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6 ENERGY USE AND EMISSIONS RESULTS

This section presents the energy use and emissions results for various vehicle technologies,
as calculated by using the GREET model. In calculating fuel-cycle emissions, a 2000 model-year
(MY) passenger car is assumed. We have also assumed that the baseline 2000-MY car fueled with
RFG meets federal Tier 1 standards. While many of the assumed vehicle technologies for the
2000 MY are mature, others — including EVs, HEVs, and FCVs — are not. Immature fuel
production technologies include woody biomass to ethanol and herbaceous biomass to ethanol.

To approximate life-cycle emissions for the assumed 2000-MY car, fuel-cycle emissions
are calculated in calendar year 2005. By 2005, the 2000-MY car should accumulate about half of
its lifetime vehicle miles traveled (VMT). Emissions from the 2000-MY cars in 2005, then,
represent the approximate average of the car’s lifetime emissions. For HEVs, we assumed that half
of their vehicle miles are traveled using energy generated from the on-board gasoline engine, and
the other half with grid electricity. Even in 2005, combustion technologies both with and without
emission controls can be applied to many upstream stages. Where uncontrolled technologies are
applicable, we assumed that 80% of combustion technologies are controlled and the remaining 20%
are uncontrolled. Table 10 presents calculated per-mile energy use and emissions for all vehicle
technologies included in the GREET model. Note that in the table, a negative number indicates an
emissions saving credit.

Figures 4 through 12 show changes in fuel-cycle energy use and emissions of various
transportation fuels relative to those of RFG. Data for these figures are presented in tabular form
in the appendix. Figure 4 shows changes in fuel-cycle total energy use. Use of ethanol and NG-
based methanol in internal combustion engines causes a 15-35% increase in total energy use. These
increases are caused primarily by the significant amount of energy lost during ethanol and methanol
production. On the other hand, use of FCVs fueled with methanol or hydrogen; HEVs; EVs; and
internal combustion engines fueled with landfill gas-based methanol, CNG, LPG, and clean diesel
results in decreases in fuel-cycle total energy consumption. Large decreases in energy use result
from using FCVs, HEVs, and EVs. The decreases in energy use for CNG, LPG, and landfill gas-
based methanol are caused mainly by the high conversion efficiencies during production of these
fuels. The decreases in energy use for diesel, EVs, HEVs, and FCVs are caused by the high energy
efficiencies of these vehicle technologies.

Figure 5 presents changes in fossil fuel consumption (by use) for each fuel or vehicle type.
Fossil fuel consumption here includes consumption of petroleum, NG, and coal. With the exception
of NG-based methanol, use of other fuels or vehicle types results in decreased fossil fuel
consumption. The largest reductions in fossil fuel consumption occur when landfill gas-based
methanol and herbaceous biomass-based ethanol are used, simply because of the non-fossil
feedstocks used to produce these fuels. Use of HEVs, EVs, and corn-based ethanol reduces fossil
fuel consumption only moderately. Note that use of woody biomass-based E100 helps achieve a
greater-than-100% reduction in fossil fuel use; this is because the electricity credit produced from
converting woody biomass to ethanol saves more fossil fuel than is used for other fuel-cycle
activities.
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Figure 6 shows petroleum displacement by fuel and vehicle technology. Use of each fuel
and vehicle type results in reductions in petroleum use compared with the baseline GV. Except for
clean diesel, these fuels or vehicle technologies achieve large reductions in petroleum use. So, using
these fuels or vehicle technologies is an effective way to reduce petroleum consumption by light-
duty vehicles.

Figure 7 presents changes in both all-location and in-basin VOC emissions. Use of each
fuel and vehicle technology helps reduce fuel-cycle VOC emissions in all locations and in
metropolitan areas. Use of FCVs, HEVs, EVs, CNG, LPG, and clean diesel results in significant
VOC emission reductions. Use of EVs and hydrogen FCVs almost eliminates VOC emissions.
Ethanol and methanol use achieves moderate VOC emission reductions.

