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0. EXECUTIVE SUMMARY

l. INTRODUCTION

1.1. BACKGROUND

Tackling climate change and improving energy efficiency are two of the major challenges cur-
rently facing transport policymakers around the world. In this context, the development and in-
troduction of EFV’s as well as renewable fuels are the main fields of action. This issue concerns
us all: the government, the industry, the research community and the consumers. Nobody can
and must shirk from the responsibility for protecting health and tackling climate change espe-
cially with regard to safeguarding the life support systems for future generations.

The presentations and discussions at the 3™ EFV Conference in Dresden as well and at previous
conferences in Tokyo (2003) and Birmingham (2005) as well as in WP.29 have shown that we
can only jointly meet the current challenges. The presentations and the conclusion paper of the
Dresden conference are available on the website of Federal Ministry of Transport, Building and
Urban Affairs (http://www.bmvbs.de/g8-2007). The essential results of the 3" EFV Conference
are the following:

e The United Nations expect that between 2000 and 2030 the global vehicle population will
double from 800m to 1.6 billion vehicles. Given this growth it is essential to take action now
to achieve a greater use of EFV’s and advanced technologies.

e In an integrated approach, all road transport players have to be involved in the reduction of
CO; and pollutant emissions and where possible technical neutral approach should be fol-
lowed. Increasing the use of environmentally friendly and sustainable alternative energy
sources like for example advanced biofuels (biodiesel, bioethanol, biomethane, synthetic bio-
fuels) or renewable hydrogen and electricity are some of the essential fields of action.

e Measures to support the introduction of EFV’s should be based on a common understanding.
This means that we jointly should develop a globally harmonised method for evaluating the
environmental friendliness of a vehicle taking into consideration regional differences.

e In developing an evaluation method, focussing solely on the vehicle will not yield the re-
quired results. Rather, the development has to be based on a holistic approach. Energy con-
sumption and the emission of greenhouse gases have to be evaluated on the basis of an inte-
grated "well-to-wheels” approach which comprises both the preceding fuel provision chain
("well-to-tank”) and the fuel use in the vehicles ("tank-to-wheels”). In the long run, the pos-
sibility of an extensive lifecycle evaluation, which also takes into account the following is-
sues development - production - use - disposal of vehicles, should be examined as well. This
should be further developed beyond the vehicle lifecycle considering also interfaces like ve-
hicle and energy supply infrastructure, driver — vehicle interaction (e.g. ITS) and other ele-
ments in an Integrated Approach.
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e [t is recommended to have a close cooperation with the World Forum for Harmonisation of
Vehicle Regulations (WP.29) of the United Nations in Geneva (UN-ECE).
e Future EFV Conferences is to be held every two years and should focus on the following

issues:

1.2.

status report regarding the set goals,

exchange of experiences with regard to ongoing measures for promoting / introducing
EFV’s,

exchange of experiences and problem analysis regarding the legal and economic frame-
work,

regular status report to the G8-Leaders (according to the decision at Heiligendamm).

OBJECTIVE OF THE EFV INFORMAL GROUP

To continue a fruitful cooperation between WP.29 and the future EFV conferences, as parallel

activity an informal group under GRPE was established. In a first step the task of the informal

group is to prepare a review of the feasibility of the proposed EFV concept (evaluation method,
holistic approach). Taking the idea of world wide harmonization into account, the applicability

of the EFV concept needs to be considered for all regions of the world. Therefore following
work packages are foreseen:

e The available literature and concepts, including regulations and standards, shall be screened
and analysed.
e In a first step mainly energy efficiency and CO, emissions is considered and assessed on the

basis of an integrated "well-to-wheels” approach.
e The feasibility of the successful development of a harmonised evaluation method should be
examined and assessed.

The EFV concept requires an involvement of the two environmental GR groups of WP.29:
GRPE (pollutant emissions, fuel consumption/CO;) and GRB (noise). In addition assistance is
needed from further experts i.e. those dealing with well to wheel aspects.

1.3.

PREPARATION OF A FEASIBILITY STATEMENT

Feasibility study limited to vehicles of category 1-1 (Special Resolution No. 1)

- Introduction concerning chapter 3.

- General introduction concerning the important discussion about the target groups (govern-

ments, industry, consumers) of the evaluation concept and the allocated purposes. This will

include a brief description of "EFV measures".

- Aspects for the development of an evaluation concept (criteria, tools, SWOT).
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- Development of the concluding feasibility statement.

< further input expected >
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2.

2.1.

2.2.

DEFINITIONS
ENVIRONMENTALLY FRIENDLY VEHICLE
Common definition of EFV does not exist.

The term EFV as well as EEV (...), green vehicle, eco-car, etc. is often used in the context of
regulations, assessment concepts and environmental measures.

The Term "environmentally friendly” shall not be used according to ISO 14021 (see 3.9.).
Section 5.3 (Terms and definitions) of ISO 1402 1defines:

"An environmental claim that is vague or non-specific or which broadly implies that a prod-
uct is environmentally beneficial or environmentally benign shall not be used. Therefore,
environmental claims such as "environmentally safe", "environmentally friendly", "earth

nn

friendly", "non-polluting", "green", "nature's friend" and "ozone friendly" shall not be used."
This point was incorporated in the international standard to avoid the misuse of unsubstanti-
ated environmental claims for advertising and marketing purposes.

The reason for this ISO rule is that environmentally friendly is a very comprehensive and
bold statement that is not likely to be justifiable. It might be the case that e.g. a vehicle has
lower NOy emissions than another vehicle during its life-time. However, ‘environment’ is
much more than NOy emissions and need to take into consideration also other relevant items
as for example CO, emissions or heavy metals. In consequence, a vehicle having lower CO,
emissions might be identified as a low-CO;-emission-vehicle but not necessarily “environ-
mentally friendly”. ISO requires a specific, not misleading terminology.

LIFE CYCLE ASSESSMENT (LCA)

Life Cycle Assessment (LCA) is a method detailed in ISO 14040/44 to compile and evaluate

inputs, outputs and the potential environmental impacts of a product system throughout its life
cycle. The life cycle consists of all processes respectively consecutive and interlinked stages of
a product system, from raw material acquisition or generation of natural resources to final dis-
posal. Thus the scope goes beyond a well-to-wheel approach as — for the case of vehicle LCAs —
covering not only the generation of fuels to its use in vehicles but also the generation of all mate-
rials needed to produce a vehicle to its final end-of-life vehicle stage [1].

updated 21/04/2009 8
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Fig. 2.2-1: Scheme of Life Cycle Assessment method [Schmidt et al., 2004].

2.3. WELL TO WHEEL (WELL TO TANK, TANK TO WHEELS)

Well to Tank (WTT) evaluations account for the energy expended and the associated GHG emit-
ted in the steps required to deliver the finished fuel into the on-board tank of a vehicle. They
cover the steps extracting, transporting, producing and distributing the finished fuel [2].

The Tank to Wheels (TTW) evaluation accounts for the energy expended and the associated
GHG emitted by the vehicle in the reference driving cycle [2].

Well to Wheel (WTW) evaluations account for the energy expended and the associated GHG
emitted in the steps fuel production (Well to tank) and vehicle use (tank to wheel) [2].

24. FUEL EFFICIENCY, FUEL CONSUMTION, ENERGY USE

< further input expected >

2.5. ENERGY EFFICIENCY
Efficiency is the ratio of the output to the input [3]. Energy efficiency refers to products or sys-

tems designed to use less energy for the same or higher performance than regular products or
systems [4].
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o [ Ratio of energy output of a conversion process or of a system to its energy input [5]. ]
o [ Conversion ratio of output and input energy of energy production technologies and end-
use appliances. The lower the efficiency, the more energy is lost [6]. ]

2.6. ENERGY MIX

Energy mix is the combination of coal, oil gas, nuclear hydro biomass & waste and other renew-
ables chosen to respond to the energy demand. As example the mix for the European energy use
is shown:

2003 = Coal 2030
gu, 4% D5% _ = il T 13%
W Gas
Muclear
Hydro

W Biomass & Waste

Cther Renewables

1736 2 048 Mtoe

Fig. 2.6-1: Energy mix for EU.

. Resource availability is influencing the share in this combination of each energy sources.
For Example: Energy for Electricity Generation

Energy for generation of electricity is primarily supplied by the fossil fuels of coal, oil and natu-
ral gas, nuclear energy, hydro electric power, and more recently, the emergence of large wind
and multi megawatt scale photovoltaic applications. Political and economic drivers are the
forces that have determined what mix of these energy sources we utilize.

Electricity generation worldwide is currently dominated by the combined energy from the fossil
fuels coal, oil and natural gas (Figure 2.6-2). Replacing these sources with sustainable sources is
an enormous challenge. Sustainable options are hydro power, wind, and solar, either as solar
thermal power plants or as photovoltaic power. At present wind energy is a rapidly growing
contributor to electricity generation with annual installed capacity figures still increasing by
about 30% per annum. Total world installed wind generation capacity exceeded 100,000 MW in
the summer of 2008, but even this leaves wind as a small although important and growing over-
all contributor. As oil and coal prices increase, the economics of wind power improve and the
wind industry will continue to grow at high rates for the foreseeable future. Some regions of
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Germany have 20% to 30% of their electricity production from wind machines. Wind power
production will become a larger and larger player in world electricity generation, and wind's pre-
sent growth rate is limited by the number of manufacturers and their annual production capacity.
The percentage of wind generation that a grid can support is also limited by conventional grid
designs, but with pumped storage and other reactive power controls, wind penetration into grids
could be increased.

Biomass & waste: 62
Wind: 229
Geothermal: 15%
Salar: 1%

Tide & wave: 0%

Renewables 256 Excluding hydra

Hydro 16%

- Renewables
- Hydro

Muclear

- Gas

Cral 405

Muclear 16%

Gas 2% il 7%

Fig. 2.6-2: World electricity by energy source (IEA 2004).

2.7. LIFETIME; USEFUL LIFE; LIFE CYCLE

e Lifetime:
Lifetime of a vehicle is defined as the time from start of usage until end of vehicle life.
The end of vehicle life depends on the individual decision of the car owner whether the car
will be sold to other persons or markets or the car will be recycled according to existing leg-
islation. Therefore lifetime of a vehicle is always an expert guess and can not be measured
or defined precisely [7, 8].
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e Useful life:

Reference

Comment

Europe

European Union:

(EC) 692/2008 (Euro 5/Euro 6)
ANNEX VII

VERIFYING THE DURABIL-
ITY OF POLLUTION CON-
TROL DEVICES

(TYPE 5 TEST)

ANNEX 11
IN-SERVICE CONFORMITY

The whole vehicle durability test represents an
ageing test of 160 000 kilometers driven on a test
track, on the road, or on a chassis dynamometer.
As an alternative to durability testing, a manu-
facturer may choose to apply the assigned dete-
rioration factors from the following Tab.

For ISC checking vehicles are selected up to
100.000 km.

USA

Code of Federal Regulations
(CFR):

PART 86 - CONTROL OF
EMISSIONS

FROM NEW AND IN-USE
HIGHWAY

VEHICLES AND ENGINES
(CONTINUED)

§ 86.1805-04

The full useful life for all LDVs, LDTI1s and
LDT2s is a period of use of 10 years or 120,000
miles, whichever occurs first.

For all HLDTs, MDPVs, and complete heavy-
duty vehicles full useful life is a period of 11
years or 120,000 miles, whichever occurs first.
This full useful life applies to all exhaust, evapo-
rative and refueling emission requirements ex-
cept for standards which are specified to only be
applicable at the time of certification.

Manufacturers may elect to optionally certify a
test group to the Tier 2 exhaust emission stan-
dards for 150,000 miles to gain additional NOX
credits, as permitted in § 86.1860-04(g), or to
opt out of intermediate life standards as permit-
ted in § 86.1811-04(c). In such cases, useful life
is a period of use of 15 years or 150,000 miles,
whichever occurs first, for all exhaust, evapora-
tive and refueling emission requirements except
for cold CO standards and standards which are
applicable only at the time of certification.

For automotive LCA, EUCAR agreed to base the passenger car assessments on 150.000 km.
However, it is common practice of OEMs to apply different mileages in different vehicle
segments.

e Life cycle:
Life cycle is defined as the consecutive and interlinked stages of a product system, from raw

material acquisition or generation from natural resources to final disposal [9].
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12




2.8. INTEGRATED APPROACH

Integrated approach means the adoption of a comprehensive strategy involving all relevant
stakeholders (i.e. vehicle manufacturers, oil/fuel suppliers, customers, drivers, public authorities,
etc.). The underlying assumption in support of such an approach is that improvements can be
achieved more efficiently by exploiting the synergies of complementary measures and optimis-
ing their respective contributions rather than by focusing on improvements in car technology
alone. An integrated approach would provide for:

— Greater potential for environmental benefit when more elements of the system are covered;
— Greater potential for the identification of the most-cost effective options;

— Policy coherence giving more scope for synergies and avoidance of perverse effects;

— A fair distribution of the burden between different stakeholders.

The integrated approach implies building links with other policy areas. Some of the measures
which would contribute to environmental benefits also have the potential to enhance road safety.
Such synergies should be exploited. The integrated approach combines further developments in
vehicle technology with an increased use of alternative fuels, intelligent traffic management,
changes in driving style and car use, and environmentally-related taxation. This requires part-
nership between the fuel industry, policy makers, drivers and the automotive industry.

2.9. SWOT ANALYSIS

The SWOT analysis combines an investigation of the strength, weakness, opportunities, and
threats of a method. [Reference?]

[For the purpose to develop an EFV evaluation method, the SWOT concept can be used. SWOT
is based on appropriate criteria to check whether these methods are comprehensive enough (envi-
ronmental aspects covered, system boundaries) while being still applicable and realistic (data,
effort for application, comparability).]

< further input expected >
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3. EXISTING LEGISLATION, TOOLS FOR HOLISTIC APPROACHES AND AS-
SESSMENT CONCEPTS

3.1. REGULATIONS AND STANDARDS
3.1.1. JAPAN
3.1.1.1.  TOP RUNNER PRINCIPLE

The "Top runner approach” has been introduced in Japan in 1998 when revising the Japanese
Energy Conservation Law and consecutive government ordinances. In summary, the Japanese
Top Runner uses, as a base value, the value of the product with the highest energy efficiency on
the market at the time of establishing standards for such products. Standard values are set taking
into account potential technological improvements leading to better energy efficiency. The pro-
ducer is allowed to conform to the standard by "average fleet”: all products should achieve this
level of energy efficiency performance after a certain time frame. In case of non-compliance
after expiry of the given transition period, firstly, the manufacturer of the product would be “ad-
vised” to ensure the product’s compliance in a “recommendation” issued to him by the Ministry
of Economy, Trade and Industry (METI). If the non-compliance continues, the manufacturer
will be challenged by a system of marking poor performing products and may potentially be pe-
nalised. If penalised, such sanctions would amount up to a maximum of 1 Mio. Yen, that is
some 7400 Euro. We are not aware of any penalties issued to date.

Compliant products may be labelled voluntarily under the top runner approach. Therefore, label-
ling can vary between products belonging to the same targeted product group. 21 product groups
are targeted by the top runner in Japan including automotive applications.

The Japanese top runner focuses on the energy aspect solely. The approach does not restrict

market access for any product, whether the particular product meets the target standard or not.
The Japanese top runner mainly works with a “name and shame” marking scheme.

3.1.1.2.  EXHAUST GAS EMISSION

Tab. 3.1.1.2-1: Exhaust Emission Limit — Gasoline and LPG fuelled vehicles.

[ TestMode® [ unit | co | HC | NOx | PM 2 [ NewModel [ Allprod./Imported veh.

New Short Term (Mean / Max)
PC 10-15 Mode glkm 0.671.27 0.08/0.17 0.08/0.17 - Oct. 2000 Sep. 2002

11 Mode gitest 19.0/31.1 2.20/4.42 1.40/2.50 -
Mini Com Veh 10-15 Mode g/km 3.30/5.11 0.13/0.25 0.13/0.25 - Oct. 2002 Sep. 2003

11 Mode gitest 38.0/58.9 3.50/6.40 2.20/3.63 -
Light CV 10-15 Mode glkm 0.87/1.27 0.08/0.17 0.08/0.17 - Oct. 2000 Sep. 2002

11 Mode gitest 18.0/31.1 2.20/4.42 1.40/2.50 -
Medium CV 10-15 Mode glkm 2.10/3.36 0.08/017 0.13/0.25 - Oct. 2001 Sep. 2003

11 Mode g/test 24.0/38.5 2.20/4 42 1.60/2.78
New Long Term (Mean / Max) NMHC
PC 1.15/1.92 0.05/0.08 0.05/0.08 - Oct. 2005 Sep. 2007
Mini Com Veh 10-15 Mode glkm 4.02/6.67 0.05/0.08 0.05/0.08 - Oct. 2007 Sep. 2008/ Sep. 2007
LCV + 11 Mode 1.15/1.92 0.05/0.08 0.05/0.08 - Oct. 2005 Sep. 2007
Medium LCV 2.55/4.08 0.05/0.08 0.07/0.10 - Oct. 2005 Sep. 2007
Post New Leng Term * - Proposed on 8th Recommendation from the Central Environmental Counsel - Amended in November 2007 (Mean/Max)
PC JCOBH 1.151.92 0.05/0.08 0.05/0.08 0.005/0.007 Oct. 2009 Oct. 2009/ Sep. 2010
LCV + JC08C g'km 1.15/1.92 0.05/0.08 0.05/0.08 0.005/0.007 Oct. 2009 Oct. 2009/ Sep
2010Medium LCV 2.55/4.08 0.05/0.08 0.07/0.10 0.007/0.009 Oct. 2009 Oct. 2009/ Sep. 2010

" Test mode: see pages 42-43 2 PM limit applied to direct injection gasoline engine to which NOx absorber

3 New PM measurement methed; technically modified methods for CO and other gases
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Tab. 3.1.1.2-2: Exhaust Emission Limit — Diesel vehicles.

[ TestMode’ [ unit | co [ HC [ NOx [ PM [ NewModel | Al prod. / Imported veh.
New Short Term (Mean / Max)
PC = 1265 kg 0.63/0.98 0.12/0.24 0.28/0.43 0.052/0.11 Oct. 2002 Sep. 2004
PC > 1265 kg 10-15 Mode g/km 0.63/0.98 0.12/0.24 0.30/0.45 0.056/0.11 Oct. 2002 Sep. 2004
Light Com Veh 0.63/0.98 0.12/0.24 0.28/0.43 0.052/0.11 Oct. 2002 Sep. 2004
Med. Com Veh 0.63/0.98 0.12/0.24 0.49/0.68 0.06/0.12 Oct. 2003 Sep. 2004
New Long Term (Mean / Max) NMHC
PC < 1265 kg 10-15 Mode 0.63/0.84 0.024/0.032 0.14/0.19 0.013/0.017 Oct. 2005 Sep. 2007
PC > 1265 kg + gkm 0.63/0.84 0.024/0.032 0.15/0.20 0.014/0.019 Oct. 2005 Sep. 2007
Light Com Veh 1 Mode 0.63/0.84 0.024/0.032 0.14/0.19 0.013/0.017 Oct. 2005 Sep. 2007
Med. Com Veh 0.63/0.84 0.024/0.032 0.25/0.33 0.015/0.020 Oct. 2005 Sep. 2007
Post New Long Term* - Proposed on 8th Recommendation from the Central Environmental Counsel - Amended in November 2007 (Mean/Max)
PC JCO8H 0.63/0.84 0.024/0.032 0.08/0.11> 0.005/0.007 Oct. 2009 Oct 2009/ Sep 2010
LCcV + g/lkm 0.63/0.84 0.024/0.032 0.08/0.11 0.005/0.007 Oct. 2009 Oct 2009/ Sep 2010Medium
LCV Jcosc 0.63/0.84 0.0240.032 0.15/0.20 0.007/0.009 Oct. 20107 QOct 2009/ Sep 20107

1 Test mode: see pages 42-43

2 Oct 2010 for Medium Commercial Vehicle w/ 1.7 t < GVW < 2.5 t or Oct 2008 for Medium Commercial Vehiclew/ 2.5t < GVW <351
* Faor vehicles not exceeding 1.265 kg. For vehicles > 1.265 kg: 0.15/0.20

4 New PM measurement methed; technically modified methods for CO and other gases

Other Requirements:

e From 2005:
HC is measured as NMHC
Light Weight Commercial Vehicles < 1.7t GVW (diesel and gasoline)
Medium Weight Commercial Vehicles: 1.7 < GVW < 3.5 t (diesel and gasoline)
For vehicles powered by fuels other than gasoline, LPG or diesel:
- Test method is 10.15 mode + JCO8C until 31 March 2011 (28 Feb 2013 for imported ve-
hicle); after: JCO8H + JCO8C
- Emission limits are similar to the relevant 2009 vehicle regulation
- Application date: domestic vehicle: 01 Oct 2009; imported vehicle: 01 Sep 2010

e Test Mode:
Exhaust Emission Level will be calculated as below:
From Oct 2005: 10-15 mode hot start x 0.88 + 11 mode cold start x 0.12
From Oct 2008: 10-15 mode hot start x 0.75 + JCO8 mode cold start x 0.25
From Oct 2009: JC08 mode hot start x 0.75 + JCO8 mode cold start x 0.25

e Mean/ Max:
Mean: to be met as a type approval limit and as a production average
Max: to be met as type approval limit if sales are less than 2000 per vehicle model per year
and generally as an individual limit in series production

e Idle CO & HC — Gasoline and LPG:
Idle CO: Iper cent, Idle HC: 300 ppm

e Durability:
PC, truck and bus GVW < 1.7t: 80,000 km
PC, truck and bus GVW > 1.7t: 250,000 km
DF: 10-15 Mode: CO: 0.15; HC: 0.15; NOx: 0.25
11 Mode: CO: 2.0; HC: 0.15; NOx: 0.20
JC08 mode: CO: 0.11; NMHC: 0.12; NOx: 0.21
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e Evaporative Emissions — Gasoline and LPG:
Test similar to EC 2000 Evap test
(1 h hot soak at 27+ 4°C + 24 h diurnal (20-35°C)),
test limit: 2.0 g/test, run on 10-15 Mode (three times).
Preparation driving cycle for EVAP:
25 sec. Idle + 11 mode x4 + ((24 sec. Idle + 10 mode x3 + 15 mode) x3)

e OBD — Diesel, Gasoline and LPG:
Current status: Vehicles to be equipped with OBD similar to EOBD requirements

OBD requirement for Passenger Cars and Commercial Vehicles with GVW < 3.5 tons from
October 2008

e Smoke — Diesel:
4-mode: opacity limit 25per cent; free acceleration limit 25 per cent; Max PM: 0.8 m-1
From 2009: diesel 4-mode is abolished.; Max PM: 0.5 m-1

e Fuel quality — Sulphur content:
Diesel: from Jan 2007: 10 ppm
Gasoline: current: 50 ppm; from Jan 2008: 10 ppm

e NO,—PM Law:

Tab. 3.1.1.2-3: NOx — PM Law (Applicable in following metropolis: Tokyo, Saitama, Chiba,
Kanagawa, Aichi, Mie, Osaka, Hyogo)

Weight category NOx PM
Diesel PC - 0.25 g/km 0.026 g/km
Bus & truck GWVW = 1.7 ton 0.25 g/km 0.026 g/km
1.7<GVW=25ton 0.4 g/km 0.03 g/km
25 <GYW=35ton 4.5 g/kWh 0.09 g/kWh

If a vehicle does not satisfy the regulation limit it cannot be registered in the applicable area after
grace period.

