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Estimated U.S. Energy Use in 2008: ~99.2 Quads National Laboratory

Net Electricity
Imports

Solar 0.01
0.09

Electricity i 27.39
Generation A
39.97 \ Rejected

B Energy

57.07

Residential
11.48

Industrial
23.94

Trans-
portation
27.86

Source: LLNL 2009. Data is based on DOE/EIA-0384(2008), June 2009. 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







Table 5. U.S. Carbon Dioxide Emissions from Energy and Industry, 1990-2008
(Million Metric Tons Carbon Dioxide)

Fuel Type or Process | 1990 | 1995 2000 | 2002 | 2003 | 2004 | 2005 2006 2007 | 2008
Enerqy Consumption E i ‘:
1 : .
1 : - ) 1,195 1,176.1
]
: - { : 13.0 1.7 11.4 11.5
! 53023} 58504 ) 5789.6 58386 59525 59743 5,814.4
i 91 09.81 103.7 101.7 110.8 7 100.2
: 1 ] 156 4 1
1} 1
' Energy 3.1 E 61.7 E -38.2 8.7 14.6 8.8 -79.0
Adjusted Energy Subtotal. .. .. i 5,239.1 | 5788.7 | 5,751.4 58099 5907.9 59255 5,735.5
Other Sources 8511 1023% 9781 977 98.9 102.0 103.5 103.8
' |} '
PO 51 s i S S SS 5,022.3 : 53415 5886.4: 5849.1 59088 6,009.9 6,029.0 5,839.3
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C,35-Hg-OgNS (bituminous)
C,40H90O,4NS (anthracite)

Coal Is mined in anthracite, bituminous, sub-
bituminous, and lignite forms. These forms all have
different, but similar chemical composition.

SO,, NO,, Particulates, Mercury




More Coal Emissions

® |[ncomplete e C(s)+CO,(g)->2CO

combustion: (),
e Nitrogen also * N(s) +0,(g)->NO,
released from ©)
nitrogen present in N (s) -> N, (q)
coal.

e Also Sulfuris
released, mainly * S+0,->50,
from sulfur-rich coal
from Appalachia



When combustion occurs, methane
., turns into CO, and H,0O. When

Natural gas is a mixture of released into the atmosphere as
. hydrocarbons such as methane JEE®{y I SER2{0811To](Relo](<ToIfF:]
. (CH,, 80%), ethane (C,H;, 7%), SEEs|(=ISlalalo]IEINELS
, propane (C;hg, 6%), butane
(C,Hyo, 4%), and pentane Y Due to incomplete combustion, CO is
(CsH4,, 3%). It also can include certainly produced from burning any
CO,, helium, hydrogen sulfide, JEa\Yel(ele=1jee]gH
and nitrogen. -
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C-H;; + 110, 7CO, + 8H,0 + energy
2 C4H10(9) + 13 O,(g) -> 8 CO,(9) + 10 Hyg

Gasoline can be a mix of hydrocarbons from | \
- Cg mixes to Cyg. | \=

CHs

HsC  CHs
H3C/ \C/ \H\CHs

Ho

e

Gasoline is mixed with different octances. For example, 87-octane
gasoline would be 87% volume iso-octane
(2, 2, 4-trimethylpentane) and 13% heptane.
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Wind Turbines

Cradle to Grave Lifecycle Analysis

Fossil fuels




Life Cycle Assessment for Wind Turbine

v

Waste scenario
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Figure 3. Model for wind rurbine in SimaPro




Wind Turbin

Cradle

. Total of 7405 MWh of electr|C|ty
are needed

Steel production

Glass fibre, reinforced plastic
Cast iron

Copper

Aluminum

Concrete (on site)

Transportation and erection
(5382 kg diesel)

Maintenance emits little,
except from transportation

90% of steel and cast iron Is
recycled

90% of copper is recycled

100% of glass products are
Incinerated

100% concrete is land filled

Transportation emissions



Difference In
emissions and
resource use
with different
energy sources.
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If the production and erection of wind turbine
eventually powered by wind turbines, the net impact
of new turbines will be next to negligible, especially

when it comes to atmospheric effects.




SolarPV &
Concentrated
Solar

“In the best case scenario, one square meter of
solar cells carries a burden of 75 kilograms of
CO2. In the worst case scenario, that becomes 314
kilograms of CO2. With a solar insolation of 1,700
kWh/m?/yr an average household needs 8 to 10
square meters of solar panels, with a solar
insolation of 900 kWh/m?/yr this becomes 16 to
20 square meters. Which means that the total
CO2 debt of a solar installation is 600 to 3,140
kilograms of CO2 in sunny places, and 1,200 to
6,280 kilograms of CO2 in less sunny
regions. These numbers equate to 2 to 20 flights
Brussels-Lissabon (up and down, per
passenger).”

- Low Tech Magazine
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