Global Energy Flows and
Bioenergy: A Systems Thinking
Problem Space
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Global Energy Flows

> Where do we get our energy?
= (What are our sources?)

> How do we use it?

=  (What are our sinks?)

> What are the energy flows from these
sources to these sinks?

> Bioenergy?
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Global Energy Sources

Biomass
10.2%

Nuclear
Hydro 2.6% 10.2%

Wind 0.3%
Solar 0.2%

Source: LLNC World
Energy Flowin 2011, US
Department of Energy
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Global Energy Sinks

Losses
25.3%

Buildings
23.9%
Industrial

29.8%

Source: LLNC World
Energy Flow in 2011, US
Department of Energy
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Global Energy Sources

How do we get
from source to
sinks?

Wind 0.3%
Solar 0.2%

Source: LLNC World
Energy Flow in 2011, US
Department of Energy

Global Energy Sinks

Losses
25.3%

Buildings
23.9%

Industrial
29.8%

Source: LLNC World
Energy Flow in 2011, US
Department of Energy
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Wind (2)
Geothermal (3)
Solar (1)

Hydro (13)

Global flows of energy associated with human activities
(Adapted from LLNC World Energy Flow in 2011)

Nuclear (28)

Biomass (52)

Coal (149)

Gas (108)

0il (152)
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Wind (2) Global flows of energy associated with human activities

Geothermal (3) == (Adapted from LLNC World Energy Flow in 2011)
Solar (1) —
Hydro (13) []
Nuclear (28) . Losses (143)
Biomass (52) l
Coal (149) Buildings (117)
Gas (108)
Industry (145)
0il (152)
Transport (103)
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Wind (2)

— Global flows of energy associated with human activities
Geothermal (3) == (Adapted from LLNC World Energy Flow in 2011)
Solar (1) — Electricity (210)
Hydro (13) []
Nuclear (28) - Losses (143)
Biomass (52) .
Coal (149) Buildings (117)
Gas (108)
Industry (145)
0il (152)
Transport (103)
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Wind (2) Global flows of energy associated with human activities

Geothermal (3) = (Adapted from LLNC World Energy Flow in 2011)
lar (1) —
Solar(1) Electricity (210)
Hydro (13) [
Nuclear (28) . Losses (143)
Biomass (52) .
Coal (149) Buildings (117)
Gas (108)
Industry (145)
0il (152)
Transport (103)
Units are in Exajoules (EJ) per year [N
) ENERGY BRocmircnmt, GREAT LAKES BIOENERGY ﬁ




Wind (2) Global flows of energy associated with human activities

Geothermal (3) (Adapted from LLNC World Energy Flow in 2011)
lar (1
Solar (1) Electricity (210)
Hydro (13)
Nuclear (28) Losses (143)
Biomass (52)

Coal (149) Buildings (117)
Gas (108)
Industry (145)
0il (152) —
Transport (103)
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Trees & Shrubs

Agriculture
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Global biomass flows of energy associated with human activities

Great Lakes Bioenergy Research Center, glbrc.org/education
(Adapted from United Nations IPCC 4th Assesment Report, Climate Change 2007)

Traditional Solid
Fuelwood, Charcoal, Straw, etc

35

Modern Solid
(Pellets, Woodchips)

Modern Liquids
(Ethangl, etc)
1

Modern Gas
(Biogas)
1.8

Units are in Exajoules (EJ) per year
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Biomass Energy Use by Country

Source Data: Earth Trends Data Tables: Energy Consumption by Source, 2005.
http://earthtrends.wri.org/datatables/index.php?theme=6
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% of Total Energy Use From Biomass
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B Lawrence Livermore
Estimated U.S. Energy Use in 2014: ~98.3 Quads S Na‘{\i,;ng| Latl)\(’)rg::)r;,

Net Electricity

) Imports
Solar 0.170 p )
0.427
12.4
Nuclear Electricity 25.8
8.33 Generation
2.44 384 Rejected
‘ Energy
Yar \ 59.4
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1.73 ||
| Residential
0.159 0.252 _ iden
.20
0.0197
= Commercial
8.93
Industrial
24.7
Trans-
portation
27.1

Petroleum
34.8

Source: LLNL 2015. Data is based on DOE/EIA-0035(2015-03), March, 2014. 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
consumption of renewable resources (i.e., hydro, wind, geothermal and solar) for electricity 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 65% for the residential and commercial sectors 80%
for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of comp 1ts due to independent rounding. LLNL-MI-410527
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100 Supplies of Energy Used by the
US From 1800 - Present

\IWO od Data Source:
Cutler (2008). "Ten fundamental principles of net energy." Encyclopedia of Earth.
\ http://www.eoearth.org/article/Ten_fundamental_principles_of_net_energy
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2030 IPCC “Predicted” Global Energy
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Supplementary Slides
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U.S. Electrical Energy Flow
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Wind (2)
Geothermal (3)
Solar (1)

Hydro (13)

Nuclear (28)

Biomass (52)

Coal (149)

Gas (108)

0il (152)
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Global flows of energy associated with human activities
(Adapted from LLNC World Energy Flow in 2011)
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Napoleon’s 1812 — 1813 March on
Russia Sankey Diagram
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For more information visit our website:
http://www.qglbrc.org/education
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