Grace period from 1st registration:
Diesel PC: 9 years

Small truck: 8 years

Small bus: 10 years
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Local Ordinance on Diesel Vehicles — PM Emission Regulation

Tab. 3.1.1.2-4: Local Ordinance on Diesel Vehicles — PM Emission Regulation
(Applicable in whole area of Tokyo (exclude island area), Saitama, Chiba, Ka-

nagawa)
Diesel truck & bus From Oct 2003 From April 2006
GVW = 1.7 ton 0.08 g/km 0.052 a/km
1.7 =< GVW = 2.5 ton 0.09 g/km 0.06 g/km
2.5ton < GVW 0.25 g/kWh 0.18 g/kWh

* In case of Tokyo and Saitama only

Vehicles from outside the mentioned area will not be able to operate within the cities unless of
equal standard to city vehicles.

Two exemptions:

- Vehicles less than 7 years old (which must meet new vehicle emissions for 7 years from reg-
istration)

- Vehicles fitted with a PM filter

Driving Cycles:

11 mode
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Fig. 3.1.1.2-1: Driving Cycle Japan 11 mode cold cycle.
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Fig. 3.1.1.2-2: Driving Cycle Japan 10.15 mode hot cycle.
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Fig. 3.1.1.2-3: New Driving Cycle Japan JC 08.

updated 21/04/2009

200 400 600 800 1000 1200 1400 1600 18

00 2000 2200 2400

18



Tab. 3.1.1.2-5: Driving cycle summary.

Time (excl. soak) 1204 s

Distance 8172 m

Max. Speed 81.6 km/h

Ave. Speed 24.4 km/h

Soak Repeated as
hot test

Gear shift (man) Fixed speeds

3.1.1.3.  FUEL EFFICIENCY

< Explanation needed >

22 +
20 Proposal 2015

gasoline = diesel (JC08)
18

=
(]
I
T

Standard 2010
I gasoline (10.15 mode)

fuel economy [km/I]
[E=Y
N
|

;

=
o
I
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H

6 1 1 1 1 1 1
1000 1250 1500 1750 2000 2250 2500
test vehicle weight (= vehicle weight + 110) [kg]

Fig. 3.1.1.3-1: Japanese fuel efficiency legislation.

3.1.1.4. EFV APPROACH IN JAPAN < or chapter 3.3.1.5. >

< further input expected >

3.1.1.5.  NOISE

Reducing Automobile-Emitted Noise [10]:

Reducing motor vehicle and road traffic noise constitutes a major environmental issue. Auto-

mobiles generate various kinds of noise, including the noise emitted by the engine, the intake
system, the drivetrain, the cooling system, and the exhaust system. In addition, tires generate

updated 21/04/2009 19



tire/road noise. Automotive noise in Japan is regulated by standards—on accelerated running
noise, steady running noise, and stationary exhaust proximity noise—which have become pro-
gressively more stringent, requiring automobile manufacturers to develop the technologies nec-
essary for compliance. All motor vehicles manufactured as of September 2003 comply with the

latest noise standards.

Large-Sized Passenger Motorcycles
: 92 H 84 86
% 4aia) Vehicles dB(A) Cars dB(A)
100 Drivetrain, Other Tires, Drivetrain, Other Tires, Other
Tires Inlet system Drrivetrain
Cooling system Cooling system Inlet system
— 80 | Exhaust system Exhaust system Exhaust system
£ Engine Engine Engine
z dB(A)
(=]
L g 81 83
£ dB(A) dB(A) dB(a)
£
=]
g EI Qe A W W—
&= 86 78
g dB(A) dB(A)
£ 83 e df];gl}
dEOﬂgS'I dB(A) d?S 73
B B
() “a
0
TS S5 59 56568
R S
SLEPLE §8PEL 88888
'-:. -'C“ 0)“ d’;‘ r-:‘ '-:. ;'\:‘ 0;‘ r\:‘ q;. r-:‘ :c‘. 0;‘ ;\“ h:‘
A A N = o L A AN - ) A
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Source: Japan Automobila Manufaciurers Assodation

Fig. 3.1.1.5-1: The progress in motor vehicle noise reduction (accelerated running noise).
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Fig. 3.1.1.5-2: Testing motor vehicle noise levels.
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Tab. 3.1.1.5-1: Overview of japan’s motor vehicle noise regulations (for accelerated running

noise).
Regulation
Vehicle Type
yp 1971 1976-1977 1979 1982-1987 | 1998-2001
Large-Sized | Vehicles with GVW=over 3.5| __ 4WDvehicles,etc. | | || 82 ___
Vehicles tons and maximum engine|  Trucks | a2 89 86 83 [ 81
output=cver 150 kW Buses 81
Medium-Sized | vepicles with GVW=over 3.5|________&WDvehidles, etc. | | | | | 81
Vehicles tons and maximum engine|  Trucks | 89 87 86 8 [ 80
output=up to 150 kW Buses 80
Small-Sized Vehicles with GWW=up to 3.5 | Other than ! GVW=Over 1.7 76
Vehicles tons mini-vehicles! tons
e L (N ) ER S ——
P GVW=Up to 1.7
L itons ] 8 8 81 A ?E____
Mini-vehicles: "Bonnet”’type __| | | | 7%
i Cab-over-engine type 76
Passenger Cars | vehicles exclusively for the | Over 6 occupants 5
transport of passengers, with |------=---m-mmmmo oo 84 82 81 L B
up to 10-passenger occupancy | & occupants or fewer 76
Motarcycles Small-sized motorcycles (over 250cc) L 5mﬁ|_|-_51’§§_d_ ______________ 86 83 78 75 b 73
and mini-sized motorcycles (126cc-250cc) Mini-sized B84 73
Motor-Driven | Class 1 motor-driven cycles (50cc & under) _i:_|:':1_5_5_g ___________________ £_3 _2 _____ 79 75 72 beee ?_1 _____
Cycles and Class 2 motor-driven cycles (51cc-125¢c) Class 1 80 71
Motas: 1. In pre-1267 regulations, *150 kKW* reads “200 horsepower.” 2. “4WD vehicles, etc.” indudes 4WDs, tractors, and cranes. Sourca: Ministry of the Environment

3.1.1.6. RECYCLING
Vehicle Recycling and Waste Reduction [10]:

Under Japan’s End-of-Life Vehicle (ELV) Recycling Law which entered into force in January
2005, automobile manufacturers and importers are responsible for recovery, recycling and ap-
propriate disposal with respect to fluorocarbons, airbags, and automobile shredder residue
(ASR). Compliance with the law will enable ASR to be recycled at a rate of 70% by 2015, re-
sulting in an automobile recycling rate of 95% (by vehicle weight) as compared with the 80%
rate prevailing prior to the introduction of the law. Japan’s vehicle recycling infrastructure as
mandated by its ELV Recycling Law is the first in the world to administer the entire process of
auto recycling—from ELV recovery to final disposal-—on the basis of electronic “manifests” (or
compliance checklists). JAMA itself played a central role in the development and implementa-
tion of this advanced vehicle recycling system. It also provided financial support for related
software development and continues to help finance system maintenance and improvements. In
line with national efforts to “reduce, reuse, recycle,” Japan’s automakers are also striving to de-
sign vehicles using lightweight materials that are easy to dismantle and recycle, and to reduce
and recycle designated waste products generated in the manufacturing process. In 2006 the total
volume of auto plantgenerated waste destined for landfill disposal dropped to 6,000 tons, a de-
crease of 98% from the 1990 level, already largely exceeding the 2010 target of 11,000 tons.
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Tab. 3.1.1.6-1: Industry measures in line with national legislation.

Law for the Promotion of Effective Utilization
of Resources (3R Law)

End-of-Life Vehicle
Recycling Law

Product Design

Waste Management

ELV Recycling

"Reduce” initiatives

For designated products:

- Weight reduction/

Downsizing

- Longer product life

| For designated industries:
- Reductionfrecycling of
designated waste products
generated in vehicle
manufacturing operations:
1} Scrap metals
2) Casting sand residue

"Reuse” initiatives

"Recycle” initiatives

For designated products:

- Use of recyclable materials

- Ease of dismantling

- Ease of sorting

- Safe recyclability

- Materials identification

- Total waste volume*:
1990 (baseline): 350,000t

2006: 6,000t

{a 98% reduction from 1990)
JAMA target:

11,000t by FY2010

*For landfill disposal, including scrap
metals, casting sand residue, and
| other waste,

Distribution, Service and Consumption

| - Recovery and recycling of:

1) ASR
2) Airbags
3) Fluorocarbons

Mote: Maotorcycles are nat covered by
tha ELV Recycling Law.
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3.1.2. USA

In the USA beside the federal regulations California deviates from this with an own system.

3.1.2.1. EXHAUST GAS EMISSION, EPA

Regulation Reference Comment

Auxiliary Emissions Control This regulation requires that vehicle emissions
Devices (AECDs) 40 CFR 86.1809-01, 40 CFR control system effectiveness be certified in driving

& Defeat Devices

86.1803-01, 86.1844-01

modes not included in the regulatory test cycles

Compliance Assurance Pro-
gram
(CAP 2000)

40 CFR Part 86 subpart S CAP
2000

CAP 2000 rule streamlines vehicle certification
procedures and requires manufacturer funded "in-
use" vehicle testing for evaporative emissions

Onboard Refueling Vapor

40 CFR Part 86 subparts A

This rule implements new vehicle standards and
test procedures for the control of emissions during

Recovery (ORVR) (prior to 2001), S (2001+), B refueling

US EPA requirements for PC, LDT and MDPV

Cold NMHC exhaust emissions.

Vehicles are required to be certified to a Cold
US EPA MSAT Cold NMHC family emissions limit (FEL) rounded to
NMHC 40 CFR Part 86 Subpart S the nearest 0.1 g/mi. Sales weighted fleet average

Exhaust Emissions Limits

requirements of 0.3 g/mi for vehicles up to 6,000
pounds GVWR and 0.5 g/mi for vehicles over
6,000 pounds GVWR define the required mix of
individaul FELs

US EPA Tier 2
Exhaust Emissions Limits

40 CFR Part 86 Subpart S

US EPA requirements for PC, LDT and MDPV
exhaust emissions

Federal On-Board Diagnos-
tics

40 CFR, 86.094, OBD,
On-Board Diagnoistics

Manufacturers are required to install an OBD sys-
tem which monitors various exhaust and evapora-
tive emission control components for malfunction
or deterioration resulting in exceeding various

(OBD) emission thresholds and illuminates a malfunction
indicator light (MIL). These requirements apply to
all PCs and LDTs.

Cold Temperature CO 40CFR86.094-8(k) & -9(k), The cold temperature certification CO standards at

Emission Standards

Cold CO for PC & LDT

20 oF are: - 10 g/mi for PCs

Tier 1 Exhaust
Emission Standards

40CFR86.0XX-8 & -9*, Tier 1
Exhaust Emission Stds

The Tier 1 certification NMHC (nonmethane hy-
drocarbon), CO, NOx, and particulate matter (PM)
emission standards at 50,000 and 100,000 miles,
respectively, are:

-0.25/3.4/0.4/0.08 g/mi -- 0.31/4.2/0.6/0.10 g/mi
for PCs,

Corporate Average Fuel
Economy
(CAFE)

Federal: 40 CFR, Part 600,
Law: 15 U.S.C. Section 2001

Sets minimum standards for a manufacturers pro-
duction-weighted average fleet fuel economy.
Vehicle fuel economy is established by laboratory
testing.

The CAFE standard for passenger cars is 27.5
mpg.

Gas Guzzler Tax

Federal: 40 CFR, Part 600,
Law: 26 U.S.C. Section 4063

For any passenger car sold in the U.S., a tax is paid
if that vehicles fuel economy does not exceed a
22.5 mpg threshold. The tax increases for models
with lower mpg. The tax is $1,000 if the vehicles
fuel economy is between 21.5 mpg to 22.4 mpg,
$1,300 for 20.5 mpg to 21.4 mpg, and increases to
$7,700 if the mpg is less than 12.4 mpg.
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Tier II Standard (cont’d)

Two temporary options available for MY2007-09 diesel powered vehicle:

USO06 opt: Relaxed 4k NOx<+NMHC std in exchange for 30per cent stricter composite SFTP
NO,+NMHC std. Also extends SFTP useful life to 150k.

High Alt. Option; Bin 7/8 veh. Allowed in-use NOy std of 1.2x the FTP std., when at high alt.
In exchange, must meet Bin 5 PM std.

Iso extends the useful life to 150k for ALL FTP based tests.

New fleet average requirement for NMHC:

Provisions for carry forward and carry-back of credits
Prov. for carry-over programs with respect to in-use testing
Test is on FTP cycle at 20 deg F

Flex fueled vehicles only required to provide assurance that the same emission reduction
systems are used on non-gasoline fuel as on gasoline

LDV <6000 GVWR:

Meet sales weighted fleet average of 0.3 g/mi at 120k mi
Phase in 25/50/75/100 from MY2010 - 2013

6000 < LDV < 8500 GVWR and MDPV < 10,000 Ibs
Meet sales weighted fleet average of 0.5 g/mi at 120k mi
Phase in 25/50/75/100 from MY2012 — 2015

Tab.3.1.2.1-1: NOx fleet average 0,07 g/mi.

g/mi Bin8 | Bin7 | Bin6 | Bin5 | Bin4 | Bin3 | Bin2
NMOG S0k 0100 0.075) 0.0/5)| 0.075

120k | 01251 0.090| 0.090 | 0.090 | 0.070 | 0.055 | 0.010
CO a0 k 3.4 3.4 3.4 3.4

120k | 4.2 42 42 42 2.1 2.1 2.1
NOXx S0k 014 | 0.11 0.08 | 0.05

120k | 020 | 015 | 010 | 007 | 004 | 003 |002
PM 120k | 0.02 | 002 | 0.01 | 0.01 0.01 0.01 | 0.01

HCHO a0 k 0015 0.015] 0.015] 0.015

120k | 0.018 1 0.018] 0.018 | 0.018 | 0.011 | 0.011 | 0.004

Tab. 3.1.2.1-2: Tier II Phase In-Schedule in % (Vehicles < 6000 Ibs GVWR).

% ‘01102 |03 |04 | ‘05| “06 | ‘07 | ‘08
NLEV 100 {100 [100

(Interim Non-)Tier II, 0.3 NOx avg 51801251010
Tier II, 0.07 NOx avg 25 | 50 | 75 | 100|100
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Driving Cycles:
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Fig. 3.1.2.1-1: Driving cycle FTP 75, EPA III (also known as: city cycle).

Tab. 3.1.2.1-3: Driving cycle summary.

Time (excl. soak) 1877 s

Distance 17860 m

Max. Speed 91.2 km/h

Ave. Speed 34.2 km/h

Soak 600 s

Gear shift (man) Specific (with evidence)
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Highway
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Fig. 3.1.2.1-2: Highway cycle (also known as: Highway Fuel Economy Test-HWFET).

Tab. 3.1.2.1-4: Driving cycle summary.

Time 765 s

Distance 16500 m

Max. Speed 96.4 km/h

Ave. Speed 77.4 km/h

Soak N/A

Gear shift (man) Specific (with evidence)
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3.1.2.2.

EXHAUST GAS EMISSION, CARB

Regulation Reference Comment
Enhanced Evapo- Cal%fo‘rma Evaporative Regulation adds more stringent evaporative emission test proce-
. o Emission Standards and . . » . )
rative Emission dures, longer vehicle usefull life definition, a new vehicle running
. Test Procedures for 1978 S
Regulations loss emission standard and test procedure.

and Subsequent

Compliance As-
surance Program
(CAP 2000)

California Evaporative
Emission Standards and
Test Procedures for 2001
and Subsequent Model
Motor Vehicles, CAP 2000
Impact on Enhanced Evap

CAP 2000 rule streamlines vehicle certification procedures and
requires manufacturer funded "in-use" vehicle testing for evapora-
tive emissions.

LEVII

California Evaporative
Emission Standards and
Test Procedures for 2001
and Subsequent Model
Motor Vehicles

LEV II significantly lowers evaporative emission standards from
"enhanced evaporative" standards and increases the useful life
definition.

Onboard Refuel-
ing Vapor Recov-
ery

California Refueling Emis-
sion Standards and Test
Procedures for 1998 and
Subsequent Model Motor

This rule implements new vehicle standards and test procedures
for the control of emissions during refueling

(ORVR) Vehicles/California Code of
Regulations section 1978
The Supplemental Federal Test Procedure (SFTP) regulations add
on to the current Environmental Protection Agency's Federal Test
SFTP — Procedure (FTP).
Supplemental . SFTP contains two new drive cycles (a high speed and high load -
Federal Test Pro- CCR Section 1960.1 USO06 cycle and air conditioning on cycle - SC03) and standards.
cedures The Federal EPA and California regulations are intertwined with

each other as well as the Federal National Low Emission Vehicle
regulation (NLEV).

California On-
Board Diagnostics
11

(OBD II) & Ser-
vice Information

Sec.1968.2

Manufacturers are required to install an OBD system which moni-
tors various exhaust and evaporative emission control components
for malfunction or deterioration resulting in exceeding various
emission thresholds and illuminates a malfunction indicator light
(MIL).

California Envi-
ronmental Per-
formance

Label Specifica-
tion

Title 13, California Code of
Regulations, Section 1965

The content of the label is specified in detail in the California
regulations, including that the label must have a green border, and
a smog score and global warming score printed in black type.

CARB LEV I
Exh. Em.

Title 13, Division 3, Chap-
ter 1, Section 1961

CARB requirements for PC, LDT and MDYV exhaust emissions

CARB Zero Em.

Title 13, Division 3, Chap-
ter 1, Section 1962

CARB requirements for PC and LDV exhaust & evaporative
emissions, emissions warranty and advanced technology vehicles

California Low
Carbon fuel Stan-
dard Regulation

Draft

LCEFS applies to all California transportation fuels. Starting Janu-
ary 1, 2010 the carbon intensity standard should be reduced by
10% by 2020.
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3.1.2.3.  GREENHOUSE GASES AND CAFE
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Fig. 3.1.2.3-1: CAFE (US - 50 States) ,,20in10* and Energy Bill, Passenger Cars.
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Fig. 3.1.2.3-2: CAFE (US - 50 States) ,,20in10* and Energy Bill, Light Duty Trucks.
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Fig. 3.1.2.3-3: GHG Rule (Cal + and Sect. 177 States) and CAFE (US — 50 States).
Tab. 3.1.2.3-1: Fleet average GHG emission standards.
Tier MY PC/L‘D"_III LDT2/M]3PV
g mile g mile
2009 323 439
2010 301 420
Near-Term 2011 267 390
2012 233 361
2013 227 355
. 2014 222 350
Mid-Term 2015 213 341
2016 205 332

3.1.2.4. MERCURY LAW
Key Provisions of L.D. 1921; Signed into law on 10 April, 2002

1. Prohibits the use of mercury switches in all vehicles manufactured on or after 1 January,
2003;

2. Requires vehicle manufacturers to establish a system for the removal and collection of the
mercury-containing parts in old cars before they are scrapped.

- Vehicle Manufacturers are required to establish and maintain authorized “consolidation”
facilities geographically located to serve all areas of the state by 1 January, 2003;
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- New and used car dealerships are not authorized to participate in the system;

- Manufacturers are required to pay a minimum of $1 per switch brought to the consolida-
tion facilities;

3. Vehicles that contain mercury that apply to vehicles built on or after July 15, 2002 must have
a label on the driver-side doorpost specifying which components in the vehicle may contain

mercury.

4. New manufacturer reporting requirements:

- Before 1 January, 2003, vehicle manufacturers are required to submit information if they
intend to levy a fee on new vehicles sold in the state, including the amount charged to
customers, and the basis for charging said amount;

- By July 1, 2004, vehicle manufacturers are required to report on the number of mercury
switches removed and recycled through the consolidation facilities;

3.1.3. CHINA
3.1.3.1. CHINA ENVIRONMENTAL REGULATIONS
China - Environmental Regulations
Regulation China

Regulation China nationwide special areas Reference Comment
Fuel consumption standards applied Important Tech- | Regulation Name:
to M1 vehicles with GVM not more nical Standards & | Limits of fuel con-
than 3500kg. 2 sets of fuel con- Legislations in sumption for light
sumption limits for different M1 China Auto In- duty commercial vehi-
models: dustry; Volks- cles
1. Normal M1 (with MT and ex- wagen Group
cluding the following models), China; Issue: Regulation Number:
2. Special M1 (automatic transmis- Aug. 2008 China | GB 20997-2007
sion (AT), or 3 or more rows of Automotive

CO,/ fuel seats or off-road vehicles); Technologie

consumption | 2-phase implementation: News; Volks-

standards Phase-1 started 07/2005 for new wagen Group

approval car models and 07/2006
for in-production car models,
Phase-2 started 01/2008 for new
approval car models and starting
01/2009 for in-production car mod-
els. The authorities are planning to
issue Phase III fuel limit in 2011
and to initiate framing in the year
end.

China; Issue No.
59, August 2008;
Technical Devel-
opment Division
(Source: CA-
TARC)

updated 21/04/2009

30




China - Environmental Regulations

Regulation China

Regulation China nationwide special areas Reference Comment

From July 1st of 2007, the car mod- | Beijing has imple- [ Important Tech- | Regulation Name:

els for new type approval must be | mented EU 4 for nical Standards & | Limits Measurement
EU 3 (without OBD) and from July | gasoline passenger | Legislations in Methods for Emis-
Ist of 2010, the new approval car cars since March Ist | China Auto In- sions From Light-
models should be EU 4. The Chi- of 2008. For this dustry; Volks- Duty Vehicles (II and
nese authorities are considering to | implementation, wagen Group V)

draft the national standard similar or | Beijing Municipal | China; Issue:

equivalent to EU 5/ EU 6 after the | Government imple- | Aug. 2008 Regulation Number:

official publication of EU 5/ EU 6
in Europe.

mented its local fuel
standards of EU 4
for both gasoline &

GB18352.3-2005

Emission X .
control diesel fuels since
January 1st of 2008.
Shanghai and Pearl
River Delta (Guang-
zhou/Shenzhen) are
planning to imple-
ment EU 4 for both
gasoline and diesel
cars in the second
half of 2009 or at
the beginning of
2010.
Because of the local | Important Tech-
air pollution prob- | nical Standards &
lems, some special | Legislations in
local areas beside China Auto In-
Beijing, including | dustry; Volks-
Guang- wagen Group
Diesel Emis- zhou/Shenzhen, will | China; Issue:
sions adopt more stringent | Aug. 2008
regulations for die-
sel vehicles, espe-
cially more strict
requirements for the
particulate emis-
sions.
From July 1st of 2008, the OBD Chendu started to Important Tech- | Regulation Name:
system will be requested on the new | request the OBD on | nical Standards & | Limits Measurement
approval gasoline car models and the EU 3 cars from | Legislations in Methods for Emis-
from July 1st of 2009, the OBD May 1st of 2008, China Auto In- sions From Light-
system will be requested on all the | which was one year | dustry; Volks- Duty Vehicles (Il and
OBD Re- gasoline cars registered nationwide; | earlier than the wagen Group V)
quirements | From July 1st of 2010, the OBD nationwide imple- | China; Issue:
system will be requested on the new | mentation plan. Aug. 2008 Regulation Number:

approval diesel car models and from
July 1st of 2011, the OBD system
will be requested on all the diesel
cars registered nationwide.

