and
eMciacy. For these reasons, ETA considerad three altervative methods (or deriving
the energy comtents for noncombustible renewables, designated here as the
fossil-fael equivalency, captured energy, and incident energy approaches

Fossil-Fuel Equivalency Approach

o i N ™y a I I R LI S B LR T B S


http://eia.gov
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“THIS BOOKIS A
TOUR DE FORCE ...
AS A WORK OF
POPULAR SCIENCE
IT IS EXEMPLARY”

“THIS IS TO
ENERGY AND CLIMATE
WHAT FREAKONOMICS

ISTO ECONOMICS.”

SUSTAINABLE §

WITHOUT THE HOT AIR §

ENERGY-

David JC MacKay
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Countries!
~100GW

3 Quads / 1 year = ~100GW
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Venezuela Egypt Pakistan

Source: eia.gov global total primary energy consumption by country


http://eia.gov
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Countries!
~1TW

30 Quads /1 year = ~1TW

Russia India

Source: eia.gov global total primary energy consumption by country


http://eia.gov
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No single country! —
~1OTW’ R 300 Quads /1 year = ~10TW

Source: eia.gov global total primary energy consumption by country


http://eia.gov
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