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WhatGreenCar Vehicle Ratings Methodology (North America)

1 Methodology overview

In the case of road transport, air borne emissions are generated during both the fuel and vehicle
cycles —i.e. as a result fuel production, vehicle manufacture, vehicle operation, and vehicle
recycling/disposal. These emissions can be categorised as either direct, produced during operation of
the vehicle, or as indirect, being generated during the production of the fuel, and the manufacture
and disposal of the vehicle.

Any assessment of vehicle emissions must include direct emissions, as for most powered vehicles,
these form the majority of total emissions. A more thorough analysis, however, needs also to include
indirect emissions, as these form a significant proportion of total emissions generated — in the case
of light-duty vehicles, indirect emissions account for around 10%-15% of life cycle emissions.
Furthermore, in cases where electric vehicles are used all emissions associated with these modes are
produced upstream at the power station, and are therefore classed as indirect.

Figure 1 Road vehicle fuel and vehicle cycles
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Only analyses that include indirect emissions are able to compare life-cycle emissions for a large
range of vehicle fuels (e.g. gasoline, diesel, biofuels, natural gas) and vehicle technologies (e.g.
combustion engines, battery-electric and hybrid-electric vehicles). The analysis conducted by
WhatGreenCar, therefore, includes both the fuel and vehicle cycles (as indicted by the ‘tick’ marks in
Figure 1) and is able to compare the environmental impacts for a range of vehicle fuels and vehicle
technologies.

Due to the importance of air emissions in the context of road transport, WhatGreenCar’s analysis
focuses exclusively on quantifying the extent and impacts of life cycle air emissions arising from the
fuel and vehicle cycles.' The emissions analysed include the gaseous pollutants: carbon monoxide
(CO), oxides of nitrogen (NOx), non-methane organic gases (NMOG), particulates (PMs), sulphur
dioxide (SO,) and nitrous oxide (N,0); and the three main greenhouse gases associated with road
transport: carbon dioxide (CO,), methane (CH,4) and nitrous oxide (N,O).

! Note that secondary impacts are not quantified — these include: impacts associated with the construction of energy
generating, refinery, process plants, road infrastructure, changes in land use, resource depletion and waste disposal.
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The methodology employed by WhatGreenCar includes a comparison of the life cycle emissions
generated for each of the vehicles assessed (i.e. it includes an emissions inventory). In this respect,
the methodology follows a similar approach to the North American GREET project’ and the European
Well-To-Wheels Analysis of Future Automotive Fuels and Power-trains.?

In contrast to the majority of other vehicle fuel/technology assessments, the methodology also
quantifies the environmental impact of the pollutants generated. This is achieved by the use of the
Car Environmental Rating Tool developed by the European Cleaner Drive Programme.
WhatGreenCar’s methodology is, therefore, a comprehensive life cycle impact assessment —and is
similar to the approach previously used for the recent UK project Life Cycle Assessment of Vehicle
Fuels and Technologies.*

2 Fuel cycle methodology

In the case of most liquid and gaseous vehicle fuels, the fuel cycle includes the following processes
during which energy is consumed and emissions are generated:

I Feedstock production — production of the raw materials in order to obtain the fuel needed;

I Feedstock transport —raw materials are transported to refineries or processing plants;

9 Fuel production — refining/processing of the raw materials into standard fuel;

I Fuel distribution — distribution of the fuels to fuel stations;

I Fuel use — consumption of fuel during vehicle operation.

For gasoline and diesel, the feedstock production and distribution stages involve the extraction and
separation of crude oil or gas, gas flaring and venting, and the use of gas turbines to provide on-site
power where required. After transport by tanker or pipeline to the refinery, the crude oil undergoes
simple distillation with the possible addition of fluid catalytic cracking or hydro-cracking processes to
maximise the yield of useful distillation products. In most cases these are then distributed by pipeline
to a terminal and then by road tanker to fuel stations for use.