GB18352.3-2005
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China - Environmental Regulations

Regulation China nationwide

Regulation China
special areas

Reference

Comment

Vehicle Con-
sumption
Tax

The existing consumption taxation
system for passenger vehicles has
been in effective since April of
2006. A new policy takes effect on
Sept 1, 2008. The consumption tax
rate for passenger vehicles with
engine displacement ranging from
3.0 L to 4.0 will be increased to 25
percent from the current 15 percent,
and the tax rate for those with over
4.0 L displacement will be up to 40
percent from the current 20 percent.
Contrarily, passenger cars with 1.0
or less displacement range will pay
1 percent of the consumption tax
instead of 3 percent.

China Automo-
tive Technologie
News; Volks-
wagen Group
China; Issue No.
59, August 2008;
Technical Devel-
opment Division
(Source:
MOF.gov, Aug.
13, 2008)

Exterior
Noise

The standard is formulated as per
the Law of the People's Republic of
China on the Prevention and Con-
trol of Environmental Noise Pollu-
tion. It is formulated in reference to
the regulation of Uniform Provi-
sions Concerning the Approval of
Motor Vehicles. Having at Least
Four Wheels with Regard to Their
Noise Emission (ECE Reg.No.51)
of the Economic Commission for
Europe of the United Nations
(UN/ECE) and based on the actual
conditions of motor vehicle prod-
ucts in China.

Ministry of Envi-
ronmental Protec-
tion People's
Republic of China

Regulation Name:
Limits and measure-
ment methods for
noise emitted by ac-
celerating motor vehi-
cles

Regulation Number:
GB 1495-2002

Recycling
and Recov-
ery of End-
of-Life Vehi-
cles (ELV)

This Standard specifies a method
for calculating the recyclability rate
and the recoverability rate of a new
road vehicle, each expressed as a
percentage by mass (mass fraction
in percent) of the road vehicle,
which can potentially be

- recycled, reused or both (recy-
clability rate), or

- recovered, reused or both (recov-
erability rate).

The calculation is performed by the
vehicle manufacturer when a new
vehicle is put on the market.

ISO 22628:2002

Regulation Name:
Road vehicles Recy-
clability and recover-
ability — Calculation
method

Regulation Number:
GB/T 19515-
2004/1S022628:2002
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3.1.3.2. EXHAUST GAS EMISSION

Emission control — EU 3/4 nationwide

- national standard GB18352.3-2005 based on 2003/76/EC,

- published by State Environmental Protection Administration (SEPA, now Ministry of Envi-
ronmental Protection, MEP) on April 15th of 2005,

- following implementation plan was stated:

e From July Ist of 2007, the car models for new type approval must be EU 3 (without
OBD) and from July 1st of 2010, the new approval car models should be EU 4;

e From July Ist of 2008, the OBD system will be requested on the new approval gasoline
car models and from July 1st of 2009, the OBD system will be requested on all the gaso-
line cars registered nationwide;

e From July 1st of 2010, the OBD system will be requested on the new approval diesel car
models and from July 1st of 2011, the OBD system will be requested on all the diesel
cars registered nationwide.

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Nationwide !
cars
1
1
Nationwide I
cars

Beijing

1
1
1
cars
1
1
1
e D
1
1
1

Guangzhou/
Shenzhen U
New registered

cars

Shanghai .
New registered EU3
cars

Fig. 3.1.3.2-1: Emission control for petrol passenger cars — overview and perspective.
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2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

-y

Nationwide

cars
1
1

Nationwide
New registered E3
cars

Beijing
New registered No diesel car?
cars

Guangzhou/

Shenzhen EU3

New registered
cars

Shanghai :
New registered E3
cars

Fig. 3.1.3.2-2: Emission control for diesel passenger cars — overview and perspective.

Mationmwide
New registered gasoline cars

2007 2008 2004 2010 2011

MNew registered diesel cars Matiomaid e

Fig. 3.1.3.2-3: OBD implementation plan China-wide.

Emission control — other specific issues

e Beijing has implemented EU 4 for gasoline passenger cars since March 1st of 2008. For this
implementation, Beijing Municipal Government implemented its local fuel standards of EU 4
for both gasoline & diesel fuels since January 1st of 2008.

e In Chengdu, all the new registered Category 1 light vehicles (refer to the passenger cars with
GVM not more than 2500 kg / seats not more than 6) must be EU 3 and equipped OBD since
May Ist of 2008. This movement shows that more and more local areas will have the ad-
vancing implementation of the national standards.

e Because of the local air pollution problems, some special local areas beside Beijing, includ-
ing Guangzhou/Shenzhen, will adopt more stringent regulations for diesel vehicles, espe-
cially more strict requirements for the particulate emissions.
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e China authority is planning to draft EU 5/6 standards. Some car makers, e.g. GM China,
already officially announced their development of EU 5 cars for the Chinese market.

Driving Cycles:

NEDC

140
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100 ﬁ
80 [

£ r\ur'
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0 1 ‘ ‘ ‘ ‘

0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

(sec.)
Fig. 3.1.3.2-4: NEDC 2000.

Tab. 3.1.3.2-1: Driving cycle summary.

Time 1180 s
Distance 11007 m
Max. Speed 120 km/h
Ave. Speed 33.6 km/h
Soak N/A

Gear shift (man) Fixed speeds

3.1.3.3.  FUEL CONSUMPTION STANDARDS FOR PASSENGER CARS
e Standards applied to M1 vehicles with GVM not more than 3500kg
e 2 sets of fuel consumption limits for different M1 models:

— Normal M1 (with MT and excluding the following models)
— Special M1 (automatic transmission (AT) or 3 or more rows of seats or off-road vehicles)
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e 2-phase implementation: Phase-1 Phase-2
new approval car models 07/2005 01/2008
in-production car models 07/2006 01/2009

e The working group on phase-3 fuel consumption limits was established already. The draft
limits are expected to be finished by the end of 2009.

16

e==Normal M1 < 3500kg

15

=== Special M1 < 3500kg, automatic
14 transmission, 3 or more rows of seats
13
12 I

11

10

Fuel consumption [I/100km]

6 T T T T
750 1250 1750 2250 2750

Curb Mass [kg]

Fig. 3.1.3.3-1: Standard — Fuel consumption Phase-2 limits.

3.1.3.4.  RECYCLING AND RECOVERY OF END-OF-LIFE VEHICLES (ELV)
Topics of the phase-3 research project by NDRC/CATARC:

The project is divided into three parts, which are related to management methods, banned / re-
stricted materials and material database. The relevant working groups have been established
accordingly.

e Researches on the development of the “Administrative Rules on RRR Rates of Automotive
Products and Banned/Restricted Materials” and the relevant calculation methods;
e Survey / study on the banned/restricted materials in China auto industry;

e Basic researches and data collection related to China Automotive Materials Data System
(CAMDS).
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Min. 85% recovery rate for M2, M3, M2 and M3 vehicles, incl. Min. 80% Min. 95% recovery rate for all

recycle rate far materials. vehicles | incl. Min. 85%
Min. 80% recovery rate for M1 and M1 wehicles | incl. Min. 75% recycle rate for materials. recycle
heartvhile prohibition for the uze of Ph, HY, Cd and CrE+, with afew exceptions. rate for materialz.

hin. 90% recovery rate for all vehicles,
incl. Min. §0% recycle rate for materials.

Fig. 3.1.3.4-1: 3-phase research projects.

3.1.3.5. CHINA GREEN VEHICLE

The "Green Vehicle"certificates are based on a set of requirements. All four certificates include
the evaluation factors "Emission control (OBD)"” and "Fuel consumption”.
Additionally they include at least one of the following criteria:

CO, emission

Curb mass

Exterior and interior noise

inner vehicle air quality

ELV RRR rates, Banned materials, EMI, non-CFC materials in AC system, non-asbestos
material, max. vehicle speed, acceleration and climbing ability

Often References to GB / GB/Ts given.

There would be four kinds of such certification in China;:

"Green Vehicle” Certification by China National Accreditation and Certification Committee
(CNCA). The relevant rule has been implemented from 01.09.2006; from Guangzhou Toyota
has been certified;

"Green Vehicle” Certification by National Technical Committee for Environment Manage-
ment, Standardization Administration of China (SAC). The relevant national standard is un-
der approval;

"Green Vehicle” Certification by Science & Technology and Standardization Department,
State Environment Protection Administration (SEPA). The relevant rule has been imple-
mented at the end of 2005; the so-called Green Vehicles have the priorities for "government
purchasing” from 07.2007. The car models from FAW-VW and SVW were in the Group
Procurement List jointly published by SEPA and the Ministry of Finance (MOF).

"Green Vehicle” Certification by Pollution Control Department, the State Environment Pro-
tection Administration (SEPA). The relevant rule is under discussion.
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3.1.3.6. NOISE

The standard is formulated as per the Law of the People's Republic of China on the Prevention
and Control of Environmental Noise Pollution. It is formulated in reference to the regulation of
Uniform Provisions Concerning the Approval of Motor Vehicles Having at Least Four Wheels
with Regard to Their Noise Emission (ECE Reg.No.51) of the Economic Commission for
Europe of the United Nations (UN/ECE) and based on the actual conditions of motor vehicle
products in China. The noise limit for vehicle in the standard is to replace that set down in the
standard GB 1495-79. The noise measurement method of the standard is in reference to the An-
nex 3 of the Uniform Provisions Concerning the Approval of Motor Vehicles Having at Least
Four Wheels with Regard to Their Noise Emission (ECE Reg.No0.51/02) (1997) of the UN/ECE
as well as related content of the international standard of Acoustics - Measurement of Noise
Emitted by Accelerating Road Vehicles - Engineering Method (ISO362: 1998) in its technical
content. The related requirements on the road surface for noise test of the standard adopt that of
the stipulation in the Provisions of the Requirements of Road Surface for the Test of Noise Emit-
ted by Road Vehicles (ISO10844: 1994) and was put into effect as of January 1, 2005. The stan-
dard is implemented in two different time periods according to the date of manufacture of the
vehicle.

3.1.4. EU & UN-ECE

3.14.1. UN-ECE AND EUROPEAN ENVIRONMENTAL REGULATIONS

UN-ECE Environmental Regulations European Regulations
Regulation Reference Comment Reference Comment
Airquality: Regulations of ambient
2008/50/EC on ambi- air quality in relation to
ent air quality and sulphur dioxide, nitrogen
cleaner air for Europe dioxide and oxides of
nitrogen, particulate
Matter (PM105 PM2’5),
lead, benzene, carbon
monoxide and ozone
Regulated pollut-
ants — roller
bench type ap-
proval
Emissions of pol- ECE R 83-05 Scope: vehicles M1, N1 Euro 5 & 6: Scope: vehicles M1, M2,
lutants according to with MTALW <35t 715/CE/2007 et N1, N2 with reference
engine fuel re- 692/2008/CE mass < 2610 kg (deroga-
quirements tion possible until 2840
kg under specific condi-
tions)
supplement 1 to 6 - provisions for OBD; implementation measure
emission test proce- based on ECE R 83-05
dure for periodically except some specific
regeneration exhaust requirements (limit val-
aftertreatment sys- ues; deterioration factors;
tems; provisions for durability test procedure;
Hybrid vehicles type emission at low T°C in
approval; provisions Diesel; OBD; access to
for gaseous LPG/NG vehicle repair and main-
vehicles tenance information; use
of reagent fort he exhaust
aftertreatment system;
flexfuels vehicle...)
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UN-ECE Environmental Regulations

European Regulations

Regulation

Reference

Comment

Reference

Comment

ongoing supplement

- provisions for modi-
fied particulate mass
measurement proce-
dures;

- provisions for particle
number measurement

procedures
Smoke (Diesel ECE R 24-03 Scope: all Diesel vehicles | Euro 5 & 6: Scope: vehicles M1, M2,
only) 715/CE/2007 et N1, N2 with reference
692/2008/CE mass < 2610 kg (deroga-
tion possible until 2840
kg under specific condi-
tions)
implementation measure
based on ECE R 24-03
except some specific
requirements
Consumption and ECER 101 Scope: vehicles M1 Euro 5 & 6: Scope: vehicles M1, M2,
CO; measurement (internal combustion 715/CE/2007 et N1, N2 with reference
engine and hybrid elec- 692/2008/CE mass < 2610 kg (deroga-

supplement 6

tric powertrain) and
vehicles M1 & N1 pow-
ered by an electric pow-
ertrain

the driving cycle is the
one described in the UN
ECE R38 (NM VEG
cycle); regenerating
system taken into account

tion possible until 2840
kg under specific condi-
tions) - roller bench type
approval

implementation measure
based on ECE R 101
except some specific
requirements and scopes
(flexfuels vehicles;...)

CO, regulation

nothing up to now

European project on
going

Scope announced: M1
and N1 later on

ELV & recyclabil-

ity 2000/53CE

End of Life Vehi- 2005/64/CE

cles

Recyclability,

recovery & reuse

Heavy metals nothing up to now Decision 2008/689/CE Heavy metals deroga-
tions; annex II of ELV
directive

Noise ECE R51.02 revision R51.03 towards 2007/34/CE

2013 (estimation)
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3.1.4.2.

EXHAUST GAS EMISSION

Tab. 3.1.4.2-1: Euro 3 and 4 Emission Limits.

Limit values
Mass of
Reference Mass of hy- . . Mass of
Mass of carbon oxides of nitro- . (1)
mass monoxide (CO) drocarbons gen particulates
(RW) (kg) (HO) (NO,) (PM)
L, (g’lkm) L, (g/km) L; (g/km) L4 (ghkm)
Category Class Petrol Diesel Petrol | Diesel | Petrol Diesel | Diesel
M@ |- All 2,3 0,64 020 |- 0,15 0,50 | 0,05
I RW <1305 2,3 0,64 0,20 - 0,15 0,50 0,05
Buro3 | g o | oy Do sRW= 417 oso |o2s |- 018 |065 |007
111 1760 <RW 5,22 0,95 0,29 - 0,21 0,78 0,10
M®@ |- All 1,0 0,50 0,10 |- 0,08 0,25 0,025
I RW <1305 1,0 0,50 0,10 - 0,08 0,25 0,025
Eurod 1 o | g }’3723 SRW= 1 ¢ 0.63 013 |- 0.10 1033 |0,04
111 1760 <RW 2,27 0,74 0,16 - 0,11 0,39 0,06
(1) For compression ignition engines.
(2) Except vehicles the maximum mass of which exceeds 2 500 kg.
(3) And those Category M vehicles which are specified in note 2.’
Tab. 3.1.4.2-2: Euro 5 Emission Limits.
Limit values
Mass of
Mass of
Refer- | Mass of total hy- non- Ma}ss of Mass of particu- Number of
ence carbon methane oxides of %) . )
. drocar- . late matter particles
mass monoxide bons hydrocar- nitrogen (PM) (P)
(RM) (CO) (THC) bons (NOy)
(kg) (NMHCQC)
L,
L; (mg/km) (me/km) L; (mg/km) | Ly (mg/km) | Ls (mg/km) L¢ (#/kg)
(gji‘;; Class PL |c1 |Pl |cI|Pl |CT [Pl |CI |PI® CI Pl | CI
M |- All 1000 | 500 [ 100 |- |68 |- 60 [ 180 |5,0/4,5 [5045 |- |6x10"
1 Se 1000|500 [ 100 |- |68 |- 60 |180 |5045 5045 |- |6xl0"
1305
N, |I <RM< | 1810 | 630 | 130 |- |90 |- 75 235 | 5045 | 5045 |- | 6x10"
1760
m | 00T 12270 [ 740|160 |- 108 |- |82 280 | 5045|5045 - | 6xio"
N, - All 2270 | 740 | 160 | - 108 | - 82 | 280 |5,045 |504,5 |- 6x10""
Key: PI = Positive Ignition, CI = Compression Ignition
(1) A revised measurement procedure shall be introduced before the application of the 4,5 mg/km limit value.
(2) A new measurement procedure shall be introduced before the application of the limit value.
(3) Positive ignition particulate mass standards shall apply only to vehicles with direct injection engines
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Tab. 3.1.4.2-3: Euro 6 Emission Limits.

Limit values

Mass of Mass of nMois_S of Mass of
total hy- oxides Mass of particu- | Number of
Reference | carbon methane . O
. drocar- of nitro- | late matter particles
mass monoxide bons hydrocar- en (D(pM) (P)
RM) (kg) | (CO) (THC) bons (gNO)
(NMHC) x
Ll L2 L3 L4
(mg/km) | (mg/km) | (mg/km) | (mg/km) | bs (m&/km) Ls (/ke)
4
Cate | Class Pl |Cl [Pl |cl|Pl |cI|Pl|cI |PI® |cCI PIT 1 e
gory
M - All 1000 | 500 | 100 |- [68 |- |60 |80 |50/45 5,045 |- 6x10"!
RM < 1
I 1305 1000 | 500 | 100 |- |68 |- |60 |80 |5,0/45|5045]- 6x10
1305
N, 1l <RM< 1810 | 630 [ 130 |- |90 |- 75 | 105 | 5,0/4,5 | 5,0/4,5 | - 6x10"
1760
111 Ilg\iw 2270 | 740 | 160 |- | 108 |- 82 | 125 | 5,0/4,5 | 5,0/4,5 | - 6x10"
All
N, |- 2270 | 740 | 160 | - | 108 |- |82 | 125 5,0/4,5 | 5,0/45 | - 6x10"

Key: PI = Positive Ignition, CI = Compression Ignition
(1) A revised measurement procedure shall be introduced before the application of the 4,5 mg/km limit value.
(2) A number standard is to be defined for this stage for positive ignition vehicles.

(3) Positive ignition particulate mass standards shall apply only to vehicles with direct injection engines.

(4) A number standard shall be defined before 1 September 2014.’
(5) A new measurement procedure shall be introduced before the application of the limit value.

Driving Cycles:
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Fig. 3.1.4.2-1: Driving cycle for European Union (NEDC 2000).
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Tab. 3.1.4.2-4: Driving cycle summary.

Time 1180 s
Distance 11007 m
Max. Speed 120 km/h
Ave. Speed 33.6 km/h
Soak N/A

Gear shift (man) Fixed speeds

3.1.43. CO,-EUROPEAN REGULATION

The objective of the regulation is to reach 120 g/km in 2015, as an average for the whole passen-
ger car fleet (new vehicles), starting in 2012 (phase-in). This goal is splitted in 130 g/km based
on type approval of M1 vehicles (by means of improvements in vehicle motor technology) and
10 g/km related to the complementary measures (GSI; TPMS; LRRT; MAC system efficiency;
biofuels).

Each car manufacturer has to comply with an objective according to the CO, function defined as
follows: CO, = 130 + ax (M - MO0), compared to the actual average emissions from new cars sold
in the EU-27. (NB : M = mass in running order ; a = 0,0457; M0 = 1372kg).

The phase-in is defined as follows: 65% in 2012; 75% in 2013; 80 % in 2014; 100% in 2015,
using proportions of new passenger cars registered in each year.

New passenger cars with specific CO, emissions of less than 50 g/km count as 3,5 cars in 2012
and 2013, as 2,5 cars in 2014, as 1,5 cars in 2015 and 1 car from 2016 onwards.
The regulation includes also special rules for cars using E 85.

Eco-innovation technology will be taken into account in the limitation of 7g/km by car manufac-
turer, provided the contribution to the CO, reduction is not taken into account by the type ap-
proval procedure.

In the case of non conformity penalties have to be paid.

The 2020 target is 95 g/km, depending on an impact assessment, planned for 2013, e.g. to recon-
sider the key parameter (footprint versus mass ?).

< Fig. expected >

Fig. 3.1.4.3-1: Correlation vehicle weight - CO, for year 2006.
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3.1.4.4. CO, LABELLING DIRECTIVE

< further input expected >

3.1.45. FUEL REGULATIONS

< further input expected >

3.1.4.6. NOISE

Preliminary: there are several noise sources which contribute to noise pollution. One of those
comes from the vehicles explaining regulation on vehicle external noise.

References:
- European Regulation: 70/157 * 2007/34/CE
- UN-ECE regulation as an equivalence: ECE R51-02

Summary of the requirements:
According to both stationary and rolling test procedures, the level of the external noise of vehi-
cles is checked.
For the purpose of M1 and N1 vehicle categories, the mandatory limit values are currently:
- Category M1: 74 dB(A)
(with a derogation for compression ignition engines and direct injection engines: 75
dB(A))

- Category N1: 76 dB(A) if the MTALW< 2t and 77 dB(A) in other cases.
(MTALW = Maximum Technically Admissible Laden Weight)

Next step:

A new test procedure have been defined in order to better evaluate the noise behaviour in urban
conditions.

So, based on this procedure and in parallel with the current one, a monitoring phasis is ongoing
in order to allow decision makers to define new limits.

3.1.4.7. RECYCLING

References :

- European Regulation: End of Life Vehicles (ELVs) Directive 2000/53/CE
Recyclability, Recovery and Reuse (RRR) 2005/64/CE

- UN-ECE regulation: no equivalence

Summary of the requirements:
*2000/53/CE:
The main purpose is to constrain the European Members states to improve the recycling and
the recovery of their EL Vs, starting with an objective of a minimum threshold to achieve for
both:
- recycling: 80 % in 2006 and 85 % in 2015
- recovery: 85 % in 2006 and 95 % in 2015
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First results have been published in 2008 as follow:

Europe : valorisation ratio (%) of the ELVs
Member States results adressed to the European Com

82,3/81 89.5/86,8 80/80 84 /83 85 /834
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81,5/81.2 |1 |:Reuse and
recoverability ratio
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Source : Eurostat
CYI 86,6 /854 update : 7/10/08
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Fig. 3.1.4.7-1: Valorisation Ration of the ELVs

*2005/64/CE

To contribute to the above targets, the main purpose of the RRR Directive is to constrain the
Cars manufacturers to improve the recyclability and the recoverability of their vehicles, start-
ing with an objective at the type approval of a minimum threshold to achieve for both:

- recyclability: 85 %

- recoverability: 95 %

from 15/12/2008 for New Types and from 15/07/2010 for all types.

The process established by the car manufacturer in terms of:

- Recommended strategy for recycling and recovery,

- Collection and traceability of the relevant data (weights of the components, chemical na-
ture of the materials),

- Calculation of the ratio according to ISO 22628.

- Compliance with the heavy metals ban (Lead, Mercury, Cadmium, ChromiumVI) , ex-
cept for certain applications under derogation

is evaluated by the type approval authorities each two years.

3.1.4.8 ‘GREEN PUBLIC PROCUREMENT’ DIRECTIVE
On 22™ Oct 2008, The European Parliament backed the first reading agreement with the Council

regarding the Directive ‘On the promotion of clean and energy efficient road transport vehicles’.
18 months after publication, the directive shall be transposed into national laws. The directive
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requires contracting entities (public authorities) to take into account also criteria addressing op-
erational CO,, NOy, NMHC, and PM emissions, and operational ,energy consumption’ when
purchasing road transport vehicles. Contracting authorities can consider including other envi-
ronmental impacts.
Member States can do this by
1. setting technical specifications for energy and environmental performance (e.g. a certain
minimum emission standard)
2. or by including energy and environmental impacts in the purchasing decision, whereby:
a. 1n cases where a procurement procedure is applied, this shall be done by using
these impacts as award criteria (e.g. maximum CO, emissions)
b. in cases where these impacts are monetised, a proposed calculation methodology
shall be applied (internalisation of external costs).
In case of 2b, the lifetime cost for the operation of a vehicle shall be calculated by:
e determining operational lifetime fuel consumption, and converting it into ,energy
consumption’, based on values proposed in the legislation
(table 3.1.4.8-1)
e determining operational lifetime CO; emissions and emissions of NOx, NMHC,
and PM
e determining emissions based on standardised EU test procedures for the vehicles
for which such test procedures are defined in EU type approval legislation. For
vehicles not covered by standardised EU test procedures, comparability between
different offers shall be ensured by using widely recognised test procedures, or
the results of tests for the authority, or information supplied by the manufacturer.
e (Converting operational lifetime energy consumption, CO, emissions and emis-
sions of NOy, NMHC and PM, into ,costs’ based data provided by the legislation
(table 3.1.4.8-2)
e using lifetime mileages defined in the legislation, if not otherwise specified (table
3.1.4.8-3)

Tab. 3.1.4.8-1: Energy content of motor fuels.

