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US Energy Flow Diagram
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Estimated U.S. Energy Use in 2009: ~94.6 Quads ug Lawrence Livermore

National Laboratory
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Source: LLNL 2010. Data is based on DOE/EIA-0384(2009), August 2010. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527

Source: https://flowcharts.linl.gov/
RSB



PlE

Precourt Institute for Energy
STANFORD UNIVERSITY

Terrestrial Environment

32

Scattering

+ 3.7 Tides

162000 Atmos i Ocean Thermal Gradient
pheric A -
° golar Absorption s 60waves . Wave —
adiation t-ef Ener ;
31000 870 Wind v Absorption 100 orec

| 0.36 5000

86000 41000 Evaporation 300 7.2 Hydro- Surface

Surface Incident ) Q0 5.4 electricity Reflection

43000 Surface Heating Clouds Rivers

Exergy resources of planet Earth (TW)

34000

Atmospheric Reflection

62500

Extra-Solar Radiation

0.06 wind Energy

3.5 Ocean Tides

\—»-) 0.0005 @l

90 Photosynthesis

30 Z]

Plants

Energy

e Solid Earth
0.2 Tides

Crustal Thermal

Methane Hydrate

Geothermal Energy 200 ZJ < 3.2 ¢c ] Uranium
=) 0.03 50 77 Gac as  1e10 ZJ peuterium

1.2 Traditional Biomass

0.016 solar Energy
0.15 Commercial Biofuels

0.04 carbon Buria'l 1000 ZJ oy 1
3.6 Coal Uranium Nuclear Fuel

5.0 oil 300 Z] )» 360000 ZJ

Thorium - Seawater

270 ZJ Coal
110 ZJ oil

Thermal  Kinetic E {) Natural Exergy Destruction ~ —@— Exergy Accumulation [Z1] (=1021 7)
Energy 1.5/ 7] 'd=@ uclear  Chemical =

Radiation Gravitational — Human Use for Energy Services

Exergy Flux [TW] (=1012 w)




PlE

Precourt Institute for Energy E Xe rg y

STANFORD UNIVERSITY

A Exergy is the useful portion of energy that allows us to do work and
perform energy services.

A Energy is conserved, but exergy is not.

Chemical
uel Vehicle
Propulsive
Work
Hot >
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A Exergy is available only in materials and flows we call resources and is
converted into exergy carriers convenient to use in our homes, vehicles,
and factories

A Exergy is calculated from thermodynamic properties of a substance relative
to the properties of a reference environment
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Data in the maps are of three types:

A Carriers are mediums through which exergy and/or
carbon flow through the system.
U The flow of exergy and carbon through carriers is

measured in units of watts (joules/second) and
kilograms/second, respectively.

A Transformations are processes by which exergy and

carbon are passed from one carrier to another. &

U Aloss of exergy is incurred due to inherent inefficiencies
of energy conversion but the total mass of carbon is
conserved throughout the system.

A Accumulations are stores of exergy and/or carbon,
measured in units of joules and kilograms, respectively.

U Maybe primary resources or intermediate stores

Data are available on the GCEP website at:
http://gcep.stanford.edu/research/exergycharts.htmi




== What resources can we use?
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Exergy is energy that can be converted to another Current Global Exergy Usage
useful form: electricity, mechanical work, or heat. Rate ~ 15 TW (0.5 ZJ per year)




Resources vs Reserves

A A resource estimate is always larger than what will be
recovered or converted for use 1 the resource is everything

A Areserve is always less than what is likely to be
recovered/converted over time T this is a fraction of the
resource that can be recovered at a given economic cost

A Example: crude oil. Resource estimates include fields still to
be discovered. Reserves are estimated initially based on
appraisal wells drilled. As new wells are drilled and production
experience is gained, reserves often grow.

A Dividing the resource estimate by current rate of use
overstates the time to depl et

A Dividing reserves by current rate understates it.

A Some resources may never be recovered (uranium in sea
water)
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Exergy sources scaled to average consumption in 2004 (15 TW)
From Hermann, 2006: Quantifying Global Exergy Resources, Energy 31 (2006) 134971 1366
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From Hermann, 2006: Quantifying Global Exergy Resources, Energy 31 (2006) 134971 1366
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All energy systems start with some primary energy resource and
convert it to some more useful energy service

All energy conversions are less than 100% efficient: well engineered
systems exceed 50% of theoretical max

Examplei | C aut omobi | es: primary r es
(~85%) Y internal combusti on32%)Nngi
Y wa st & whlléeoavheel efficiency14-27%

Conversions that preserve exergy have higher value

Average Conversion Efficiencies

Nuclear i 30% Coal 1 30-40% Natural Gas i 40-60% Wind 1 50% Solari 15%

Source: US EIA, http://www.eia.doe.gov/cneaf/electricity/epa/epata6.html
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Global Exergy and Carbon Flows

Global Exergy Accumulation, Flow, and Destruction
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