For battery electric vehicles, electricity is generated using fossil fuels, nuclear fuel or renewables.
When fossil fuels are used, energy and emissions are generated during the extraction, transport and
processing of the fuel feedstock. These fuels are then used in coal-fired, oil-fired or gas-fired
generating stations. For nuclear electricity, uranium must first be mined, then enriched and
processed into a form suitable for the reactor type. Excluding the construction and infrastructure
environmental impacts, renewably generated electricity (from solar, wind and hydro-electric sources)
produces virtually no emissions during the generation stage. Whichever sources are used to generate
electricity, further energy losses occur during transmission to point of use.

For all vehicle fuels, upstream fuel production emissions are calculated using published data quoted
on an energy delivered basis (grams/GlJ) for the following emissions: CO, NMOG, NOx, PMs, SO,, CO,,
CH,, and N,0. For vehicles used in the US, data is sourced exclusively from the North American
GREET model. These values are then multiplied by vehicle fuel economy (MJ/mile), and a unit
conversion factor to give the production emission in grams/mile.

? GREET 2.7 —The Transportation Vehicle-Cycle Model. URL:
http://www.transportation.anl.gov/software/GREET/index.html

* Well-To-Wheels Analysis Of Future Automotive Fuels And Power-trains In The European Context. Report by Concawe,
Eurcar and the EU Joint Research Centre, 2006.

* Life Cycle Assessment of Vehicle Fuels and Technologies. Conducted by WhatGreenCar on behalf of the London Borough
of Camden, 2006.
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For light-duty vehicles (passenger cars) that are powered by gasoline, diesel or biofuels, estimates for
vehicle fuel economy are sourced from the Environmental Protection Agency (EPA) which provides
‘test’ and ‘guide’ fuel economy data (in US miles-per-gallon) for all new cars available in the US.?
Estimates of tailpipe emissions generated during vehicle operation are sourced from the California
Air Resources Board (CARB)® and the Environmental Protection Agency (EPA) both of which publish
NOx, NMOG (Non-methane organic compounds), PM, CO emission data for all new cars available in
the US.” The emissions data used for this assessment is taken from measurements made using the
test cycle that conforms to the current Federal and California Light-Duty Vehicle Emissions Standards.

3 Vehicle cycle methodology

The vehicle cycle includes the following processes during which emissions are generated:

I Material production — the materials used include steel, plastics, non-ferrous metals such as
aluminium, glass, rubber and composites such as glass fibre;

Vehicle assembly — energy required to assemble components and operate manufacturing plant;
Vehicle distribution — transport of a vehicle from the assembly line to the dealerships;

Vehicle maintenance — maintenance and repair over the lifetime of the vehicle;

Vehicle disposal — end-of-life vehicles (ELVs) are shredded and a proportion of some materials
are recycled for further use.

= =4 —a -

Standardised emission data associated with the vehicle cycle is not available for all vehicle models as
it is for the fuel cycle (i.e. fuel production and vehicle tailpipe emissions). Therefore, to quantify
vehicle cycle emissions, the methodology developed for the GREET project is used. This method
enables an estimate to be made for the emissions associated with vehicle production (the most
significant part of the vehicle cycle). Combined with assumptions about lifetime mileages, a value for
emissions per mile can be calculated.

The approach taken by the GREET methodology requires an analysis of the following information for
each vehicle type assessed: vehicle mass (kerb weight in kg), the vehicle composition by mass
(pounds and kg) using a system of over 18 material category types, the emissions associated with the
production of each material category (grams/kg) and the total energy required for vehicle assembly
(MJ). For each vehicle, the mass of each of the constituent materials is multiplied by the respective
emissions per unit mass associated with the material’s production. This provides an estimate of the
manufacture emissions profile associated with that particular vehicle type.

Given the variation in vehicle composition of different vehicle types, seven vehicle types are assumed
to represent all the vehicles analysed as part of this assessment (gasoline ICE, diesel ICE , gasoline
hybrid HEV, flex-fuel FFV, bi-fuel ICE, battery electric BEV and fuel cell FCV). For gasoline, diesel,
gasoline hybrid, and fuel cell light-duty vehicles, GREET data is used. For other vehicle types, a
WhatGreenCar methodology is used, one which is similar approach to that adopted by the GREET
model and is based on a set of 12 material types (rather than 18).2

> Green Vehicle Guide: US Environmental Protection Agency. URL: http://www.epa.gov/.