Fuel Energy content
Diesel 36 MJ/litre
Petrol 32 MI/litre
Natural Gas/Biogas 33 - 38 MJ/Nm®
LPG (liquefied petroleum gas) 24 MJ/litre
Ethanol 21 MJ/litre
Biodiesel 33 MJ/litre
Emulsion fuel 32 MJ/litre
Hydrogen 11 MJ/Nm®
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Tab. 3.1.4.8-2: Cost for emissions in road transport (in 2007 prices).

CO;

NOy

NMHC

Particulate Matter

3-4 €cents/kg

0.44 €cents/g

0.1 €cents/g

8.7 €cents/g

Tab. 3.1.4.8-3: Lifetime mileage of road transport vehicles.

Vehicle category
(M and N categories as defined in Directive
2007/46/EC)

Lifetime mileage

Passenger cars (M1) 200 000 km
Light commercial vehicles (N1) 250 000 km
Heavy goods vehicles (N2, N3) 1 000 000 km
Buses (M2, M3) 800 000 km
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3.1.5. ENVIRONMENTAL LABEL SWITZERLAND
Development of an environmental rating label for cars [11]

In 2007, the Federal Department of the Environment, Transport, Energy and Communications
(DETEC) decided to continue development of the energy rating label for cars, which assesses the
energy efficiency of cars according to categories on a scale from A to G. An environmental la-
bel is to be developed from the current rating label, which, apart from the classification of cars
into efficiency categories, also makes possible differentiation according to ecological and espe-
cially air quality criteria. It is planned to introduce the new environmental label on 1 January
2010.

The content of the existing energy label should be transferred to the future environmental label
virtually without change, though complemented by additional information on the environmental
impact of the vehicle. Included in the environmental rating are two assessments that are inde-
pendent of one another. The energy efficiency is appraised according to the previous seven cate-
gories from A to G. The same number of vehicle models is now to be classified in each cate-
gory. The energy section will be supplemented by an environmental section in the form of envi-
ronmental impact points. These environmental impact points will appear on the environmental
label in the form of figures and graphically, similar to what is currently the case on the energy
label for CO, emissions. The environmental impact points derive from the criteria compiled by
the Federal Office for the Environment (FOEN) for energy efficient and low-emission vehicles
(Kriterien fiir energieeffiziente und emissionsarme Fahrzeuge (KeeF)). The calculation of envi-
ronmental impact points includes emissions of NOx, HC, PM,y, CO, CO,, noise and fuel produc-
tion.

Along with more comprehensive consumer and fuel consumption information, the future envi-
ronmental label should also make it possible to take into consideration further environmental
aspects in the ecological differentiation of Cantonal motor vehicle taxes and Federal car tax. The
Commission for the Environment, Town and Country Planning and Communications of the
Council of States UREK-S provided information on the main features of a bonus system in Oc-
tober 2008. With effect from today, car tax should be increased from 4 to 8%. The increased
income should be used for the financial promotion of energy-efficient and environmentally-
friendly vehicles. With this scheme, vehicles in energy efficiency category A should receive the
energy efficiency bonus in full, whereas those in category B should receive 50%. It is also
planned that vehicles below a certain number of environmental impact points will receive an
environmental bonus. The relevant amendment to the Car Tax Act will be put out to consulta-
tion from November 2008.

The environmental label with its additional consumer information and the differences in car tax

it supports should result in cars on Swiss roads which in future are more modern and resource-
efficient, with less impact on the environment.
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3.1.6. INDIA

3.1.6.1. INDIA ENVIRONMENTAL REGULATIONS
Regulation Reference Comment
CO, Discussion ongoing. Proposals based SIAM presentations
on mass CO, target lines affective
2010. Less stringent targets compared
to EU.
HC+No,, Co From April 2005, India State emis- CENTRAL MOTOR VEHI- Regulation Name:
Light Duty sions requirements based on European | CLES RULES, 1989 (EX- INDIA EMIS-
Stage II with the National Capitol TRACTYS) SIONS FORECAST
Region (NCR) and other cities, man- | Latest amendment Notification |- LIGHT DUTY
dating requirements based on Euro- No. GSR 207(E) dated April
pean Stage III. Stage III applicable to | 10, 2007
India State from April 2010. Stage IV
applies to the NCR and 11 cities from
Apr 2010. Both India and NCR have
adopted a modified test procedure
with a limit of 90 kph.
OBD Require- The Bharat Stage IV requirements are | draft BS-IV, CMVR draft 2006 | Regulation Name:
ments amended to mandate OBD. OBD is Bharat Stage IV -

applied in 2 phases, with the OBD
thresholds (identical to the European
Stage 111 / IV thresholds) being ap-
plied at the second step.

VEHICLES AFFECTED: All Light
Duty Vehicles (M&N) GVM <=
3500kg

proposed inclusion
of OBD

Noise Require-

Exterior noise requirements applicable

G.S.R.849(E), Environment SI

Regulation Name:

ments from 1 Jan 2003, 1 July 2003 & 1 No 56 dated 30 December 2002 | EXTERIOR NOISE
April 2005 manufacture. REQUIREMENTS
Type Approvel — Revised requirements for conversion Regulation Name:
CNG Vehicles and retro-fitment of Compressed TYPE APPROVAL
Natural Gas (CNG) systems. Appli- OF CNG VEHI-
cable from 19 May 2002. CLES
Regulation Number:
NOTIFICATION

NO.853(E) 19 NOV
2001

Exterior Noise

Drive-by & static noise, equivalent to
70/157/EEC as amended but includes
electric vehicles.

UN ECE WP29

Regulation Number:
ECE-51.02 Suppl. 5

Regulation Name:
EXTERIOR NOISE
- ECE Regulation

Diesel Emissions

System type approval of vehicles
equipped with diesel engines with
regard to the emission of pollutants by
the engine. Static steady state test
used for type approval, with free ac-
celeration test to give a reference
value for in-service testing. Choice of
engine component approval, plus
vehicle installation approval, or in-
vehicle approval. Limits (absorption
coefficients) dependent on engine

UN-ECE Regulation 24

Regulation Number:
ECE-24 amended to
ECE-24.03 Supp. 2.

Regulation Name:
DIESEL SMOKE
EMISSIONS
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Regulation Reference Comment

size. See Regulation for details. Free

acceleration test result increased by

0.5-1 and marked close to vehicle

VIN plate.
[ Type Approval + | Detailed regulations for type-approval | CMVR 1989 amended to GSR | Regulation Name:
In-Service Com- and in-service compliance by all vehi- | 589(E) 070ct05 CENTRAL MO-
plience ] cles in India. TOR VEHICLE

DEFINITIONS (CMVR 2): Vehicle RULES

category definitions are as for EU and Regulation Number:

UN-ECE 1958 Agreement. Smart A03198

Cards used in driving licences, etc.,

must be to ISO 7816 and CMVR

Annex XI.
[ Type Approval + | The MoRTH (Ministry of Road MoRTH Regulation Name:

In-Service Com-

Transport and Highways) has issued a

Amendments to the

plience ] list of amendments to the Central CMVR
Motor Vehicle Rules (CMVR) based
on the SIAM Road Map and GSR Regulation Number:
172(E). Most changes introduce re- S.0 589(E)
quirements for construction equip-
ment and trailers.
3.1.6.2. EXHAUST GAS EMISSION
i u iSSi ificati
Implementation Dates of Euro Emission Specifications for
New Passenger Vehicles
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 |
India Euro | (Bharat I) | Euro Il (Bharat If) | Euro Il (Bharat I11)
(nationwide) 2000 —04/2005 04/2005 — 04/2010 04/2010 -
it . Euro IIl (Bharat Ill)
In cities Delhi / NCR* Euro Il (Bharat I1) | e _
Mumbai Euro | (Bharat ) | Euro Il (Bharat II) | B gﬁgggﬁt e _
Kolkata and Euro 1l (Bharat 117
Chennai Euro | (Bharat ) | Euro Il (Bharat I1) | 04/2005 _
Hyderabad /
Secunderabad, Kanpur, Euro Il Euro 11l (Bharat IIl)
Pune, Sho|apur E®0 (e (Bharat I1) 04/2005
and Surat Lucknow
Agra,
Ahmedabad, Euro | (Bharat ) Euro Il (Bharat II) Euro g;sgggsrat )
Bangalore

Note: *National Capital Region

(1) In India, Bharat norms are the equivalent of Euro norms.
(2) Areview in 2006 will determine nationwide specifications post-2010.

Fig. 3.1.6.2-1: Implementation Dates of Euro Emission Specifications for New Passenger

Vehicles.
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Driving Cycles:

Indian Test Cycle
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Fig. 3.1.6.2-2: Indian Test Cycle.

Tab. 3.1.6.2-1: Driving cycle summary.

Time (excl. soak) 1180 s

Distance m

Max. Speed 90 km/h

Ave. Speed km/h

Soak N/A

Gear shift (man) Fixed speeds
3.1.6.3. CO,

Automotive Industry (SIAM) is going to issue fuel efficiency labels at the point of sale as well as
fuel economy brochures. The Indian Standing committee of Sub committee on Emission under
MoSRTH has proposed CO, limits. The limits are based on the kerb weight.

3.1.6.4. NOISE

Indian noise regulation is basically similar to ECE R-51.02 with the exception that the tyres need
to have 90% of the residual tread pattern depth detailed in the ECE R-51.02.
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3.1.7. RUSSIA
3.1.7.1.  EXHAUST GAS EMISSION

Since April 2006, all vehicles registered in the territory of the Russian Federation must comply
with the Euro II emission standards. In terms of the next stage of requirements, a time Tab. has
also been adopted with Euro III emission requirements to be introduced on January 1, 2008, fol-
lowed by Euro IV emission requirements by January 1, 2010, and Euro V emission requirements
by January 1, 2014:

ECE R83/04 (Euro 2) since 1.1.2002

ECE R83/05 (Euro 3) from 1.1.2008 - draft
ECE R83/05 (Euro 4) from 1.1.2010 - draft
Euro 5 from 2014 — draft

3.1.7.2.  NOISE

Vehicle Pass-by Noise according ECE-R51-02

3.1.7.3.  INTERIOR NOISE

According the national standard GOST 51616-2000

3.1.7.4.  TIRE NOISE

According ECE-R117-00 with the enforcement date 1.1.2010.

3.1.7.5.  CONCENTRATION OF HARMFUL SUBSTANCES IN THE PASSENGER COM-
PARTMENT

According the national standard GOST 51206-98

updated 21/04/2009 51



3.1.8. BRAZIL

3.1.8.1. EXHAUST GAS EMISSION

Testzyklen EURO IV
-—— _J EURO I CO (g/km) 1.0
o ] 1 HC + Nox (g/km) | N.A
EUROII S okm 23
o TG k) 5% HC + Nox (g/km) | N.A HC (glkm) 0.1
= EUROI HC (g/km) 0.20 Nox (g/km) 0.08
: 5 HC + Nox (g/km) | 0.5 No: K 0.15 EVAP (g/test) 2.0
CO (g/km) 27 HC (gfkm) N.A % (g/km) ¥
) HC + Nox (g/km) | 0.97 Nox (g/km) NA EVAP (g/test) 2.0
r*&.: :; ({g‘:‘:‘) :-i EVAP (gltest) | 2.0
x . EVAP (g/test) 2.0
- 3{7 2 1 3
Gasohol / Alkohol - Normen PL 4 oo PLS T
PL3 CO (g/km) 2.0 HC (gkm) 03m
CO (g/km) 20 HC (gfkm) 030 |uahe {g/km) 0.06
HC (g/km) 0.3 [NMHC (g/km) 016 | [Rox gy b
- NMHC (g/km) N.A Nox (g/km) 0257 aidehydes m (gkm) | 0.02
2:::[.11!'?‘::}:1““|lvamrlm‘ N fg/km) &5 Aldehydes B glkm) | 0,03 P.M. ®{gfkm) 0.05
[~ NMOG - Non-meihane Organic Gases Aldehydes @ (gfkm)| 0.03 P-M. #(g/km) 0.05 EVAP @ (ghtest) 20.
~ HCHO - Formaldehyd P.M. ®{g/km) 0.05 EVAP # (gitest) 204
[;_‘ . N.A. - Not Aplicable EVAP = (gltest) 2,04
P %
% i 1) - Aplicable for GNV (Natural Gas) Viehicles TlER "
(2)- J\p!:lcabin for .Gasol.ine. or Ethanol Viehicles CO (g/km) 2.1
{ 3} = Aplicable for Diesel Vehicles HC k
{4} -1 Hour Hot Soak TIER | (9/km) N.A
(5) -3 day diurnal plus Hot Soak CO (g/km) 21 NMHC (g/km) N.A
HC (g/km) N.A NMOG (g/km) 0.04
NMHC (g/km) 0.16 HCHO (g/km) 0.009
i NMOG (g/km) N.A Nex (g/km) 0.12
oty HCHO (g/km) 0.009 Aldehydes @ (g/km) | N.A
B0
7o Nox (g/km) 0.25 P.M. = (glkm) N.A
| PLI3 mw| PL44 | PLS Aldehydes ® gkm)| NA EVAP @ (gitest) | 2.0m
an 7TEA P.M. #i{gfkm) 0.05
e EVAP @ (gitest) [ 2.0
1%

Fig. 3.1.8.1-1: Exhaust gas emission legislation.

¢ CONAMA Resolution No. 315/2002 PROCONVE L -5

Article 4 As of January 1st, 2009, the following maximum exhaust emission limits for light duty
passenger vehicles (PROCONVE L -5) shall apply:

a) carbon monoxide (CO): 2.0 g/km;

b) total hydrocarbons (THC), only for natural gas vehicles: 0.30 g/km;

¢) non-methane hydrocarbons (NMHC): 0.05 g/km;

d) nitrogen oxides (NOy) for gasoline engines: 0.12 g/km;

e) nitrogen oxides (NOy) for Diesel engines: 0.25 g/km;

f) aldehydes (CHO*), only for gasoline engines (except natural gas): 0.02 g/km,;

g) particulate matter (PM), only for Diesel engines: 0.05 g /km;

h) content of carbon monoxide at idling speed, only for gasoline engines: 0.50% vol.

Driving Cycle: FTP75.

3.1.8.2. NOISE

Targets CONAMA Resolution No. 272/2000 in line with 70/157/EWG
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Tab. 3.1.8.2-1: Maximum noise emission limits for motor vehicles.

CATEGORY MNOISE LEVEL — dB(A)
DIESEL
DESCRIPTION OoTTO Injection
Direct Indirect

a | Passenger vehicle up 74 75 74

to nine seats
b | Passenger vehicle with |PBT up to 2,000 kg 76 77 76

more than nine seats

Cargo or traction PBT between 2,000 kg

vehicle and and 3,500 kg I 78 7

multi-purpose vehicle
¢ | Passenger vehicle or | Maximum pcwechwer

multi-purpose vehicle |than 150 kW {204 HF) 78 78 78
with PBT exceeding

3,500 kg
Maximum power equal
to or exceeding 80 80 80
150 kW (204 HP)
d | Cargo or traction Maximum power lower
wvehicle wath PBT than 75 KW (102 HP) T7 T 7

exceeding 3,500 kg

Maximum power be-
tween 75 kW (102 HF) 78 78 78
and 150 kW (204 HF)
Maximum power equal
to or exceeding 80 80 80
150 kW (204 HFP}

3.1.9. AUSTRALIA

3.1.9.1. EXHAUST GAS EMISSION

ADR 79/02 Emission Control for Light Vehicles (M und N) < 3,5 t gross vehicle weight.
Alternative Standards:

ECE R- 83, Revision 3, incorporating the 05 series of amendments and all amendments up to and
including Supplement 1 to the 05 series of amendments

Tab. 3.1.9.1-1: ADR 79/02 Emission Control for Light Vehicles (M und N) < 3,5 t gross
vehicle weight.

Date Date Emission standard
New vehicles All vehicles

Gasoline 01.01.2003 01.01.2004 Euro 2

Gasoline 01.01.2005 01.01.2006 Euro 3

Gasoline 01.07.2008 01.07.2010 Euro 4

Diesel 01.01.2006 01.01.2007 Euro 2

Diesel 01.01.2006 01.01.2007 Euro 4
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3.1.9.2. NOISE
ADR 83/00 — External Noise

Alternative Standards:

For M and N category vehicles, the technical requirements of United Nations Economic
Commission for Europe Regulation No. 51 Uniform Provisions Concerning the

Approval of Motor Vehicles Having at Least Four Wheels with Regard to Their Noise
Emissions, incorporating the 02 series of Amendments, up to and including corrigendum

1 to supplement 3 to the 02 series, are deemed to be equivalent to the technical requirements of
this vehicle standard

3.1.9.3 FUEL CONSUMPTION
ADR 81/02 —Fuel Consumption Labelling for Light Vehicles

Alternative Standards:

The fuel consumption values and carbon dioxide emissions values declared for the vehicle by the
manufacturer in accordance with the requirements ECE R-101, Revision 2 — Amendment 1, in-
cluding all amendments up to and including Supplement 7, are deemed to be equivalent to the
fuel consumption values and carbon dioxide emissions values specified for that vehicle

in clause 4.3 of this vehicle standard.

3.1.10. STANDARDS

ISO 14021
1SO 14040/44

[ISO 14020, 14062]
1SO 22628

< further input expected >
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3.2. TOOLS FOR A HOLISTIC APPROACH

With regard to the analysis of the available literature it has to be stated that a large number of
references, links and information concerning EFV can be located. Often the titles of the articles
or of the websites include ambitious keywords like: ’efficiency of cars’, ‘global warming’, ‘al-
ternative fuels’, ‘sustainability’, ‘energy consumption and the correlating emission of greenhouse
gases’, ‘well to wheel analysis’, ‘lifecycle assessment’ and so on. But the very most of them do
not cover detailed information about the various requirements which EFV have to meet in gen-
eral nor do the articles comprise concepts how to assess the environmental friendliness of cars in
particular.

Since no comprehensive concept that comprises all influencing factors is available to evaluate if
a vehicle is an EFV so far, the relevant issues regarding the environmental friendliness of cars
have to be screened and analysed separately in order to provide the best basis for the feasibility
analysis regarding the development of a holistic concept to determine and classify EFVs.

Before going into detail about the findings concerning EFV a clear distinction between the the-
matic priorities of the sources / literature is necessary. There are several main categories of in-
fluencing factors which affect EFVs. These categories concern particularly the energy consump-
tion and exhaust gases emissions of EFV with regard to:

e the environmental impact of production, use and recycling of the vehicle: lifecycle considera-
tions (LCA)
e the efficiency of fuels for road transportation: well-to-wheel (WTW) considerations

The analysis is often broken down into stages such as:
- pre-chain of the energy provisioning and supply: well-to-tank (WTT) considerations
- operation of the vehicle: tank-to-wheel (TTW) considerations

3.2.1. WELL TO WHEEL APPROACHES

3.2.1.1. EU STUDY “WELL-TO-WHEEL ANALYSIS FOR FUTURE AUTOMOTIVE FU-
ELS AND POWERTRAINS IN THE EUROPEAN CONTEXT” BY EU-
CAR/CONCAVE/JRC [2]

EUCAR, CONCAWE and JRC (the Joint Research Centre of the EU Commission) regularly
publish a joint evaluation of the Well-to-Wheels energy use and greenhouse gas (GHG) emis-
sions for a wide range of potential future fuel and powertrain options relevant to Europe in 2010
and beyond [2].

Aside from the above mentioned main study additionally two separate special reports were pub-
lished one concerning the well-to-tank concerns and one the tank-to-wheel aspects. Hence the
two topics WTT and TTW of the EUCAR/CONCAVE/JRC study will be covered separately in
the following.

. WTT-Report
The report identifies the potential benefits of substituting conventional fuels by alternatives.
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For a well-to-tank analysis more than 100 pathways are examined regarding production, trans-
port, manufacturing, distribution and availability of fuels on a costing basis. Two scenarios are
calculated: One in which the alternative fuel was introduced or expanded in 2010-2020 and one
"business as usual” reference scenario.

As an energy carrier, a fuel must originate from a form of primary energy, which can be either
contained in a fossil feedstock or fissile material, or directly extracted from solar energy (bio-
mass or wind power). Generally a given fuel can be produced from a number of different pri-
mary energy sources. In the study all fuels and primary energy sources have been included that
appear relevant for the foreseeable future. The following matrix summarises the main combina-
tions that have been included.

Tab. 3.2.1.1-1: Primary energy resources and automotive fuels.

Fue
] _E o :-Erl _
Eni e R = wo | 2
o E o i ) egles @ : w £
Resource o gFaol = g S I:I=I s [= 3 1
[ J T =N [ il = L =
Crude oil X
Coal X X X X X
Natural gas Piped X o | X X X X
Remaots AR x AR M X . X
LPG Remaote™ X X
Biomass  Sugar beet X 1
Wheat x X
Wheat straw x
Sugar cans x
Rapeseed k4
Sunflower X
Woody wasie x X X X
Farmed wood X X X X X
Organic waste xH ¥
Elack lsowor X X X ¥ X
Wind X
Nuclzar X
Electricity X
" withswfnout CO, capbure and Bequestation

W zingas
™ agsociated with natural gas producticn

. TTW-Report
In this study the fuel consumption respectively the greenhouse gas emissions (CO,, CHg, N,O)

of conventional and alternative fuels as well as powertrain options were compared. But the
study was not carried out with real vehicles. This was rather done on a virtual basis. For this
purpose a fictitious vehicle (similar to a VW Golf model) was considered to be the vehicle of
comparison. The required data were calculated by means of computer simulation on the basis of
the NEDC. Taking customer preferences into account this vehicle also had to meet some mini-
mum requirements concerning e.g. maximum speed or acceleration.

The study is mainly addressed to future development of fuel and powertrain options (as from

2010). More detailed information about the basic results of the study are summarised in the
main report.
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To establish comparability a common vehicle platform representing the most widespread Euro-
pean segment of passenger vehicles (compact 5-seater European sedan) was used in combination
with a number of powertrain options (see Tab. 3.2.1.1-2).

Key to the methodology was the requirement for all configurations to comply with a set of
minimum performance criteria relevant to European customers while retaining similar character-
istics of comfort, driveability and interior space. Also the appropriate technologies (engine,
powertrain and after-treatment) required to comply with regulated pollutant emission regulations
in force at the relevant date were assumed to be installed. Finally fuel consumptions and GHG
emissions were evaluated on the basis of the current European type-approval cycle (NEDC).

Tab. 3.2.1.1-2: Automotive fuel and powertrain options covered by
EUCAR/CONCAWE/JRC study.

