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Foreword

This report isarevision to a previous Argonne National Laboratory report entitted GREET 1.0
— Transportation Fuel Cycles Model: Methodology and Use (dated June 1996). The 1996
report documented the methodol ogies, key assumptions, and results of the development and use
of thefirst version of the Greenhouse Gases, Regulated Emissions, and Energy Usein
Transportation (GREET) fuel-cycle model developed at Argonne National Laboratory. Since
then, the GREET 1.0 model has been significantly expanded and improved. The model has
evolved into three modules (each comprising a series of versions): the first module covers fuel-
cycle energy and emissions of passenger cars and light-duty trucks (GREET 1.1, GREET 1.2,
etc.); the second covers vehicle-cycle energy and emissions of passenger cars and light-duty
trucks (GREET 2.1, GREET 2.2, etc.); and the third module covers fuel-cycle energy and
emissions of heavy-duty trucks (gross vehicle weight over 8,500 pounds) (GREET 3.1,
GREET 3.2, etc.).

In September 1998, GREET 1.4 was released with a draft report documenting its
development. The model was posted at Argonne' s transportation website at
www.transportation.anl.gov/ttrdc/publications/papers reports/techassess'ta papers.html, and the
draft report was sent to reviewers for comment. Since then, significant revisions and expansions
have been made to both the report and the model. The current version of the 1-series model is
GREET 1.5. This report documents the development and use of GREET 1.5. It includes portions
of the 1996 report that have few changes (e.g., the introduction and review of previous fuel-
cycle studies) to eliminate the need for readers to refer to the previous report. It also reflects
reviewers comments on the August 1998 draft report.

This report is separated into two volumes. Volume 1 presents GREET 1.5 devel opment and
use and discussions of fuel-cycle energy and emission results for passenger cars. Volume 2,
comprising four appendices, presents detailed fuel-cycle results for passenger cars, light-duty
trucks 1, and light-duty trucks 2.
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Abstract

This report documents the development and use of the most recent version
(Version 1.5) of the Greenhouse Gases, Regulated Emissions, and Energy Use
in Transportation (GREET) model. The model, developed in a spreadsheet
format, estimates the full fuel-cycle emissions and energy use associated with
various transportation fuels and advanced vehicle technologies for light-duty
vehicles. The model cdculates fuel-cycle emissions of five criteria pollutants
(volatile organic compounds, carbon monoxide, nitrogen oxides, particulate
matter with diameters of 10 micrometers or less, and sulfur oxides) and three
greenhouse gases (carbon dioxide, methane, and nitrous oxide). The model aso
caculates total energy consumption, fossil fuel consumption, and petroleum
consumption when various transportation fuels are used. The GREET mode
includes the following cycles: petroleum to conventiona gasoline, reformulated
gasoline, conventional diesdl, reformulated diesdl, liquefied petroleum gas, and
electricity viaresidua oil; natural gas to compressed natural gas, liquefied
natural gas, liquefied petroleum gas, methanol, Fischer-Tropsch diesdl, dimethyl
ether, hydrogen, and eectricity; coal to eectricity; uranium to eectricity;
renewable energy (hydropower, solar energy, and wind) to electricity; corn,
woody biomass, and herbaceous biomass to ethanol; soybeans to biodiesd!;
flared gas to methanol, dimethyl ether, and Fischer-Tropsch diesel; and landfill
gases to methanol. This report aso presents the results of our analysis of fuel-
cycle energy use and emissions associated with aternative transportation fuels
and advanced vehicle technologies to be applied to passenger cars and light-duty
trucks.






Section 1
Introduction

Alternative transportation fuels and advanced vehicle technologies are being promoted to
help solve urban air pollution problems, reduce greenhouse gas (GHG) emissions, and relieve
U.S. dependence on imported oil. To accurately and adequately evaluate the energy and
emission effects of aternative fuels and vehicle technologies, researchers must consider
emissions and energy use from upstream fuel production processes as well as from vehicle
operations. This research area is especialy important for technologies that employ fuels with
distinctly different primary energy sources and fuel production processes, for which upstream
emissions and energy use can be significantly different.

Studies were conducted to estimate fuel-cycle emissions and energy use associated with
various transportation fuels and vehicle technologies. The results of those studies were
influenced by the assumptions made by individua researchers regarding technology
development, emission controls, primary fuel sources, fuel production processes, and many other
factors. Because different methodologies and parametric assumptions were used by different
researchers, it is difficult to compare and reconcile the results of different studies and to conduct
a comprehensive evauation of fuel-cycle emissions and energy use. Computer models for
calculating emissions and energy use are needed to alow analysts and researchers to test their
own methodol ogies and assumptions and make accurate comparisons of different technologies.

The Center for Transportation Research at Argonne National Laboratory has been
conducting fuel-cycle analyses for various transportation fuels and vehicle technologies for the
past 15 years. In 1996, with funding from the U.S. Department of Energy’s (DOE’ s) Office of
Transportation Technologies, Argonne developed a spreadsheet-based fuel-cycle model. The
goa was to provide a ssimple computer tool that would alow researchers to evauate fue-cycle
energy and emission impacts of various transportation technologies. Since its creation, the model
has been used extensively by researchers at Argonne and other ingtitutions to calculate the fuel-
cycle energy requirements of and emissions from various aternative transportation fuels and
advanced vehicle technologies. The modd has evolved significantly since its introduction.

This report describes the development and use of the latest version of the Greenhouse
Gases, Regulated Emissons, and Energy Usein Trangportation (GREET) model (Version 1.5).
The GREET 1.5 modd calculates, for a given fuel/transportation technology combination, the
fud-cycle emissions of five criteria pollutants: volatile organic compounds (VOCs), carbon
monoxide (CO), nitrogen oxides (NOy), sulfur oxides (SOy), and particulate matter with
diameters of 10 micrometers or less (PM;0). The mode aso calculates the fuel-cycle emissions
of greenhouse gases — primarily carbon dioxide (CO,), methane (CH,), and nitrous oxide
(N20) — and the fuel-cycle consumption of total energy, fossil fuel, and petroleum. The model
is designed to alow researchersto readily input their own assumptions and generate fuel-cycle
energy and emission results for specific fuel/technology combinations.
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This report comprises two volumes. Volume 1 addresses three areas of GREET
development and use: (1) review of past and ongoing fuel-cycle studies; (2) methodologies,
parametric assumptions, and data sources for the assumptions used in the GREET model; and
(3) fud-cycle energy and emission results for various fuel/technology combinations for
passenger cars, as calculated by using the GREET mode. Volume 2 contains four appendices

that provide detailed fuel-cycle energy and emission results for passenger cars, light-duty
trucks 1, and light-duty trucks 2.
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