® Annual Certification Test Results & Data: US Environmental Protection Agency. URL: http://www.epa.gov/.

7 Annual Certification Test Results & Data: US Environmental Protection Agency. URL: http://www.epa.gov/.

8 Life Cycle Assessment of Vehicle Fuels and Technologies. Conducted by WhatGreenCar on behalf of the London Borough
of Camden, 2006.
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4 Environmental impact methodology

To assess the environmental impact of fuel and vehicle cycle emissions, the WhatGreenCar analysis
adopts the methodology of the Car Environmental Rating Tool originally developed by the European
Cleaner Drive Programme. This uses ‘external costs’ to establish the relative weight to attach to
different emissions — these are monetary values that reflect the damage to the environment and to
human health. Using external costs allows the emissions from different vehicle types and different
models to be compared on equivalent terms. It also allows for comparisons to be made between
different impact categories, e.g. climate change vs. air pollution.

For this analysis, several changes have been made to the Cleaner Drive methodology. Whereas the
original project only included the fuel cycle emissions, WhatGreenCar has extended the methodology
to include emissions associated with the vehicle cycle. Also, the costs originally used by Cleaner Drive
for European vehicles have been adapted to reflect the external costs that apply in a North American
context.

As external costs quantify environmental impacts, air quality emissions generated in urban areas
have higher values than those in extra-urban areas. The WhatGreenCar methodology uses extra-
urban (rural) values for indirect emissions and a weighted average of urban and extra-urban values
for direct (tailpipe) emissions — these are weighted to reflect the national average split between
urban and extra urban mileage.’

WhatGreenCar’s impact rating methodology uses a weighted index of carbon dioxide (CO,), methane
(CHy,), nitrous oxide (N20), oxides of nitrogen (NOx), hydrocarbons (HCs), carbon monoxide (CO),
particulate matter (PM) and sulphur dioxide (SOx) emissions to produce a single score out of 100.
The rating system also provides separate scores for greenhouse gas and air quality impacts (also out
of 100). Note that WhatGreenCar has reversed the original Cleaner Drive rating system (C this
results in cleaner vehicles with lower emissions having a lower environmental rating. A vehicle
having a rating of 0 (zero) would have zero environmental impact.

For regulated air pollutants affecting air quality (AQ), the environmental rating scale is calibrated
such that the maximum score of 100 (‘AQ maximum’) represents the total environmental impact of
the following emissions:

I Direct (tailpipe) emissions (CO, NMOG, NOx, PMs) equivalent to EPA Federal Emissions
Standards for Tier 2 Bin 7;

I Indirect fuel and vehicle cycle emissions (CO, NMOG, NOx, PMs, SO,) generated by a gasoline
powered ICE' light-duty with fuel economy of 19.1 mpg, CO, emissions of 460 grams/mile, and a
kerb mass of 2350 kg (approx. 5180 Ib).

For greenhouse gases (GHGs), the environmental rating scale is calibrated such that the maximum
score of 100 (‘GHG maximum’) represents the total environmental impact of the following emissions:

I Direct (tailpipe), and indirect fuel and vehicle cycle greenhouse gas emissions (CO,, CH,4, and
N,O.) generated by a gasoline powered ICE light-duty vehicle with fuel economy of 19.1 mpg, CO,
emissions of 460 grams/mile, and a kerb mass of 2350 kg (approx. 5180 Ib).

° Figures used are 60% VMT urban and 40% VMT rural. Ref: Contrasting Rural and Urban Fatal Crashes 1994 — 2003. U.S.
Department of Transportation, National Highway Traffic Safety Administration, 2005; p19. URL: http://www-
nrd.nhtsa.dot.gov/Pubs/809896.PDF.
10 : :

Internal Combustion Engine.
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