Powertrains PISI DIsl DICI | Hybrid | Hybrid | Hybrid FC Hybrid | Ref +
PISI DISI | DICI FC |hyb.FC
Fuels
Gasoline 2002 2002 2010+ | 2010+ 2010+
2010+ | 2010+
Diesel fuel 2002 2010+ 2010+
2010+
LPG 2002
2010+
CNG Bi-Fuel 2002
2010+
CNG (dedicated) 2002 2010+
2010+
Diesel/Bio-diesel blend 2002 2010+
05/5 2010+
Gasoline/Ethanol blend 2002 2002 2010+
95/5 2010+ | 2010+
Bio-diesel 2002 2002
2010+ 2010+
DME 2002 2010+
2010+
Synthetic diesel fuel 2002 2010+
2010+
Methanol 2010+
Naphtha 2010+
Compressed hydrogen 2010+ 2010+ 2010+ | 2010+
Liguid hydrogen 2010+ 2010+ 2010+ | 2010+

PISI: Port Injection Spark Ignition

DISI: Direct Injection Spark lgnition

DICI: Direct Injection Compression Ignition
FC: Fuel cell

The study is mainly addressed to future development of fuel and powertrain options (as from
2010). More detailed information about the basic results of the study are summarised in the
main report.

° Results of EUCAR/CONCAWE/JCR Study

General observations and general remarks
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- Both fuel production pathway and powertrain efficiency are key to GHG emissions and en-
ergy use.

- A shift to renewable/low fossil carbon routes may offer a significant GHG reduction poten-
tial but generally requires more energy. The specific pathway is critical.

- Results must further be evaluated in the context of volume potential, feasibility, practicabil-
ity, costs and customer acceptance of the pathways investigated.

- A shift to renewable/low carbon sources is currently expensive.

- GHG emission reductions always entail costs but high cost does not always result in large
GHG reductions

- No single fuel pathway offers a short term route to high volumes of “low carbon” fuel

- A wider variety of fuels may be expected in the market

- Advanced biofuels and hydrogen have a higher potential for substituting fossil fuels than
conventional biofuels.

- Optimum use of renewable energy sources such as biomass and wind requires consideration
of the overall energy demand including stationary applications.

e The model vehicle is merely a comparison tool and is not deemed to represent the European
average, a/o in terms of fuel consumption.

e The results relate to compact passenger car applications, and should not be generalized to
other segments such as Heavy Duty or SUVs.

e No assumptions or forecasts were made regarding the potential of each fuel/powertrain com-
bination to penetrate the markets in the future. In the same way, no consideration was given
to availability, market share and customer acceptance.

e The study is not a Life Cycle Analysis. It does not consider the energy or the emissions in-
volved in building the facilities and the vehicles, or the end of life phase. Other environ-
mental aspects such as HC/NO,/CO (Summer smog / Acidification), lands use, etc. are also
not addressed.

3.2.1.2.  EU-PROJECT: CLEANER DRIVE

The "Cleaner Drive"-project [12] was part of a 5th FP European project. One Goal of "Cleaner
Drive” was to develop a robust methodology for a vehicle environmental rating for the Commu-
nity. Based on a well to wheels approach the ranking considers:

e Greenhouse gases (CO,, CH4, N0, O3)
e Air Pollution (CO, NOx, NMHC, SO,, PM10)

Sources for the used data comprise type approval data and data from the EU-Project “MEET”.
Belgian Ecoscore

In 2004 the “Cleaner Drive” rating concept was compared with another similar rating method
called “Ecoscore” [13, 14]. As “Cleaner Drive” the “Ecoscore” rating is based on a scale of 0 —
100 but it was developed for the capital region of Brussels and there is a slight difference in the
exhaust gas components which are ranked (e.g. the greenhouse gas component O3 is not moni-
tored and instead of NMHC the total HC is calculated). Moreover in the Ecoscore rating the
issue noise is taken into account. The emissions are weighted with different weighting factors.
Ecoscore also uses type approval data and state-of-the-art data, based on the EU-Project
“MEET”.
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As a result of this comparison it could be seen, that both ratings are robust and indicate similar
results. In the meantime an update of the Ecoscore rating was performed. The weighting factors
are now suited for a mix of urban and extra urban environment, where the first version of Eco-
score was targeted more towards an exclusively urban environment (eg. the damage to buildings
was excluded in the update). Some pollutants were removed (eg. aromatic compounds), and the
update uses external costs (ExternE) to express the impact on air quality.

An overview of the current Ecoscore methodology is shown below.
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Fig. 3.2.1.2-1: Environmental rating of vehicles with different fuels and drive trains [13].

For communication purposes towards a broad public, it is important to use a score that is easy to
understand. That’s why the total impact (TI) is transformed into a score ranging from 0 to 100, 0
representing an infinitely polluting vehicle and 100 indicating an emission free and silent
(40dB(A)) vehicle. The reference vehicle corresponds to an Ecoscore of 70. The transformation
is based on an exponential function (see figure 3.2.1.2-1), so it can not deliver negative scores.
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Fig.3.2.1.2-2: ...

Ecoscore is used in the three Belgian regions (Walloon Region, Flemish region and Brussels
Capital region). For information purposes a bilingual website (Dutch/French) is developed:
www.ecoscore.be. This website gives rankings, the ecoscore of all passenger cars and allows you
to calculate the ecoscore of your car based on the emissions from the coc (certificate of confor-
mity) of your car. Ecoscore is also used in the Flemish Region for purchasing reasons, as well as
cars purchased by the Flemish region as cars purchased by municipalities. Also the federal gov-
ernment and the Brussels region plan to used ecoscore as purchasing tool. The Flemish region is
also planning to reform registration tax and annual vehicle tax based on the ecoscore of the car.

3.2.1.3. CONCEPT FOR AN ENVIRONMENTALLY FRIENDLY VEHICLE (EFV)
FROM TNO [BASED ON EFV-02-05] [14]

Starting from the point that the whole chain (WTW analysis) has to be considered when vehicles
are assessed concerning their environmentally friendliness this approach is focused on two key
aspects: energy efficiency and CO,-emissions which both have to be included into the assess-
ment of EFVs. The TNO concept proposes a separation into a part related to the fuel side and a
part related to the vehicle side. For the fuel side, the fuel production or fuel type are considered
by means of CO; emissions or carbon content from well to wheel, per unit of energy at the tank.
For the vehicle side, the main attribute is the energy efficiency of the vehicle.

In order to evaluate EFVs, the two key aspects energy efficiency (EE) and CO, emissions need
to be combined. However, it would help to clear responsibilities (and therefore facilitate imple-
mentation) if it would be possible to separate fuel characteristics form vehicle characteristics.
This concept is visualised in the following graph:
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For the concept of the EFV, the following choices are proposed:

focus on passenger cars first

pollutant emissions need a minimum standard (eg euro 6, but could depend on region)
Focus on well-to-wheel CO, emissions and energy efficiency

A EFV criteria should be technology neutral

How to evaluate vehicles as EFV, needs to be considered in more detail; possible ways include:
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Fig.: 3.2.1.3-2: WTW CO; emissions versus TTW energy efficiency, but it has the disadvantage
that WTT energy efficiency is not included.
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Fig.:3.2.1.3-3: WTW CO, emissions versus WTW energy efficiency, but the disadvantage is
horizontal axis is not independent (of the fuel characteristics).

Conclusion:

The type of criteria (for EFV) determines the most suitable graph. Therefore it is needed to fur-
ther investigate the most suitable criteria for the EFV concept. It would be useful to compare
more example vehicles to understand better the trade-offs.
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3.2.2. LIFE CYCLE ASSESSMENT (LCA)
3.2.2.1.  GREET Model (DOE USA) [17]
The U.S. Argonne research centre has developed the "Greenhouse Gases, Regulated Emissions,

and Energy Use in Transportation Model (GREET)" sponsored by the U.S. Department of En-
ergy (DOE). GREET considers the full life-cycle of vehicles combining two platforms:

e  The fuel-cycle module (well to wheels analysis regarding resource extraction, fuel produc-
tion, transport, storage, distribution and marketing and vehicle operation)

e  The vehicle-cycle module (regarding the energy and emission effects associated with vehi-
cle material recovery and production, vehicle component fabrication, vehicle assembly and
vehicle disposal/recycling)

For a given vehicle and fuel system, GREET can calculate:

o Consumption of total energy (energy in non-renewable and renewable sources), fossil fuels
(petroleum, natural gas and coal together), petroleum, coal and natural gas.

. Emissions of CO,-equivalent greenhouse gases - primarily carbon dioxide (CO,), methane
(CH4) and nitrous oxide (N,O).

e  Emissions of six criteria pollutants: volatile organic compounds (VOCs), carbon monoxide
(CO), nitrogen oxide (NOx), particulate matter with size smaller than 10 micron (PM10),
particulate matter with size smaller than 2.5 micron (PM2.5) and sulphur oxides (SOx).

GREET can simulate more than 100 fuel production pathways and more than 70 vehicle / fuel
systems. The GREET software is available at no charge.

For purposes of complying with the California Low Carbon Fuel Standard regulation, a regulated
party must choose one of the methods (Method 1 or Method 2) for determining its fuel’s carbon
intensity value. Method 1 uses the California-modified GREET model (version 1.8b).

3.2.2.2.  ACEEE’s Green Book (US) [18]

The American Council for an Energy-Efficient Economy (ACEEE) publishes a "Green Book —
The Environmental Guide to Cars and Trucks, an annual consumer-oriented guide providing
environmental rating information for every new model in the U.S. lightduty vehicle market”.
The Green Book is based on principles of lifecycle assessment and environmental economics.
Three areas are examined:
. Manufacturing of vehicle
ACEEE uses statistics, which estimate the average emission of each pollutant per unit of
vehicle weight. These are multiplied by vehicle mass (curb weight) and divided by average
vehicle lifetime mileage.
° Tailpipe emissions (CO, HC, NOy, PM)
ACEEE adds adjustment factors to the emission standards to which a vehicle is certified,
considering that emissions can be higher in real-world driving.
e  Fuel economy data
Fuel economy data include all emission rates due to fuel lifecycle.
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For assessing environmental harm done by each pollutant, the associated costs to society are es-
timated. Adding all these results leads to an Environmental Damage Index (EDX). The EDX is
converted to a Green Score on a scale of 0-100 and a fivetier class ranking is performed (Supe-
rior, Above Average, Average, Below Average and Inferior).

The vehicles are listed in the categories:

e  Best of the year (greenest models in each vehicle class)

. Greenest Vehicles of the year (highest Green Scores overall)
. Meanest Vehicles of the year (worst Green Scores overall)

As a result of the used methodology, most of the diesel-powered vehicles score “Inferior” be-
cause of their amount of NO,.

In addition to this, further findings concerning such concepts are specified in the literature list,
chapter 6. Notably [19] and [20] are worth mentioning.

3.2.23. LIRECAR PROJECT] ]

Background

Guidelines for performing automotive LCA were established by a dedicated LCA working group
of the European Council for Automotive R & D (EUCAR) [19]. In a EUCAR research project
cofinanced by the European Commission's research program for 'competitive and sustainable
growth'. This specific screening LCA project looks at 'light and recyclable cars' (LIRECAR) in
a generic way, i.e. not one specific vehicle design with its specific processes.

One guiding principle of this project was the involvement of all affected Life Cycle stakeholders
from the very beginning. In an advisory group all life cycle stages are virtually represented by
stakeholders. This has been seen to be important for the acceptance of the study results, as well
as for enabling an optimal exploitation of the study conclusions throughout the life cycle; group
members included:

o Material & Part Suppliers: PlasticsEurope (former APME), Eurometaux, European Alu-
minium Association (EAA), European Association of Automotive Suppliers (CLEPA), In-
ternational Iron and Steel Institute (IISI), International Magnesium Association (IMA),

e  Automotive Manufacturers: Adam Opel AG, Centro Ricerche Fiat S.C.p.A, DaimlerChrys-
ler AG, Ford-Werke AG, Regienov Renault, Volvo Car Corporation, Volkswagen AG,

. Environmental Non-Governmental Organisation (NGO): Friends of the Earth,

. Research: Institute for Prospective Technological Studies, Joint Research Centre, European
Commission (JRC IPTS),

o End-of-Life: European Ferrous Recovery and Recycling Federation / European Shredder
Group (EFR-ESG).

The description of LIRECAR is taken from [ ]

Approach

The goal of the LIRECAR Project is to identify and assess lightweight design and End-of-Life
options from a pure environmental point of view on a life cycle basis. The goal of the study im-
plies a comparative assertion of these options. Any other aspects (besides life cycle, lightweight
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concepts and recycling issues) are out of the goal and scope of the study. In particular, changes
in safety or comfort standards, propulsion improvements for CO, or user behavior and accep-
tance are out of the scope. The purpose is not to generate a general LCA/LCI data model but to
answer specific questions including:

o What are the environmental impacts of lightweight design options?
o What is the importance of the EOL phase relative to other life cycle phases?

o What are the impacts of End-of-Life technology variation in the overall environmental pro-
file?

In the LIRECAR Project, the system under consideration consists of three different sets of main
vehicle scenarios. 1000 kg reference vehicles (material range of today's End-of-Life, midsized
vehicles produced in the early 1990's) and 2 lightweight scenarios of 100 kg and 250 kg reduced
weight (scenarios called 900 and 750, respectively) based on reference functions (in terms of
comfort, safety, etc.) and vehicle concept. The scenarios represent, by their material break-
down, a broad variety of theoretical lightweight strategies — in fact up to 7 vehicle concepts are
aggregated in the range of one vehicle scenario. The reference vehicle scenario has been set to
ELVs (End-of-Life Vehicles) of today (produced in the 1990's).

The functional unit is defined as follows: a European, compact-sized, five-door gasoline vehicle
for 5 passengers including a luggage compartment, and all functions of the defined reference
scenario with a mileage of 150,000 km over 12 years, complying with the same emission stan-
dards.

The system boundaries include the whole life cycle from raw material extraction to the final re-
cycling / disposal stage (Fig. 2.2-1). However, due to the goal of LIRECAR and the complexity
of the car as a system, everything is outside the system boundaries that is too company and de-
sign specific or associated with no significant environmental burden (further details in Schmidt
et al 2004).

Results

In the Fig.s (Fig. 3.2.2.3-1), the grey part in the bottom of each column stands for the potential
environmental impacts of the production phase. Within this grey colored section the part below
0 per cent represents the credits given for products of the recycling phase. So, the absolute value
of both sections in total indicates the potential environmental impacts of the production phase
without giving credits for EOL products (no use of recycled materials in production). Looking at
the basic scenario with the extreme End-of-Life assumption of recycling for shredder residue, the
positive impact of recycling (credit minus EOL emissions) remains clearly below 10 per cent
(often even below 3 per cent) for all impact categories, with few exemptions, while the share of
the use phase is mainly 90 per cent or higher for the basic scenario. Only for total waste is the
recycling credit the dominant factor, while the use phase share is around 50 per cent. Interest-
ingly, most of these shares are very similar for the other EOL scenarios (no recycling or energy
recovery of shredder residue).
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Fig. 3.2.2.3-1: Shares of different life cycle stages looking at different scenarios (8 examples for
scenarios detailed in (Schmidt et al 2004)— other sensitivity results may show dif-
ferent results; minimum or maximum values for different LCIA parameters are
not necessarily referring to the same vehicle composition per cent of max refer-
ence).

A major challenge of most LCA studies is to condense all available data without getting non-
transparent for the individual scenarios and impact categories. Here, the objective is to deter-
mine whether the lightweight or End-of-Life technology variations are relevant for the different
environmental categories. This should be only concluded where a significant difference between
lightweight or End-of-Life scenarios can be found. Therefore, the question concerning which
differences in the results of the lightweight and End-of-Life scenarios are actually significant has
to be addressed considering relevant scenarios altering key assumptions (see Tab. 3.2.2.3-1 for
the definition of changed key data). This is fairly difficult as there are no established statistical
methods to systematically determine the significance of LCA results. As a consequence, other
approaches to determine significance have to be applied. Within LIRECAR, two different crite-
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ria for a significant difference are applied — the criterion 'No overlap' between the ranges of the
material scenarios and the stricter criterion 'Difference larger than material range'.

Tab.3.2.2.3-1: .......
Scenarlo AP EP GWP ODP POCP ADP Haz. W Total W
Basic Lightweight 0 0 ++ ++ + ++ + 0
EOL 0 0 0 0 0 0 0 +
Low emissions limit Lightweight 0 0 ++ ++ + ++ + 0
ECL 0 0 0 0 0 0 0 +
FRV 0.5 Lightweight (1] 0 ++ ++ ++ ++ + (1]
ECL 0 0 0 0 0 0 0 +
FRV 0.1 Lightweight 0 0 0 ++ 0 0 0 0
EOL 0 0 0 0 0 0 0 +
No EOL credit Lightweight 0 0 0 + + + 0 0
ECL 0 0 0 0 0 0 0 0
MNo stockpile goods Lightweight 0 0 ++ ++ + ++ + o'
ECL 0 0 0 0 0 0 0 o'

Crlterlon: 'No overlap'. A '+' in terms of 'No overlap' means that the minimum value of one vehicle weight or EOL scenario is higher than the
maximum value of another weight or EOL scenario

General Note: The lines 'lightweight' and 'EOL' indicate the differences between different lightweight scenarios (with the EOL treatment being the
same) or different EOL treatments (with the vehicle scenario being the same)

" This result refers to 'Waste to be landfilled/treated’ instead of 'Total waste'

Tab.3.2.2.3-2: ........ . ‘ ) i}
Scenarlo AP EP GWP ODP POCP ADP Haz. w Total W
Basic Lightweight 0 0 + ++ 0 + 0 0
ECL 0 0 0 0 0 0 0 0
Low emissions limit Lightweight 0 0 + ++ 0 + 0 0
EOL 0 0 0 0 0 0 0 0
FRV 0.5 Lightweight 0 0 ++ ++ + + 0 0
EOL 0 0 0 0 0 0 0 0
FRV 0.1 Lightweight 0 0 0 0 0 0 0 0
ECL 0 0 0 0 0 0 0 0
No EOL credit Lightweight 0 0 0 0 0 0 0 0
EOCL 0 0 0 0 0 0 0 0
No stockpile goods Lightweight 0 0 + ++ 0 + 0 a!
EOL 0 0 0 0 0 0 0 o'

Criterlon: 'Difference larger than material range'. A '+' means that the difference between the minimum value of one weight or EOL scenaric and
ancther weight or EOL scenario is larger than the largest range between the minimum and maximum value of one of the vehicle or EOL scenarios
General Nole: The lines 'lightweight' and 'EOL' indicate the differences between different lightweight scenarios (with the EOL freatment being the
same) or different EOL treatments (with the vehicle scenario being the same)

1 This result refers to “Waste to be landfilled/treated” instead of 'Total waste'

AP — Acidification Potential POCP — Photochemical Oxidant Creation Potential
EP — Eutrophication Potential ADP — Abiotic Resource Depletion Potential
ODP - Ozone Depletion Potential Haz W — Hazardous Waste

Looking at the three main questions, the following conclusions are drawn by LIRECAR:
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3.2.2.4. LCA CONCEPTS FROM VEHICLE MANUFACTURERS

The methodological details in applying the life cycle concept are not fully aligned between the
vehicle manufacturer reflecting different vehicle segments, approaches, target groups etc. Com-
parability is only given within one study. LCA’s for passenger vehicles require several simplifi-
cations and data estimates. The complex information may lead to confusion and mis-leading
conclusions by customers and regulators. Aggregation of LCA results to a single-score is not
allowed according to ISO14040 (no scientific basis for single-score/biased weighting).

» Mercedes [20]

Mercedes uses Life Cycle Assessments to compare the latest models with their predecessors.
These are based on ISO 14020, 14021, 14040, 14044 and 14062. The examined areas are:

e Vehicle Production

e Fuel Production

e Operation (covered distance: 150 000 km in NEDC)

e Recycling

The selected parameters are:
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Primérenergiebe darf [G]]
Primary energy demand [G]]

GO [ke]

743
124

NOy [kg] 45,5/45.5
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GWP 100 [t CO, equiv.]

AP [kg SO-Aquiv.]
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Fig. 3.2.2.4-1: Selected parameters from Mercedes LCA.
The results of the Life Cycle Assessment have been verified and certified by TUV SUD.

Mercedes awards its analysed cars with an Environmental Certificate (Umwelt- Zertifikat).
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> VW [21]

VW also uses life cycle assessments in accordance with ISO 1440/44 to compare the latest mod-
els with their predecessors. The following areas are examined:

Engine / transmission manufacture

Vehicle manufacture

Fuel supply

Driving emissions (covered distance: 150 000 km in NEDC)
Recycling

In a Life Cycle Inventory, data is collected for primary energy demand as well as for emissions
of CO,, CO, SO, NOy, NMVCO and CHa.

Life Cycle Inventories
Golf A5 1.9 TDI DPF* BlueMotion

[25.01] [é4kg] [268kg] [531kg] [170kg] [29.4kg] [371.2GJ]
100%

80%
60%
40%
} l I I

Carbon Carban Sulphur Nitregen Hydre Methane Primary
dioxide menexide dioxide oxides carbans (CH,) energy
(€Q,) (€Q) (5Q,) (NO,) (NMVOC) demand
B Ergine/tranzmission manufact:

. Vehicde manufacture

. Fual supply

Driving emissions

Recycling

*Diesel particulate filter

Fig. 3.2.2.4-2: Life Cycle Inventories VW.

Furthermore a Live Cycle Impact Assessment is made concerning Global Warming Potential
(CO; equivalents), Photochemical Ozone (Ethene-equivalents), Acidification (SO, equivalents),
Ozone Depletion (R11-equivalents) and Eutrophication (PO4- equivalents).
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Comparison of environmental profiles of Golf diesel cars (relative)

120%
100%
80%
60%
40%

Global warming Photochemical ozone Acidification
potential creation
Predecessor

. Latest Golf

. Golf BlueMation

Fig. 3.2.2.4-3: Comparison of environmental profiles of golf diesel cars (relative).
The results of the Life Cycle Assessment have been verified and certified by TUV NORD.

To provide interested parties with detailed information about the environmental performance of

its vehicles and technologies, VW uses Environmental Commendations (so-called “Umwelt-
pradikat”).
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» Volvo Cars’ Environmental Product Information [22]

Volvo Car publishes an Environmental Product Information for its vehicles. Information about
environmental management, production, useful life and recycling are provided in a life cycle
diagram:

LIFE CYCLE DIAGRAM vorve
2007 New C70 2.0D (DPF) Man (6 gear) .

A

, G0

All Valvo modals comea with an environmental product information (EP1), a statemant that Volvo was the first car
manufacturer in the world to introduce. Volvo Cars' EPI provides you with a holistic overview of the ways in
which a Volvo car affects the environment throughout its lifecycle. Each indicator shows the position of your
chosen modkl on a scale from the worst to the best case. Tao read mare about Volvo Car's activities for a bettar
environment, please visitwww.volvocars.com/EP|

The pumpose of an environmental

ENVIRONMENTAL MANAGEMENT
management system is to reduce a

Suppliers 28% company's environmental impact. Volvo
Cars has chosen to detenmine how
many suppliers, Volvo Cars (VCGC)
operafions and dealerships that have
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EMAS or ISC 14001,
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WORST CASE EZ0% 40% 60% ©0% BEST CASE

PRODUCTION

Solvent emissions 92% 2.4 kglcar

The greater proportion of the
erwvironmental impact of car production
is due to solvent @ missions, energy
consumption and material utilisation.
The first graph indicates how much

Volvo Cars has reduced solvent
Material utilisation 95.6% emissions. The second graph indicates
how how much of the praduction
material is utilised in the chosen Valvo

model - the rest goes to recycling or

Energy consumption 0% 5.4 Mwh waste. The thirdggraph in;gnss%ow
much lower the energy consumption is
when producing this Volvo car
compared to a competitor,

T T
WORET CASE E0% 40% 60% S0% BEST CASE

USEFUL LIFE

A car genarates most of its

co 819 0.124 a'km erwvironmental impact during its usaful
Hegulated emissions - ¥ life. The three most significant forms of
HC NiA erwvironmental impact aftributable to a

car in service are regulatad emissions,
carbon dicxide emissions, evaporation
NOE £3% 0.183 g'km of hydrocarbons for petral cars and
emissions of particulates for diesel cars.
The best case for regulated emissions
is zero and the worst case isa Euro 3
Particulate emissions 96%: 0.002 yiest csr, The'gragh for evaporatior: of
hydrocarbons indicates how many
percent better the car is comparad to
current European emission legislation.