Figure 8 shows that use of the subject fuels or vehicle technologies helps reduce both all-
location and in-basin fuel-cycle CO emissions. Hydrogen FCV and EV use almost eliminates CO
emissions in all locations and in metropolitan areas. Use of methanol FCVs, HEVs, and clean diesel
results in significant CO emission reductions. Use of ethanol, methanol, CNG, and LPG results in
moderate CO emission reductions.

Figure 9 indicates that NO, emissions can decrease or increase, depending on the fuels or
vehicle technologies used. Use of clean diesel causes increases in both all-location and in-basin NO,
emissions. Use of herbaceous biomass-based and corn-based ethanol, methanol, CNG, and LPG
causes increases in all-location NO, emissions, while use of these fuels helps reduce in-basin NO,
emissions. NO, emission changes caused by using biomass-based ethanol, landfill gas-based
- methanol, CNG, and LPG are small. Use of FCVs, HEVs, and EVs helps reduce both all-location
and in-basin NO, emissions; in-basin NO, emission reductions are higher than the all-location
reductions.

Figure 10 shows a large variation in changes for fuel-cycle PM,, emissions. Use of clean
diese] causes an increase of about 200% in all-location or in-basin PM,, emissions. Use of ethanol
can increase all-location PM,, emissions by two to seven times, but it still results in reductions in
in-basin PM,, emissions. The dramatic increases in all-location PM,, emissions by using ethanol
result from the large amount of PM,, emissions generated during feedstock pretreatment and
ethanol production at ethanol plants. Use of methanol, CNG, LPG, and hydrogen FCVs helps reduce
both all-location and in-basin PM, ;, emissions. Use of HEVs and EVs results in reductions of in-
basin PM,, emissions, but such use generally causes increases in all-location emissions. Use of
landfill gas-based methanol results in reductions between 150% and 250%; these reductions are
caused by significant PM, , emissions that are generated from burning of landfill gases but are offset
by methanol production.

Figure 11 shows that all-location SO, emissions are increased with the use of HEVs, EVs,
and vehicles powered by corn-based ethanol and landfill gas-based methanol. However, use of these
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fuels or vehicle types still results in decreased in-basin SO, emissions. Use of FCVs, biomass-based
ethanol, NG-based methanol, CNG, and LPG reduces both all-location and in-basin SO, emissions.
Use of clean diesel causes increases in in-basin SO, emissions but has little impact on all-location
SO, emissions. SO, emission reductions caused by using biomass-based ethanol are a result of the
electricity credit earned for biomass-ethanol plants. An SO, emission credit (from the electricity
credit) is calculated from the amount of electricity generated and the average SO, emissions of the
U.S. electric generation mix. Because of the SO, credit, using biomass-based ethanol results in a
decrease in all-location SO, emissions of greater than 100%. Use of landfill gas-based methanol also
results in a greater-than-100% reduction in in-basin SO, emissions; this is a result of the emission
credit for converting landfill gas to ethanol, which prevents the SO, emissions that are otherwise
produced from burning landfill gases.

Figure 12 shows changes in GHG emissions as GWP-weighted emissions of CO,, CHy,
and N,O. Except for use of NG-based methanol, where GHG emissions are slightly increased, use
of all fuels and vehicle technologies helps reduce GHG emissions. The largest reductions occur for
methanol produced from landfill gases. In fact, use of landfill gas-based methanol results in 150-
200% reductions in GHG emissions. These reductions are caused by the CO, and CH, emission
credits earned by converting the landfill gas to methanol — preventing emissions that would
otherwise be produced from burning landfill gases directly. Large GHG emission reductions are
achieved by using FCVs, HEVs, EVs, and ethanol. Emission reductions by these fuels or vehicle
types are a result of more energy-efficient vehicles and/or use of renewable feedstocks for fuel
production. Use of CNG, LPG, and clean diesel results in small GHG emission reductions.

The results presented in this section rely heavily on the assumptions made in the GREET
model regarding the energy efficiencies of fuel-cycle stages, emission controls for combustion
technologies, vehicle fuel economy and emission performance, ratio of in-basin and out-of-basin
facilities, and many other factors. Changes in these assumptions will lead to different results in fuel-
cycle emissions and energy use. However, the results presented here indicate general trends in
relative emissions and energy uses for different fuels and vehicle types.