The last graph shows the CO, -

emissions compared to the Volvo car
that emits most and least.

CO, emisslons 83% 161 grkm

WORETCASE E0% 40% B0% S0% BEST CASE

Fuel consumption,

!
combined 6.1 11100km

RECYCLING
Use of recy cled materials is one
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It is estimated that in the best case 30
kg recycled non-metallic material could
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how much thera is in this Volvo car.
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Fig. 3.2.2.4-4: Life Cycle Diagram Volvo.
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» Ford of Europe’s Product Sustainability Index [23]

Ford uses Life Cycle Assessment (LCA) certified against ISO 14040 series to compare a vehicle
with its predecessor respectively the industry performance along the vehicle and fuel life cycle.
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Fig. 3.2.2.4-5: Comparison of environmental profiles of Ford Galaxy (current vs predecessor),
and Ford S-MAX.

In spite of its complexity LCA is not comprehensive enough. Therefore, Ford broadens the LCA
assessment to a “Product Sustainability Index” by adding other environmental aspects and put-
ting them into perspective looking also at societal and life cycle cost items (Fig 3.2.2.4-6). The
methodology might be further developed and is completed by indicators for other company areas
(e.g. manufacturing etc.).

Indicator Metric / Method Driver for Inclusion
Environ- Life Cycle Global Greenhouse emissions along thelife cycle (CO, and Garbon intensity is the main
mental and W arm)ifn equivalent emissions from raw material extraction through | strategic issue in automotive
health 9 production, use to racovery) — part of an LCA accordingto  industry

1SO 14040

Emissions related to Summer Smog along the life cycle
Life Cycle Air Quality | (Ethene and equivalent emissions) - part of an LCA
according to 1ISO 14040

Potential trade-offs between
CO, and non-CO, emissions

Sustainable Materials | Recycled and natural materials related to all polymers? Resource Scarcity
Substance Vehicle Interior Air Quality (VIAQ)/ allergy-tested interior, Substance risk
Management management of substances along the supply chain management is key
Drive-by-Noise Drive- by-Exterior Noise = dB(A) Main societal concern
A Including EuroNCAP stars (including occupant and I .
Societal? Safety pedestrian protection) Main direct impact
Crowded cities (future issues
Mobility Capability Mobility capacity (seats, luggags) to vehicle size include: diversity - disabled
drivers, eic.)
Sum of vehicle price and 3 years service (fuel cost,
Economics maintenance cost, taxation) minus residual value (nete: for
Life Gvele Cost simplification reasons cost have been tracked for one Customer focus,
Y selected market; Life Cycle Costing appreach using competitiveness
discounting)

"Mote: There are, of course, no materials that are inherently sustainable. All materials are linked te envirenmental, social and economic impacts.
However, racycled materials and renewably grown, natural fibers represent an example of how limited resources can be used in a more sustainable way.
The overriding factor is whether or not these materials have, in their specific application, a lower environmental impact through the product life cycle
than potential alternative materials (see life cycle related PSlindicators and previous paper [24]).

zNote: The social aspects are being refined and developed for the future. Please note that aspects related to labor, rights etc. are part of other Ford

of Europe sustainability management tools such as the MSI.

Fig. 3.2.2.4-6: Indicators of the Ford Product Sustainability Index.
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3.3. ASSESSMENT CONCEPTS

It has to be taken into consideration that the findings within the literature review carried out are
addressed to different target groups. Some sources / articles are focussed on measures related to
e.g. benefits for users of EFVs (for instance: reduced or no charges to enter cities (city-toll) and
financial / tax incentives) and other articles pursue specific purposes of consumer information
such as labelling concerns or eco-ratings. The latter take into account at least CO,-emissions /
fuel consumption or possibly even pollutant emissions and sometimes noise emissions as well.
Although noise plays an important role it is not considered as a major concern within these find-
ings.

3.3.1. CONCEPTS AND RANKINGS FROM PUBLIC AUTHORITIES

This chapter includes some examples. Further concepts and programs based on governmental
initiatives in order to provide the users with relevant information benefits. This was not exam-
ined within a greater extent within this study until now.

3.3.1.1.  ENVIRONMENTAL PERFORMANCE LABEL FROM CARB

In California all new cars beginning with the 2009 model year are required to display an "Envi-
ronmental Performance” label (EP label) [24], providing a "Smog Score” and a "Global Warm-
ing Score” — each having unique environmental impacts.

The EP label scores a vehicle’s global warming and smog emissions from 1 — 10 (in each score)
with the highest scores being the cleanest vehicle options.

drrelng eemligars
By vehicls
AT,

Environmental Performance

Prabect the crvieoament, choods vahiles with higher seares:
Global Warming Scare Mo SOOI f——
.....l.!....._ .......!....._ e deem, the Seaner
AarEp unu:: Bara &“;* e wehigie. 10 b ihe
Sy Bt peankile
30 e clatses, .‘_‘-h""h

T weh e
Waghlaghisthe
clomeit vehiin
o thep murers,

Fig. 3.3.1.1-1: Environmental Performance.

The global warming score reflects the emissions of greenhouse gases from the vehicle’s opera-
tion and fuel production. It is based on the sum of vehicle’s greenhouse gas emissions which are
identified as the CO;-equivalent value. The measured emissions include Carbon Dioxide (CO,),
Methane (CH4), Nitrous Oxide (N»0) and emissions related to the use of air conditioning. The
global warming score ranks each vehicle’s CO;-equivalent value on a scale of 1 - 10 (10 being
the cleanest) relative to all other vehicles within the current model year. The scores are also
properly adjusted to reflect the contribution of greenhouse gas emissions from the production
and distribution of the fuel type used.
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The corresponding Tab. shows the 10 CO,-equivalent levels. The average vehicle available in
California today will get a global warming score of 5.

Tab. 3.3.1.1-1: Global warming score and CO;-equivalent levels.

Global Warming Score CO,-equivalent

Grams per mile

10 Less than 200
9 200 — 239
8 240 — 279
7 280 —319
6 320 — 359
S 360 — 399
4 400 — 439
3 440 — 479
2 480519
1 520 and up

Tab. 3.3.1.1-2: Smog Score and pollutant levels of non-methane organic gases (NMOG) and
oxides of nitrogen (NOx).

Smog Score NMOG + N.OX
Gram per mile**

10 0,000
9* 0,030

8 0,030

7 0,085

6 0,110

5 0,125

4 0,160

3 0,190

2 0,200

1 > (0,356

* A smog score of 9 was given to vehicles certifying tot he California PZEV and ATPZEV
standards based on the longer useful life, zero evaporative emissions requirements, and ex-
tended warranty for these vehicles compared to vehicles certifying the SULEV standards.

** Does not include upstream emissions

The Smog Score is based on the smog forming emissions from the vehicle’s operation and ranks
the pollutant levels of non-methane organic gases (NMOG) and oxides of nitrogen (NOyx) rela-
tive to all other vehicles within the current model year. Again the scores will be on a scale from
1 — 10 with 10 being the cleanest. And again the average vehicle available in California today
will get a smog score of 5.

These scores compare emissions between all vehicle classes and sizes with the average new car
scoring 5 on both scales.
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3.3.1.2. GREEN VEHICLE GUIDE FROM THE AUSTRALIAN GOVERNMENT

The Green Vehicle Guide [25] is an Australian Government Initiative and is based on tailpipe
emissions. Two categories are separately weighted:

o Greenhouse Rating (weighting 50 per cent)
The Greenhouse Rating rests upon the CO, emission value
e  Air Pollution Rating (weighting 50 per cent)

The Air Pollution Rating rests upon the Australian emission standards but a precise distinction
into two stages is applied. Stage 1 covers the air pollution ratings applicable in 2004 and 2005
and stage 2 those applicable from 1 January 2006.

Due to the large sized Tab.s concerning stage 1 and stage 2 ratings only some stage 2 data are
depicted below, however the logical configuration is the same in stage 1.

Tab. 3.3.1.2-1: Greenhouse ratings and CO, Emissions.

Greenhouse (O, Emissions Greenhouse CO, Emissions
Rating (combined g/km) Rating (combined g/km)
10 <= 60 5 241 - 260
L] ik L] %
9.5 = 45 )
: = 61 - 80 — 261 - 280
L 81 - 100 — B 281 - 300
L] il L] 1w
8.5 = 3.5 - -
; o 101 - 120 : = 301 - 320
8 = 3 “ )
— 121 - 140 321 - 340
7.5 . 2.8 - A
. - 141 - 160 — 341 - 360
T = 2 A -
. o 161 - 180 ] W 361 - 380
5.5 = 1.8 A
: = 181 -200 _— 381 - 400
& 201 - 220 - 1 401 - 420
q 1w Q I
5.5 i 0.5
: o 221 -240 —_— 421 - 440
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Tab. 3.3.1.2-2: Stage 2 Air Pollution Ratings.

Stage 2 Air Pollution Ratings (applicable from 1 January 2008)

Additional GVG

Equivalent

Emizzions Limits (g/lom)

Air Pollution Fuel Type Vehicle Type' B ADR emissions Furo
Rating : BM = reference maszs™ (kg compliance reql-li:ements Standand HC NOx PM
el .
0 “ Elactnc Al Al - - -
Frat
Eure 4 certification and B .
Patrol, LPG NG All ADR79/02  HC = 0.0352%m and E‘*-‘“"; 0035 0028
et Nz = 0.028zkm™ e
1] L] HC = 0.035gkm and B .
FS1 Disel Al ADR79/01  NOx = 0.028zkm and E‘*-‘“"; 0035 0028 0.00875
PM = 0.00875/km" e
— . - Fassenger - = P
0 E‘!’? PBatrol, LG, NG Goods earrying (RM = 1305) ADE79/02 Eurs 4 certification Eurs 4 010 0.03
n—w—\-\—lirv—r-ﬂ - . - P . -
n 0 Fetiol, LPG, WG Goods carying (1305 = EM = 1760) ADETS/02 Eure 4 ceriification Ewro 4 0.13 0.10
Best
RN T B—
0 P Petiol, LFG, NG Goods canymg (BM = 1760) ADR79/02 Euro 4 certification Euro 4 0.16 0.1l
Fst
- Paszsenzer - - -
5 Patrol, LPG NG Goods canyins (RM = 1305) ADE79/01 - Eure 3 0.20 0.15
] in . Passenger - I 0.25 }
Bexl  Diesel Goods eanying (BM = 1305) ADE72/01 - Euro 4 \HC-Nox=030] %0
0 P Patrol Goods eantymg (1305 = BM = 1760} ADET01 - Euwrs 3 025 0.18
et
4 Fetiol. LPG. NG Goods canyms (BW = 17600 ADRTS/01 - Euro 3 0.29 0.21
L ﬂ:; Diesel Goods camying (1305 = BEM = 1760) ADRT9/01 - Euro 4 { HC < NOx '303?9 tooood
o EE— 3 _ ; " [ 039
] in Diezal Goeds canying (FM = 1760) ADERTS01 - Ewrc 4 b 0.06
Qe 1HC +NOx =046
[~ S— . Pazsenger - r 7 P 0.50 z
0 10 Diezel Goods camrying (BM = 1305) ADRT79/00  Euro 3 certification Eurg 3 T 0.05
s NOx=0.56 )
: . T——— = - e R 0.65 | 7
2 Diazal Goods canying (1305 = FM = ADRTS/00 Eure 3 certification Eure 3 [ HC = NOx < 0.72 ,' 0.07
L n . Pazzenger = T i
Best  Discel Goods camrying (RM = 1250) ADET5/00 - Eure 2 HC +NOx=0.70 0.08
all 0.78
0 10 Diezal Goeds canying (FM = 1760) ADETS/00 Euro 3 certification Eure 3 o 0.10
Frst HC +NOx = 0.86 |
1
' 0 Diazal Goods carrying (1250 = M = 17003 ADFRT9/00 - Eure 2 HC +MNOx =1.00 0.12
Rast
[ 1. J—
g 0 Diaszal Goods vehicles (BM = 1700) ADET9/00 - Eure 2 HC +NOx =120 017
Byst

szanger vehicles with 3 maximum mass greater than 2500ks and, in the case of ADRT9/00, vehicles with greater than & seats ars, for the puposes of the emissions

standards treated as goods canrying vehicles. The maximum mass of a vehicle refers to the maximum laden mass that 1s technically possible for that vehicla

" The reference mass of a vehicle refers to the unladen vehicle mass

lus 100kz.
Thesa HC and WOx values represent 33% of the Eure 4 limits for a standard petrol passenger car.

" These HC and MOux limits ave these same a3 per (1t) above and the PM valus s equivalent to 35% of the Ewre 4 limit for 2 standard dizsel passengar car.
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An overall star rating is generated by combining Air Pollution Score and Greenhouse
Score:

Overall Rating |Combined Air Pollution & Greenhouse Score
W combined score >= 16

WIWrWwwy 15 <= combined score < 16

T 14 <= combined score < 15

WWW 11.5 <= combined score < 14

Wirw 9.5 <= combined score < 11.5

Wirs 8 <= combined score < 9.5

W 6.5 <= combined score < 8

Wi 5 <= combined score < 6.5

w combined score < 5

Fig. 3.3.1.2-1: Overall star rating.

3.3.1.3. GREEN VEHICLE GUIDE FROM US EPA

The Environmental Protection Agency (EPA) also publishes a "Green Vehicle Guide” [26, 27]:
The Guide is designed for cars and trucks and provides the user with information about:

° Air Pollution

A score from 0 to 10 reflects vehicle tailpipe emissions based on US and California emis-
sion standards:

Air Pollution Score Air Pollution Score
MY 2008 & Earlier MY 2009+
US EPA California Air US EPA California Air
Tier 2 Resources Board Tier 2 Resources Board
Emission LEV II Emission Emussion LEV II Enussion
Score Standard Standard Score Standard Standard

8 Bin3 = 3 Bin3 =

7 Bin4 ULEVII 7 Bind ULEVI

6 Bin 5 LEVII 6 Bin 5 LEVI

5 Bin 6 LEV II option 1 5 Bmn b LEV II option 1

4 Bin 7 = 4 Bin 7 =

3 Bmn 8 SULEV II Ig trucks 3 Bm 8 SULEV II 1g trucks
2 Bin 9 ULEV I Ig trucks 2 - ULEV II Ig trucks
1 Bin 10 LEV II Ig trucks 1 - LEV II Ig trucks
0 Bin 11 = 0 s e

*Bin 9,10, 11 phased out in MY 2009
Fig. 3.3.1.3-1: Air Pollution Score.
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o Fuel Economy

Starting in model year 2008, EPA tests vehicles by running them under real world condi-
tions. Effects of faster speed and acceleration, air conditioner use and colder outside tem-
peratures are considered in additional driving cycles.

City: Represents urban driving, in which a vehicle is started with the engine
cold and driven in stop-and-go rush hour traffic.

Highway: Represents a mixture of rural and interstate highway driving with a
warmed-up engine, typical of longer trips in free-flowing traffic.

High Speed: Represents city and highway driving at higher speeds with more ag-
gressive acceleration and braking.

Air Conditioning: Account for air conditioning use under hot outside conditions (95°F
sun load).

Cold Temperature: Tests the effects of colder outside temperatures on coldstart driving in
stop-and-go traffic.

o Greenhouse gases

The approach reflects the estimates, considering all steps in use of a fuel, from production
and refining to distribution and final use; vehicle manufacture is excluded.

The chart (Fig. 3.3.1.3-2) shows the minimum fuel economy (combined city, highway fuel
economy) for each fuel type at each Greenhouse Gas Score. The miles per gallon vary by
fuel type because each fuel has a different carbon content per gallon. This means each fuel
creates different levels of CO, emissions per gallon. The overall GHG-scoring relates to
the WTW emissions.

A score from 0 to 10 reflects the amount of CO,, N,O and CH4 emissions. The score is

based on the methodology of the Department of Energy’s GREET model. (The GREET
model is explained more detailed in chapter 3.2.2.1. Category Life Cycle Assessment)

updated 21/04/2009 78



Greenhouse Gas Score Criteria MY 2008 & Earlier
Minimum Label MPG (combined)
:;i Pounds COZe per mile Gasoline Diesel  E85  LPG  CNG'
10 Less than 0.62 kT 43 23 3 k]|
9 06210 <0.76 k]| 36 19 19 26
8 0.76 to <0.90 26 30 16 16 22
7 0.90 to <1.06 23 26 14 14 19
6 1.06 to <1.16 20 23 12 12 17
5 1.16 to <1.28 18 21 " " 15
4 1.28t0 <143 16 19 10 10 14
3 1.43t0 <1.52 15 17 9 9 13
2 15210 <1.62 14 16 8 8 12
1 162t0 <1.73 13 15 7 7 1"
0 1.73 and up 1 1 1 1 1
Greenhouse Gas Score Criteria MY 2009+
Minimum Label MPG (combined)
SCHG Pounds CO2e per mile Gasoline Diesel E85 LPG CNG*

ore

10 Less than 0.61 39 45 24 24 33
9 0.61to <0.74 33 38 20 20 27
8 0.74 to <0.87 28 32 17 17 23
7 0.87 to <1 24 28 15 15 20
6 1to <1.13 2 25 13 13 18
5 1.13t0 <125 19 22 12 12 16
4 .25 to <1.38 18 20 " 1 15
3 13810 <151 16 19 10 10 14
2 15110 <163 15 17 9 5 12
1 16310 <1.76 14 16 8 8 12
0 1.76 and up 1 1 1 1 1

Fig. 3.3.1.3-2: Greenhouse Gas Score Criteria.

Vehicles, which rate 6 or better on each of the both scores (air pollution and GHG) and have a
combined score of at least 13 are labelled with the SmartWay designation and vehicles, which
rate 9 or better on each of the both scores are labelled with the SmartWay Elite designation.

The scores can be used to compare all vehicles and all model years against one another. The best
environmental performers receive the SmartWay labels, which means the vehicles scores well on
both Air Pollution and Greenhouse Gas.

3.3.1.4. "ECO-CAR"” CONCEPTS FROM SWEDEN

In some countries incentives are provided for users of environmentally friendly vehicles.
The legal basis for giving special subsidies depends on regional or national action plans. The
demands that such vehicles have to comply with can comprise diverse issues deriving from par-
ticularly tank-to-wheel or well-to-tank aspects as well as from LCA terms. The following con-
cept from Sweden [28] is an example for such a scheme building the basis for incentives.

At present (over a period from 01.04.2007 — 31.12.2009) in Sweden private persons get a sub-
sidy of 10.000 Skr (~ 1.100 €) for registration of a new "eco-car” which meets certain environ-
mental requirements. For this purpose the Swedish government provides an amount of 250 Mil-
lion Skr. The definition of eco-cars is the following:
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. vehicles with alternative fuels (e.g. ethanol):
energy consumption less than
-9,2 1 fuel'/100 km
-9,7m3 CNG/100 km
- 37 kWh electric energy/100 km
o vehicles with conventional fuels (including hybrids):
CO,- emissions less than
- 120 g/km
- and additionally for diesel-engined vehicles: PM < 5 mg/km

In addition there is a reduced taxation of company cars which are running on alternative fuels or
which are equipped with a particle filter in case of diesel vehicles respectively. In Stockholm
such cars are exempted from congestion charges. And in some cities and communities environ-
mentally friendly vehicles can park for free or at a reduced price (or: at a cheaper rate?) if they
comply with the local requirements. In Sweden as a minimum 85 per cent of the vehicles used
from public authorities must be ecocars.

3.3.1.5.  JAPANESE ECO-RANKING SYSTEMS

Promoting the Widespread Use of Fuel-Efficient Vehicles

Auto manufactures in Japan made all-out efforts to achieve early compliance with 2010 fuel effi-
ciency targets in response to consumer demand. Also, the central government introduced tax
incentives for the purchase of low-emission and fuel-efficient vehicles, which are designated as
such by means of an environmental performance certification system.

Japan’s Green Tax Scheme:
e Reductions on the Automobile Tax (introduced in 2001)
Reduction on the Automobile Tax are applied to low-emission and fuel-efficient vehicles.
(Note: 10 % surcharges on the tax are mandated for diesel vehicles on the road 11 years
or longer, and for gasoline vehicles on the road 13 years or longer, since first registration)

e Reductions on the Acquisition Tax (introduced in 1999)
Financial incentives are applied to the Acquisition Tax for purchasers of low-emission
and fuel-efficient vehicles.

! The fuel consumption is calculated as for operation with petrol since E85 test specifications are not available yet.
The lower caloric value of E85 results in higher fuel consumption of about 30 per cent compared with the gasoline
operating mode.
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Tab. 3.3.1.5-1: CO; Reduction in Global Road Transport [Source: Reducing CO, Emissions in the
Global Road Transport Sector (JAMA, August 2008)]

Emissions . Incentives
Fuel efficiency

Performance Automobil Tax Acquisition Tax
Compliant
+ 25 % compared to
2010 standards .
_ s 50 % reduction Amount deducted:
Z ok ¥ 300,000
S | EpLam
OD .
5 Emission Compliant
% down by 75 % + 15 % compared to
- from 2005 stan- 2010 standards 25 9 reduction Amount deducted:
e o ¥ 150,000

dards P Bl

Compliant with
2015 standards

Compliance with

o .
2009 Standard 2 % reduction

Heavy-Duty
Vehicles

Promoting Vehicles with Greater Fuel Efficiency and Lower Emissions [29]:

Vehicles with greater fuel efficiency help counter global warming through their reduced emis-
sion of CO,, while vehicles with reduced tailpipe emissions help improve air quality. The Japa-
nese government has established one certification system for gasoline and diesel vehicles as well
as heavy-duty trucks and buses with advanced fuel efficiency; another certification system for
gasoline and diesel (including heavy-duty) vehicles whose emissions performance is superior to
current regulatory levels for carbon monoxide (CO), nitrogen oxides (NOy), and particulate mat-
ter (PM); and a third certification system for trucks and buses that comply either with 2005 emis-
sion (including NOy and PM) standards or with the “long-term” or “new short-term” regulatory
standards. To promote widespread public awareness of vehicles with advanced fuel efficiency
and/or low emissions, such vehicles are identified with appropriately coded stickers.
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For Gasoline and LPG Vehicles

Rating/Performance Level

Vehicle
Sticker

Compliant +25%
compared to
standards

Performing 25% better
or more compared to
2010  target  fuel
efficiency standards

Compliant +20%
compared to
standards

Performing 20% better
or more compared to
2010  target  fuel
efficiency standards

Compliant +15%
compared to
standards

Performing 15% better
or more compared to
2010  target  fuel
efficiency standards

For Diesel Vehicles

Rating/Performance Level

Vehicle
Sticker

Compliant +25%
compared to
standards

Performing 25% better
or more compared to
2005 fuel -efficiency
standards

Compliant +20%
compared to
standards

Performing 20% better
or more compared to
2005 fuel efficiency
standards

Compliant +15%
compared to
standards

Performing 15% better
or more compared to
2005 fuel efficiency
standards

For Trucks and Buses with GVW>3.5 tons

Rating/Performance Level

Vehicle
Sticker

Compliant with
standards

Meeting 2015 target
fuel efficiency standards
or better

Fig. 3.3.1.5-1: Advanced fuel efficiency certification.
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Vehicle

Rating/Performance Level Sticker

Emissions down by 75%
from 2005 standards

TR
TR

kg hdake Emissions down by 50%
from 2005 standards

P kkk
EEEEET

* Heavy-duty diesel vehicles
with NOx and PM emissions
down by 10% from 2005
standards

Heavy-duty diesel vehicles
with NOx emissions down
by 10% from 2005
standards

Heavy-duty diesel vehicles
with PM emissions down by
10% from 2005 standards

Fig. 3.3.1.5-2: Environmental performance certification for vehicles with low emissions.

Vehicle

Rating/Performance Level Sticker

Compliant with 2005 emission standards

Compliant with other regulatory
standards (see above)

Fig. 3.3.1.5-3: Low NOy & PM emissions certification for trucks and buses.

3.3.2. ECO RANKING BY CONSUMER ASSOCIATIONS

Most of the screened articles reflect to the purpose consumer information especially those with
regard to eco-ratings.

Currently there are only few references available which give some advice how an assessment of
environmentally friendly cars could be arranged on tank-to-wheel basis which are the major cri-
teria that vehicles have to fulfil in order to score well in the corresponding lists ranking the envi-
ronmental friendliness. Due to the fact that the quality level of the articles diverges very much it
is beyond the question that the various assessment concepts can always be described with the
same accuracy.
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Promising references with suitable information are outlined below in detail. There one can find
in many cases precise descriptions of approaches and basic requirements concerning the pro-
posed evaluation concept for EFVs. The following findings / concepts will thus be described
more detailed.

However, there is no common approach available. Some ECO-rankings also include additional
vehicle data (e.g. use of recycled and natural materials, noise, availability of start/stop or CO,
calculator), others also include manufacturer aspects (e.g. availability of Environmental man-
agement system).

3.3.2.1. ECO-TEST ADAC/FIA

On behalf of FIA the so-called "Eco-Test” [30, 31] was developed from the German Automobile
Club ADAC. It was projected to enable the assessment of the environmental friendliness of new
cars. To ensure reproducible test conditions the Eco-Test is based on driving cycle measure-
ments on chassis dynamometers. Tests are carried out on NEDC Cold Test, NEDC Hot Test and
on the ADAC Highway Driving Cycle (the latter test cycles are performed with the air condition-
ing switched on). Within this approach the environmental impact of passenger cars is assessed
in two different categories.

. ADAC
@D riA Foundation
Pollutants CO,
absolute scale class depending scale

Additional Information Fuel Consumption

— Influencing Parameters

Fig. 3.3.2.1-1: Scheme of “Eco-Test” from the German Automobile Club ADAC.

Both categories (limited pollutants on the one side and CO,-emissions on the other side) contrib-
ute with a share of 50 per cent to the overall rating. The Eco-Test awards up to 5 stars, derived
from the scores achieved for CO, and limited pollutants.

The rating of the CO,-emissions rests upon relative scales on account of different vehicle classes.
This allows a comparison of the results within a certain vehicle class.

Thus consumers have a direct comparing of competitors. Rating the vehicles on an absolute
scale would merely indicate that large cars will have higher emissions than smaller ones.
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ID | Vehicle class Example

1 | City (two seats) | Smart

2 | City Fiat , Peugeot 105, VW Lupo

3 | Supermini Fiat Punto, Peugeot 206, VW Polo

4 | Small Family Toyota Corolla, VW Golf

5 | Family BMW 3-series, Mazda 6, Opel Vectra, Toyota Avensis

6 | Executive Audi A6, BMW 5-series, Mercedes E-class, Peugeot 607
7 | Luxury Audi A8, BMW 7-series, Jaguar XJ, Mercedes S-class

Fig. 3.3.2.1-2: Ranking list ADAC.

The rating of CO; is due to the contribution of the NEDC Cold, NEDC Hot and ADAC Highway
results with different weighting factors for the involved cycles and based on seven vehicle
classes each with different thresholds.

Vehicle |+ & x & *
NEDC* | 50% class | 50 points | 10 points
cold stlghkm) | at[gkm)
T0% 1 60 150
NEDC” 5 2 &0 150
hot [ 30%
Cco, 3 70 176
B BS 205
& 108 240
130 ki 0%
-3 130 2B0
‘BEDC = New Ewropaan Drivieng Cycke 7 160 326

Fig. 3.3.2.1-3: Rating of CO, and vehicle classes.

In contrast to the class depending CO,-rating the assessment of the limited pollutants
(CO, HC, NOx and PM) is independent of vehicle classes. Unlike in the emission
legislation the same criteria and emission levels are applied to gasoline, diesel, natural
gas and hybrid power trains.

.7 80% — NEDC Highway
NEDC*
70%

cold *oh ok kR * TR R *
40% 50 points 10 points 50 points 10 paints
worst case at [g/km] at [g/km] at [g/km] at [g/km]
Polutants HC 0.10° 0.20° 0.10° 0.20°

co 1.00% 2.30° 1.00° 14.00°

"
. ._ 40% NO, 0.08? 0.50° 0.08° 1.00°
ﬂg km " 30% oM | 0005 0.05° 0.005° 0.05"
— 60 - EC: Ewo 4 Petral NEDC

word cose valua accormang to dractive '_JH G -

value accordng 1o directive 98/6QEC. Ewo 3 Diesel NEDC
value according fo directive 38/8QEC. Ewo 3 Pedrol NEDC
"I volua according o =tata of tha an

*NEDC = New Europsan Dming Cyde

Fig. 3.3.2.1-4: Assessment of pollutants and vehicle classes.
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The rating is calculated on the basis of the performance in the NEDC cold and ADAC highway
cycle. The worst results in each cycle define the pollution rating. For all cars — regardless of
whether a petrol or diesel engine, with or without direct injection system — the same rating for-
mula is applied. Although conventional petrol engines have no particle emissions detectable. by
gravimetric measurement no problem emerges with this formula. As a direct consequence of the
formula conventional petrol vehicles will result in the maximum score for particles.

3322. VCD

Based on an expert’s report of IFEU, VCD [32, 33] publishes a ranking list for cars with regard
to environmental concerns. The ranking list called ,Auto-Umweltliste* is designed to inform the
consumers. The Auto-Umweltliste addresses the environmental impact of cars to four different
categories with a rating from 0 to 10 points in each case, but the four distinct categories have
different shares of the overall appraisal.

The four categories affect:

o CO;-emissions (with 10 points relating to 60 g/km and 0 points to 180 g/km; share of the
overall rating: 60 per cent)

. noise (with 10 points relating to 65 dB(A) and 0 points to 75 dB(A); share of the overall
rating: 20 per cent)

e  human burden from pollutants (NOx, NO,, PM); share of the overall rating: 15 per cent

. impact on the nature; share of the overall rating: 5 per cent

The scoring of the two last mentioned categories complies with the following pattern
which strongly depends on the exhaust emission stages Euro 4, Euro 5, Euro 6.

Euro 4 Euro 5 Euro 6*
Otto  Diesel Otto  Diesel Diesel
Gesundheit - NO, 6,8 0,0 7.6 2,8 6,8
Gesundheit-NO, 97 00 9,8 2,8 68
Gesundheit - Partikel 100 100 100 100 10,0
Gesamtwert fir Gesundheit 9,13 5,0 935 64 84
Natur — NO, 6,8 0,0 7.6 28 6,8
Umgerechnet in Gesamtpunkte 17 08 18 11 16

* Bei der Grenzwertstufe Euro 6 bleiben die Werte fiir den Otto-Pkw auf dem Niveau
von Euro 5

Fig. 3.3.2.2-1: German VCD approach.

With regard to the category ‘human burden from pollutants’ is has to be mentioned that within
this topic the three pollutants NOx, NO, and PM have different weighting factors (NOx: 25 per
cent, NO,: 25 per cent and PM: 50 per cent).

The applied data were taken from information from vehicle manufacturers.
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3.3.2.3.  OKO-TREND INSTITUTE

Oko-TREND institute [34] awards an environmental certificate for cars. In a holistic approach
the assessment is addressed to two focal points i.e. on the one side the evaluation of the vehicle
(operation and equipment) which has a ratio of 55 per cent of the overall rating and on the other
side the vehicle making and recycling of the vehicle with a share of 45 per cent of the overall
rating.

The several evaluation categories are:

e operation / use of vehicle (contributes with 50per cent to the overall rating)
criteria are e.g.: fuel consumption, CO,-emission, pollutant emissions, noise emission

e cquipment of the car (contributes with Sper cent to the overall rating)
criteria are e.g.: fuel consumption indicator, stop-start automatic device

e logistics (contributes with Sper cent to the overall rating)
criteria are e.g.: transport of new cars by ship or train

e make of vehicle (contributes with 17per cent to the overall rating)
criteria are e.g.: expenditure of energy for producing the car, avoidance of usage of environ-
mentally hazardous substances and manufacturing processes, waste prevention, kind of paint-
ing

e recycling (contributes with 9per cent to the overall rating)
criteria are e.g.: usage of recycled materials in new cars, usage of renewable raw materials in
new cars

e environmental management / eco-audit (contributes with 14per cent to the overall rating)
criteria are e.g.: manufacturer’s perception of ecological and social responsibility, offer of
eco-trainings.

For each criterion within the several categories the vehicle will achieve points. The weighting of
the different categories respectively of the criteria varies. A certificate will be awarded, if the
total scoring results in more than 90 per cent of the overall points.

-

r Auto-Umwelt-
Zertifikat

Kraftstoffverbrauch:  sehrous
Abgazemissionen: ohir gut
Gerduschemissionen: sehrout
Praduktien sehr gut
Langistik; sahr gus
Racycling: zohir gut
Urniseltmanagement:  sehrgut

& HO-TREHD IMSTITUT 2007

Fig. 3.3.2.3-1: German Auto-Umwelt-Zertifikat, Oko-Trend approach.
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3.3.24. J.D.POWER

The J.D. Power Green Efficiency Rating (a 5-star-rating) [3 5]* is based on an "Automotive Envi-
ronmental Index (AEI)”, which combines information from the Environmental Protection
Agency (EPA) and consumers data (voice-of-the-customer) concerning fuel economy, air pollu-
tion and greenhouse gases. The top 30 environmentally friendly vehicles are listed.

3.3.2.5.  ENVIRONMENTAL TRANSPORT ASSOCIATION (UK)

The Environmental Transport Association (ETA) [36]" offers an annual "Car Buyers’ Guide”.
The Guide ranks the best cars in each class (Supermini, Small Family, Small MPV, City, Large
Family, Sports, Executive, MPV, Off road and Luxury), the top 10 cars overall and the ten worst
cars overall. The ETA 5-star-rating is based on the factors power (engine capacity), emissions
(CO, HC, NOx, PM and CQO,), fuel consumption (urban cold cycle) and noise.

Furthermore there are top 10 lists for cars with the lowest/highest CO, emissions and for cars
with the lowest / highest fuel costs available. The result of each car is also displayed.

34 GREEN MANUFACTURING

‘Green Manufacturing’ in this context can be best described as ‘sustainable manufacturing’
Can be viewed as:
1. manufacturing a ‘green’ = sustainable product — this is than linked to eco-innovation
2. the manufacturing itself should be ‘green’ = a sustainable plant
In our view, green manufacturing is both: producing a green product in a green plant.

Several stakeholders indicate that the business case for green manufacturing should first be es-
tablished, the economic framework, base on a number of possible policy instruments, such as:
- norms & standards,
- taxes & charges
- subsidies & incentives
- trading certificates
- education & training
- public & private partnerships (subsidizing capital expenditures)
- voluntary agreements
- technology transfers
- information, advisory services
- eco-labeling, consumer advise
- green public procurement
- corporate reporting
- environmental management system
These instruments could be reflected in a number of indicators.

% The sources [35] and [36] are examples for those kind of findings which are providing only some marginal infor-
mation. And with respect to findings in the internet in many cases more precise descriptions about the applied rank-
ing method or about the criteria how the assessment of the cars is performed are not specified on the web-sites or in
the following links related to the starting point. To get more information about the applied ranking methods consid-
erably more effort would be needed and it is not clear if it is worth the effort involved.
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Indicators for sustainable manufacturing:

The concept of “sustainable manufacturing” seemed not commonly used by European
manufacturers. Some participants considered it to cover only factory/facility-level proc-
esses. It was shared that clear mapping of the scope applied for particular measurement
is needed when developing sustainable manufacturing indicators.

The measurement used at factory/facility level can be useful to compare between facto-
ries/facilities within the same company but is difficult to apply for external benchmarking
due to many factors that influence performance. There was a suggestion that the OECD
could provide an indicator set for internal manufacturing process improvement together
with a collecting of best practice examples.

On the other hand, product-based or per-unit (not absolute-level) measurement can be
applied for comparison of performance between companies and encourage further im-
provement and innovation as far as the common benchmark methodology is established
(e.g. EU energy level).

It was shared that LCA is useful for comparing between old and new products within the
same company but has to be used correctly for external comparison since its calculation
depends on scope and many other factors (e.g. manufacturing processes and use materi-
als). However, participants recognised that more needs and pressures for some perform-
ance benchmarking are expected in the near future.

It was also shared that the measurement should not focus only on CO, but also take into
account other environmental aspects, such as other emissions, chemical use, waste and
energy, with balance.

Eco-innovation for green product manufacturing is also linked to eco-efficiency.
Eco-efficiency of the manufacturing process (material production + assembly).
Energy, GHG emissions, resource efficiency all contribute to eco-efficiency.

There is a need for a broader view on green manufacturing of a green product in a green plant.
One must look at greening the whole value chain.

This is the only way to move to a low carbon society (a vision the UK government wishes to
follow).

In a recent EC/OECD industry focus group on sustainable manufacturing and eco-innovation the
following comments where made on the role of government and international institutions.

The role of government and the OECD:

There was a shared concern over the capability of suppliers for delivering sustainable
components as the supply chain of automotive manufactures is very complex. The auto-
motive industry is working to fill this gap, for example, by developing a guideline for un-
derstanding the EU’s REACH directive. The government should help educate suppliers
and improve their capability from the viewpoint of competitiveness. A good example of
this kind is the Green Suppliers Network established by the US Environmental Protection
Agency.

Some participants expressed that certain environmental regulations my create unintended
consequences or do not encourage investment in new technologies — e.g. the EU’s Emis-
sion Trading Scheme (ETS) sets the targets of CO; reduction at the absolute level and
does not consider different capabilities of companies to make further reduction, while ex-
cluding certain industries from the regulation. In other case, there are several regulations
that aim the same objective. They argued that there is a need to streamline the existing
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regulations and to keep the regulations simpler and flexible (“outcome-based’) based on
consistent long-term visions/targets if the government would like to promote eco-
innovation. The OECD could take a role in this area.

e There was a call for harmonising environmental regulations, certifications schemes,
planning regimes and their implementation/enforcement between regions and countries as
it will reduce the costs for environmental investment for companies operating in different
countries. The definitions of same basic terminology should also be harmonised — e.g.
“waste” can be used as new input in another company/country and the current definition
does not encourage reuse and remanufacturing.

e It was suggested that eco-innovation can spontaneously if it makes economic sense. The
government should help companies build up business cases for investing in innovation
with a longer payback and capital allowance differentiation for green technologies.

e It was also pointed out that commitment of top management is very critical and there is a
need to change their mindsets as they tend to focus too much on risk avoidance. The
OECD could set a stage for shifting the course of the global debate — e.g. from CO; to re-
source efficiency.

e The government should show examples by themselves first, for example, by implement-
ing green public procurement more thoroughly. The OECD could start from a mapping
of the current policy instruments for promoting eco-innovation and benchmark govern-
mental policies and performance.

e The importance of improving consumer awareness, especially about intangible environ-
mental impact of products and their usage, was also emphasised in terms of facilitating
sustainable manufacturing and eco-innovations.

e [t was shared that there is a need to investigate the processes by which eco-innovation
happens and is successfully marketed more depth so that right levers could be identified.
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4. ASPECTS FOR THE DEVELOPMENT OF AN EVALUATION CONCEPT (HO-
LISTIC APPROACH)

4.1. EXPLANATORY INTRODUCTION

Chapter 3 showed a lot of options to define and evaluate vehicles. However it needs to be as-
sessed whether these approaches can be used for the development of a holistic evaluation con-
cept. This assessment needs to first define the foreseen target groups and their purpose(s) in
evaluating whether a vehicle concept can be called something close to ‘“environmentally-
friendly” — Considering also the words of caution provided by ISO 14021 actually prohibiting
this terminology in claims it is indispensable to check whether all relevant environmental aspects
are considered — or not (see chapter 4.2.1).

Target groups |

! !

| Governments | | Customers | | Industry |

(42)

SWOT

Feasibility
statement

Fig. 4.1-1: Steps of the assessment of the feasibility to introduce an EFV concept.

The target groups are important to assess whether a method is suitable from their perspective.
Therefore, chapter 4.4 tries to identify strengths, weaknesses, Opportunities and threats (SWOT)
looking from their perspective. These target groups are also defining the purposes why vehicle
should be differentiated between “environmentally friendly” ones and those being not “environ-
mentally friendly”. The following potential target groups could be identified together with their
purposes:

e Supra-national and national governmental bodies governments
Purpose: - Regulation, fiscal systems
- Information systems for e.g. public and private procurement
e (Customers
Purpose: - Information systems for purchasing decision
e Automotive industry
Purpose: - Design specifications
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4.2.

4.2.

4.2.

CRITERIA

In a first step it will be analysed what environmental aspects (4.2.1.) are covered by the dif-
ferent regulations, concepts and tools provided in chapter 3.

Additionally the tool evaluation criteria (4.2.2.) will help to describe the dimensions and ap-
plicability of regulations, concepts and tools.

In a second step the SWOT analysis (4.3.) is used for every regulations, concepts and tools to
develop a basis for the final feasibility assessment.

1. POSSIBLE ENVIRONMENTAL ASPECTS COVERED

Air emissions: CO,

Air emissions: regulated pollutants

Air emissions: other GHG

Other pollutants: water (yes/no);

Other pollutants (e.g. waste streams): land (yes/no);
Use of:

e materials/resources (recycled, renewable, non-renewable);
e energy resources (e.g. fossil fuels);

e water;

e land;

Recyclability;

Toxics (health effects);

Noise;

EMC;

Effects on biodiversity and sustainability.

2. TOOL EVALUATION CRITERIA

Data (regional / worldwide):

e Availability of data;

e Quality of data;

e Data is available to whom? Can data be ensured reliable of good quality at world/regional
level?

e Frequency of data updating;

System boundaries (to the point, solely):

e Tailpipe;

e Usage of vehicle; (incl. evap emissions etc.);
means all inputs (e.g. fuel consumption) and emissions which are caused during the usage
of the vehicle (excluding production and disposal). The production of energy for moving
the vehicle in service (e.g. fuel production) is normally also included.

e Production (vehicle, spare parts, fuel, other materials);
means all processes from the extraction of raw materials or energy resources respectively
the growth of renewable materials to the material, part production and final vehicle as-
sembly including all good transport processes between these processes.

e End-of-Vehicle-Life;
means all processes from the pre-treatment of the End-of-Life Vehicle (ELV) to the
shredding and post-shredder treatment. It includes all processes for recycling, (energy)
recovery and disposal of the various fractions.
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e Holistic (lifecycle & integrated approach);
- Application:
e For specific vehicles;
(Specific vehicle is a variant of a vehicle model where the engine, body style, option
package is defined)
Vehicle categories
Vehicle model (e.g. Opel Astra, VW Golf, Ford Fiesta, Peugeot 308...)
current vehicle technologys;
future vehicle technology;
other parts/systems (e.g. MAC’s, tyres, GSI, TPMS, ...);
interface: surface, infrastructure;
- Evaluation context:
global environmentally impacts;
local environmentally impacts;
short term impacts;
mid term impacts;
long term impacts;
absolute versus segment-based evaluation
(Method provides an evaluation based on an absolute or segment-based (relative) scale.
An absolute scale would result for example in ‘49392 MJ energy use’ while a segment-
based result would refer that to the vehicle segment in stating e.g. ‘3 % lower energy use
than average mid-sized cars in India’).
- Effort for application:
e Time/cost;
e Self declaration, independent 3rd party review;
e User expertise;
e Communication;

updated 21/04/2009 93



4.2.3. APPLICATION OF TOOL EVALUATION CRITERIA

In this table the ,,regulations and standards, concepts and tools* are compared to different crite-
ria, which are evaluated by using a colour scheme. The criteria were grouped to certain topics
(,,Environmental aspects covered®, ,,Data®, ,,System boundaries®, ,,Application”, “Evaluation
context und ,,Effort for application®).

Some of the ,,regulations and standards, concepts and tools* are combined concepts (e.g. “Green
vehicles” and “vehicle rankings”) which consist of several concepts.

To evaluate the ,,regulations and standards, concepts and tools* there are different colours avail-
able.

The colour green, respectively “yes” means, that the ,,regulations and standards, concepts and
tools* fulfil the conditions which are listed under the groups ,,Environmental aspects covered®,
»System boundaries® and “Evaluation context”. Red respectively “no” means, that the criteria
were not fulfilled.

To assign the colour yellow, respectively “ ” there are two options.

Example 1: One can use yellow if not all of the criteria have been achieved. This case one see at
»Recycling and substance restrictions* and ,,Use of materials®, because there are only a few ma-
terials considered but e.g. not renewable materials.

Example 2: One can use yellow to differentiate the combined concepts (e.g. ,,Green vehicles*
and ,,vehicle rankings®). If there’s a criteria that is considered only by one concept (China Green
vehicles for example uniquely considers the criteria “Noise”) so the field has to set on yellow.
The criteria group “data” is divided into “low/regional” and “high/worldwide” instead of yes
and no. Low means in this case, that the ,,regulations and standards, concepts and tools* insuffi-
ciently fulfil the conditions of the criteria group “data” or if this does not apply on a global scale.
An example is the lack of LCA data for each region in the world that would be important looking
at the global supply chains in the automotive sector. High means, that the criteria are fulfilled
sufficiently. An example is the data availability for recyclability based on the International Ma-
terial Data System (IMDS). There is also the possibility to choose * ” if for example the
quality of data for LCAs or WtW is for some processes good and for others less adequate.

The group "Application" was divided into “applied” and “not applied”, in which the "regula-
tions and standards, concepts and tools" are either applicable or not applicable to the single crite-
ria. For example, vehicle rating systems are normally not applied to future vehicle technologies
while recycling and substance restrictions cover also future technologies.

In the last group ,,Effort for application® one can choose between 5 different colours (very high,
high, , , very low), to evaluate the ,,regulations and standards, concepts and tools* on
the basis of the single criteria. The differentiation in more ratings than for the other groups is
necessary to better understand the substantial difference in effort decreasing e.g. from LCAs
(highest effort) to WtW (considerably high effort), recyclability calculations to easier vehicle
ranking approaches.
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Based on the definition given in chapter 2.8. and 4.2. regulations and standards are analyzed:

regulations and standards, concepts and tools

Data from chapter 4.2.1

CO, regulations, fuel economy (MAC, CAFE)

Green vehicles (EPA, Australia, China, Sweden)
green manufacturing (only production process)
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Life Cycle Cost - Externalities (GPP)

Environmental aspects covered: no - - yes

Air emissions:CO2

Air emissions: regulated pollutants

Air emissions: other GHG

other pollutants: water (yes/no)

other pollutants (e.g. waste streams): land (yes/no)

Use of materials/resources (recycled, renewable,
non-renewable)

Use of energy resources ( e.g. fossil fuels)

Use of water

Use of land

Recyclability

Toxics (health effects)

Noise

EMC

Effects on biodiversity and sustainability
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regulations and standards, concepts and tools

Data from chapter 4.2.2

CO, regulations, fuel economy (MAC, CAFE)

Green vehicles (EPA, Australia, China, Swe-

green manufacturing (only production process)
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Data: low/regional - - high/worldwide

Availability of data regional

Quality of data regional

Flexibility/Frequency of data updating regional

Availability of data worldwide/applicability

Quality of data worldwide/applicability

Frequency of data updating worldwide/applicability

System boundaries: no - - Y€s

Tailpipe

Usage of vehicle (incl. evap emission etc.)

Production (vehicle, spare parts, fuel, other materi-
als)

Recycling
Holistic (lifecycle & integrated approach)
Time horizon: not applied - - applied

current vehicle technology

future vehicle technology

Application: not applied - - applied

For specific vehicles

A generic vehicle application

Vehicle model

other parts/systems (e.g. MAC's, tyres, GSI, TPMS,
...)

interface: surface, infrastructure

Evaluation context: no - - yes

global environmentally impacts

local environmentally impacts

short term environmental impacts

mid term impacts

long term environmental impacts

Segment-based

Effort for application/Accuracy: very high - high
- - - very low

Time/cost

Self declaration, independent 3rd party review

User expertise

Communication
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4.3. SWOT ANALYSIS

OICA [37] submitted a paper how to analyse the different approaches concerning the assessment
of EFV. The conceptual idea of OICA rests upon the so-called SWOT analysis. The idea of this
conception depends on the four issues: Strength, Weakness, Opportunity and Threat which
should be taken into consideration when various approaches with regard to the assessment of the
environmental friendliness of vehicles are analysed.

Different evaluation methods from the table above are investigated and analysed by means of the
SWOT methodology.

It is necessary to clarify the target group of an EFV concept when defining whether something is
a strength or a weakness. For example, a very data-intensive method resulting in complex figures
might be appropriate and thus a strength for experts while consumers would prefer an EFV con-
cept that is intuitively understandable. At the moment the fundamental discussion about the tar-
get groups (governments, industry, consumers) of the evaluation concept and the allocated pur-
poses isn't finalized. But the conclusions of that discussion is needed as basis to perform the
SWOT analysis. Based on the decision of GRPE in January 2009 it is assumed that either gov-
ernments and/or consumers could be the target group of an EFV concept looking for an informa-
tion system.

1) CO,-regulations:

Strength In line with current regulations. Adresses one of the most important environ-
mental indicators (climate protection).
Weakness No EFV definition in itself. Focus of only one environmental aspect (climate

protection). Other item e.g. local air quality are not addressed.
Opportunity Third party certification possible. Can be easily added to other methods.
Threat Discussion about environmental protection could be reduced to one aspect
(climate protection) and other important aspects such as local air quality will
be not addressed properly.

2) Fuel regulations:

Strength In Europe regulation of fuel quality is an accepted approach to define certain
fuel parameters that are health and environmentally related. Regulations in
many, but not all, world areas follow the example of EU regulations. Interna-
tional standards are also defined in different world regions for traditional hy-
drocarbon fuels and also for biofuels for the quality of the final blend and also
the quality of the blending bio-components. In standards, the fuel characteris-
tics are defined as performance parameters.

In the EU, the issue of lifecycle GHG emissions and sustainability will be in-
cluded in the new (2009) fuel quality directive and the directive on the pro-
motion of renewable energy use. Default values for lifecycle GHG emissions
and WTW data is laid down in EU legislation and will be revised in the future
as better data is made available.

Weakness While the EU defines certain fuel parameters according to their health and
environmental impact, not all world regions follow that method. Many coun-
tries or regions set parameters just as performance specifications (i.e. limits
that may be practical to achieve by ‘nationalised’ oil refining industry).
Market fuel quality data and the monitoring of market fuel quality are good in
developed markets but not so good in developing markets.
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Opportunity

Fuel quality regulations do not provide an EFV definition in itself -fuel qual-
ity regulation provides data that can be used to support the application of an
EFV concept.

Support world-wide recommendations (or regulations) for market fuel quality
matched to the application of emission standards.

3) Top-runner approach:

Strength

Weakness

Opportunity

Threat

Accepted approach in Japan.

Top runner approach sets energy efficiency targets.

Involvement of industry in target setting.

Not world-wide harmonized.

No consideration of cost-efficiency.

Compliance with the target is assessed no on product-by product basis, but on
a weighted-average basis.

Lack of sufficient data in absolute terms such as quantitative information on
energy saving achievements. Actual energy use as such as well as the aggre-
gated energy saving effects are not addressed. Therefore, a detailed and quan-
titative impact analysis is not possible.

Moving performance targets leading to confusion for customers.

Elaborate procedures for setting standards based on Japanese tradition of close
cooperation between industry and government. Uncertain if such is achievable
in other cultures.

Name- and shame-sanctions only effective in Japan.

Top-runner approach only encourages incremental technical improvements,
while innovations receive no incentives under this scheme.

Short-term update of top-runner targets against time consuming standards
setting.

Continuous definition update depending on local circumstances will lead to
fragmentation.

Setting targets for a wide range of complex products with many characteristics
can be an administrative burden.

Top runner requirements could be unfavourably deemed as trade restrictions
in breach of WTO.

Negative effect on consumer prices: moving targets result in shorter lifetimes
limiting cost distribution of number of vehicles and in time.

4) Regulated Pollutants:

Strength

Weakness

Opportunity

Threat

Based on existing regional standards and test methods a third party verifica-
tion can be done = easy to communicate.

Currently not worldwide harmonized.

Substantial regional differences in e.g. fuel quality, market specifics, test pro-
cedures, in-use issues, effective time to be taken into account.

Future vehicles cannot be assessed as real testing is needed.

Covering only limited pollutant issue — thus not a stand-alone suitable to de-
fine an EFV.

Support world-wide harmonization of test cycles and procedures based on
common fuel quality.

Synergetic effects with type approval.

Complex interactions with other emission sources and atmospheric chemistry
with respect to cause-effect studies. Different regional focus of legislation.
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Environmental and other NGO’s may favour only certain standards with mas-
sive technology implications.

5) Green Public Procurement:

Strength

Weakness

Opportunity
Threat

Already in use in European green public procurement.

Not technology based.

Based on regulated, verified emission data.

Easy to calculate.

Easy to compare by consumer: single score in Euro.

Include a data, which can vary for a one single car: selling cost.

Cost for pollutant emission - internalization - is not scientifically agreed.
Mixing of impact of emissions both of local and global relevance has no sci-
entific acceptance.

Emission measurement standards drive test are different between EU, JP, US,
and are not available for all vehicle types.

Disconnected from real environmental stakes: single score in Euro.

All depending on criteria selection, limit values.

Adoption to regional conditions = further market fragmentation.
Development efforts on issues out of customer focus (ELV RRR rates).
potential for easier market introduction of cleaner products.

Other environmental aspect could be added (noise, toxic substances).
Regulated data will be public and could be misinterpreted by e.g. consumers,
or journalists...

Market fragmentation: emission type criteria may vary from one country to
another, and in time.

Single euro score does not help to educate the consumer on a responsible pur-
chase.

6) Green vehicle certification (EPA, Australia, China, Sweden):

Strength

Weakness

Opportunity

Threat

Transparent, understandable and easy to establish.

Mainly criteria that are anyhow in the development focus, legal base.
Relating to existing regulations i.e. harmonized with and supporting legisla-
tion.

All depending on criteria selection, limit values.

Adoption to regional conditions = further market fragmentation.
Development efforts on issues out of customer focus (ELV RRR rates).

If EFV definition can be globally agreed on the basis of legislation this could
foster a global harmonization of legislation.

Different schemes create market fragmentation.

7) Noise regulation related to vehicles:

Strength

Weakness

Outdoor noise recognized as a source of pollution of a vehicle, everywhere in
the world.

Nor global nor long term environmental impacts of Noise on earth sustainabil-
ity.

To improve the global noise performance, noise regulation on vehicles is not
sufficient. It should also involve other stakeholders such as: tyres manufactur-
ers, roads and pavements builders, roads and pavements decision makers, in-
frastructure and city managers, ..).
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Opportunity

Threat

High effort for execution related to data update.

Data only available on a regional level.

To reveal some cars with a low level of external noise (?), but in contradiction
with the recent request from the blind associations asking for minimum noise
level of cars for the pedestrians safety....

High workload and costs for car manufacturers for low benefits on the global
environmental impact.

8) Recyclability/Recoverability:

Strength

Weakness

Opportunity

Threat

Calculation is based on world wide harmonized ISO standard (ISO 22628).
The evaluation of the recyclability/recoverability quotas is part of the vehicle
type approval in Europe (2005/64/EG), other regions follow with similar con-
cepts (China, Korea).

It takes design and material properties of new vehicles into consideration and
is based on proven recycling technologies.

Easy to communicate.

No EFV definition in itself / delivers only data that can be used for EFV defi-
nitions.

It can not reflect the physical processes that will actually be applied to the
road vehicles reaching the end of their life.

High effort for execution/update but no significant differences in the envi-
ronmental performance of different recycling/recovery technology variations.
Can be easily added to other methods > suitable for an information system
for both target groups (customer and governments).

Design for Recycling options might be contradictory to other environmental
strategies (lightweight design, etc.).

9) ELV Recycling and substance restrictions:

Strength

Weakness

Opportunity

Threat

ELV directive in Europe (2000/53/EC) as an accepted approach to improve
recycling and dismantling standards, to prevent waste from vehicles and to
limit the use of hazardous substances in vehicles.

Regulations in many, but not all, world areas follow the example of EU regu-
lations.

No competitive feature for an EFV definition because all vehicles have to
comply with legal requirements (e.g. heavy metal ban).

Restricted substances within ELV regulation intended to avoid the disposal of
hazardous waste, however on a world-wide and full life cycle scale additional
national and international regulations for substances need to be considered
(chemical law, REACH, etc.).

Increase quantity of recycled material in vehicles and other products, in order
to develop the markets for recycled materials, as one possible aspect for an in-
formation system.

Complexity of approaches for different industry products with different ex-
emptions (E/E, vehicle, etc.) will confuse customer.

10) Vehicle Interior Air Quality:

Strength

Based on existing standards and test methods a third party verification can be
done resulting in labels used also in other sectors (e.g. textiles, TUeV TOX-
PROOF). = easy to communicate.

updated 21/04/2009 100



Weakness

Opportunity
Threat

Addressing a consumer health issue.

Currently not worldwide harmonized.

Complex, time consuming and costly testing required and data are only partly
readily available.

Covering only consumer health issue — thus not as a stand-alone suitable to
define an EFV.

Future vehicles cannot be really assessed as real testing is needed.

Can be easily added to other methods.

Toxicity is an evolving topic with steadily increasing knowledge about the
impact of substances. In addition, the real consumer health impact is highly
dependent on ventilation, vehicle age and other factors not constant during
vehicle life.

11) Life Cycle Assessment:

Strength

Weakness

Opportunity
Threat

Threat

Already world-wide harmonized standard (ISO14040/44).

Comprehensive method covering many important environmental aspects
along the whole life cycle (more than WtW).

No EFV definition in itself / delivers only data that can be used for EFV defi-
nitions.

Very high effort for execution / update.

Interpretation of LCAs only possible by LCA experts judging details of used
approach, data quality and results = no EFV concept for consumers. Ques-
tionable whether suitable for general governmental bodies (only where experts
available)

Often not including infrastructure and integrated approach items.

Data only available on a regional level and for generic vehicle applications.
Complex database needed that is not globally available.

Certain environmental aspects are not covered in an appropriate way (e.g.
toxicity, noise, ...).

Results for the identical vehicle will be different depending on regional as-
sumptions (e.g. for electric vehicles with different electricity grids in India
compared to Europe or US).

Third party review to ensure credibility

Complexity of method will confuse customer who in consequence would ig-
nore the results.

Common fuel quality enhances application of a world-wide (or regional) EFV
concept.

Strengthen vehicle requirements for fully compatible biofuels and future fuel
quality, i.e. second generation biofuel production pathways.

Streamlined WTW approach including the fuel production and distribution
chain.

Monitoring of market fuel quality and third-party certification of fuel quality.
National fuel refiners have a big say in political decisions and consequential
refinery investment for cleaner fuels.

Environmental and other NGOs may favour only certain biomass pathways.
Other national and regional policies, e.g. trade and agriculture, will have a
high political impact on fuel regulations.

12) Well to wheel approach:
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Strength
Weakness

Opportunity

Threat

In Europe accepted approach.

No EFV definition in itself / delivers only data that can be used for EFV defi-
nitions.

High effort for execution / update.

Environmental discussion is reduced to one single parameter (Energy/GHG).
Well-to-wheel analysis deal with different fuel options instead of EFVs.

Data only available on a regional level and for generic vehicle applications.
Data based on scenarios relevant to Europe in 2010 and beyond.

Other environmental aspects such as emissions can be integrated.
Streamlined Life-cycle Approach (only fuel chain is additionally considered).
Third party certification possible.

High additional expenditure for the inclusion of other environmental aspects.

13) ECO Ranking by Consumer associations (e.g. Oko-Trend, VCD):

Strength

Weakness

Opportunity
Threat

Easy to establish and third party verification.

Top Ten results / Labeling.

Methods with more than CO, and emission standards.

Multi Criteria / impact category approach with questionable “scientific” ap-
proved weighting.

Criteria with less benefit for environment are included, but no WTW / lifecy-
cle-data.

WTW and other items can be included.

Due to non-suitable and non-scientific method changing criteria and weight-
ings over time = confuse customer, moving development targets.

14) Green Manufacturing:

Strength

Weakness

Opportunity

Threat

Environmental impact categories exist.

Legislative requirements for environmental aspects.

Accepted approach to improve performance.

Positive impact of product life cycle.

Positive impact on emission cap & trade.

Not clearly defined, scope can be different.

Difficult to compare performances with other plants in same sector.

No direct link (yet) to the type of vehicle being produced/assembled on the
site.

Additional green investments have longer ROI.

To further reduce environmental impact.

Linked to potential operational cost reductions = cost-efficiency.

Image of company can be approved through communication.

Support zero-carbon strategy.

Decouple green investments from normal capital expenditures — look at net
present value.

‘Green-washing’.

Does the consumer care? If not, why invest, in case of cost-disadvantage?
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5. ASSESSMENT OF FEASIBILITY TO INTRODUCE AN EVALUATION CON-
CEPT UNDER THE FRAMEWORK OF WP.29

For an assessment of different EFV-concepts it is necessary to define the target group (fleet cus-
tomers, private customers, NGOs, public procurement, interested public). GRPE decided for
governments and/or customers as target group with the purpose of serving as information sys-
tem.

Potential target groups | Purpose Comment Covered?
Supra-national ~ and | Regulations, fiscal systems | Regulations already in | No
national governmental place, specific for certain

bodies governments aspects (emissions, waste),

might form the basis for
EFV definition but not the
other way around.

Information systems for e.g. | Requires  comprehensive | Yes
public and private procure- | information to assess fu-
ment ture and current vehicle
models. Specific vehicle
variant is less important.

Road charging, access re- | Too dependent on local | No
strictions conditions; better directly
referring to existing regu-
lations. No harmonisation
of local aspects possible.

Customers Information systems for | Requires easy understand- | Yes
purchasing decisions able information for a cur-
rently offered specific ve-
hicle variant.

Automotive industry | Design specifications Already available (see | No
chapter 3.2.2.4 — very spe-
cific for each model. Each
manufacturer needs to
look for a competitive ad-
vantage resulting in differ-
ent strategies and ap-
proaches = harmonisation
of designs not reasonable

A crucial result based on the GRPE discussion is that such an approach should be used as an
information system on a voluntary base. Conversely, this concept can not be a new regulation in
particular for the type approval of the vehicles. Therefore, the concept will be based on existing
regulations related to environmental matters.

Theoretically, the environmental profile of a vehicle could be based on a wide range of indica-
tors mentioned in chapter 4 (all types of emissions to air, use of materi-
als/water/resources/substances etc.).—But from feasible perspective the different indicators are
quite divers and difficult to capture in a one-size fits all approach.
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The feasibility study clearly emphasizes these results. The study has analyzed different concepts
and methodologies (as the SWOT analysis) for the environmental performance of vehicle. None
of the investigated concepts is able to assess and evaluate the environmental performance on a
global harmonized level due to the following reasons:

e An aggregation of different environmental aspects to a single score is based on subjective
weightings that would lead to arbitrary and confusing changes in definitions.

e The environmental profile of a product has always to be interpreted on the background of
different regional and temporal environmental circumstances.

e Data for all environmental aspects are not available and / or are measured in different
ways depending on the region or regulations/legislation.

For example, whereas greenhouse gas emissions or material use are addressing the global effect
climate change and resource depletion, the other indicators are addressing regional or even spe-
cific local effects. Even more, there are fundamental temporal differences within even one indi-
cator. For example, looking at the electricity generation for an electric vehicle even the well-to-
wheel CO, emission differ between regions (e.g. captured or not in an Emission Trade Scheme
avoiding an increase in CO, emissions, change in E-Mix over time). This means that the same
vehicle driving around a region over a certain time will have a continuously changing environ-
mental profile. This makes a robust definition of an EFV impossible.

The environmental performance of a vehicle would need to be evaluated differently depending
on the local and temporal environmental conditions. E.g. the emission standard of a vehicle in a
mega-city has another relevance than in areas with a very low load of air pollutants.

Looking at the SWOT analysis (chapter 4.3) all different approaches have remarkable weak-
nesses. Either the approaches are too simple and/or not comprehensive enough to define an EFV
or they are too complicated for the targeted groups and their applications. However, in any case
the aggregation of different environmental aspects to a single score is not at all recommended
due to the fact that environmental indicators have to be interpreted based on the local or temporal
situation and there is no scientifically / technical justification for a set of weighting factors. Also
a flexible approach allowing regional modification within a range of globally harmonized
weighting factors is not feasible as this could mean local adjustment factors almost continuously
changing over time, different from town or area to another leading to lot of confusion and miss-
ing stability for any applications.

In consequence, single scores for defining EFVs shall not be used for comparative assertions
according to ISO14040 [9, 38] as well as the term "environmentally friendly” shall not be used

according to ISO 14021.

The reason for this ISO rule is that ‘environmentally friendly’ is a very comprehensive and bold
statement that is not likely to be justifiable looking at all the indicators mentioned in chapter 4.
It might be the case that e.g. a vehicle has lower NOy emissions than another vehicle during its
life-time, regarding local air quality. However, ‘environment’ is much more than NOy emissions
and need to take into consideration also other relevant items as for example CO, emissions, other
Greenhouse gas emissions, recycling and end-of-life treatment, noise emissions, hazardous sub-
stances....

In consequence, a vehicle having lower CO, emissions might be identified as a low-CO,-
emission-vehicle but not necessarily “environmentally friendly”. ISO requires a specific defini-
tion/wording, not a misleading terminology.

Therefore, any approach for an EFV have to assume the following guidelines :
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e address clearly the approach as a customer information system on a voluntary base

e ensure a technology- and segment-neutral instead of a technology- and segment-
prescriptive approach

e concentrate on already existing legislation and focus on the crucial requirements in order
to avoid misleading and an information overloading

e take into account national or regional differentiation in order to reflect local/regional leg-
islation and requirements

e avoid simplification of complex indicators or impacts in a single score

e define a realistic and affordable EFV threshold concept from a customer perspective (a
broad share of existing vehicles in all segments)

Additional work shall include the evaluation of the interface between an EFV and an “environ-
mentally friendly infrastructure” (e.g. clean fuels and electricity).

updated 21/04/2009 105



6. REFERENCES

The EFV Informal Group met [four] times. The documentation is available on the UN-ECE-
Website  (http://www.unece.org/trans/main/wp29/wp29wgs/wp29erpe/efv02.html). The
reference to an EFV document in the text of this document is as follows: GRPE-EFV-“no. of
meeting”-“no. of document”.

[1] Schmidt et al: Life Cycle Assessment of Lightweight and End-of-Life Scenarios for
Generic Compact Class Passenger Vehicles, Int J LCA 9 (6) 405 — 416 (2004).

[2] “Well-to-Wheel analysis for future automotive fuels and powertrains in the European
context” by EUCAR/CONCAVE/JRC”, Well-to-Wheels Reports
http://ies.jrc.ec.europa.eu/our-activities/support-to-eu-policies/well-to-wheelsanalysis/well-
to-wheels.html

[3] Kuchling: Physik: VEB Fachbuchverlag Leipzig 1978, p. 106.

[4] Massachusetts Technology Collaborative, Renewable Energy Trust, Glossary:
http://www.mtpc.org/cleanenergy/energy/glossaryefficiency.htm

[5] WWEF Climate Glossary:
http://www.wwf.org.hk/eng/conservation/cimate/glossary.php

[6] Regional Wood Energy Development Programme in Asia;
http://www.rwedp.org/d_units.html

[7] Directive 2000/53/EC of the European Parliament and of the Council of 18 September
2000 on end-of-life vehicles [Official Journal L 269 of 21.10.2000], Article 2.

[8] Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 on
waste, Article 1(a).

[9] ISO 14040:2006(E).

[10] The Motor Industry of Japan 2008. Japan Automobile Manufacturers Association, Inc.
http://www.jama.org/library/pdf/brochures2008MIJReport.pdf

[11] ,,Bewertungsmethode: Wie sauber fihrt Dein Auto?*, e’'mobile,

Schweizerischer Verband fiir elektrische und effiziente Strassenfahrzeuge
http://www.e-mobile.ch/index.php?pid=de.2.82

[12] “The comparison of two environmental rating systems: BIM-EcoScore vs. ECCleaner
Drive®, ETECE Publications, Vrije Universiteit Brussel
http://etecmc10.vub.ac.be/publi.php?pageNum_Recordset]=1&totalRows Recordset1=8

[13] Timmermans et al, Environmental rating of vehicles with different fuels and drive trains:
a univocal and applicable methodology, European Journal of Transport and Infrastructure
Research, 6, no. 4 (2006), pp. 313-334

[14] Gerben Passier, TNO,

(Working paper No. EFV-01-06, GRPE Informal Group on EFV, 1st Meeting, 6. June
2008)“Ecoscore”, VITO
http://www.ecoscore.be/ecoscore/EcoScoreDownloads.asp?Language=NL &vcat=M 1 &Ext
endedSearch=Y

[15] “The GREET Model”, Argonne
http://www.transportation.anl.gov/modeling_simulation/GREET/

[16] ] “guide to green”, ACEEE
http://greenercars.org/guide.htm

[17] “Lifecycle Emissions Analysis”, University of California, Institute of Transportation
studies
http://www.its.ucdavis.edu/people/faculty/delucchi/index.php#LifecycleEmissions

updated 21/04/2009 106



[18]

[19]

[20]

[21]

“GHGenius, a model for lifecycle assessment of transportation fuels”, Natural Resources
Canada

http://www.ghgenius.ca/reports.php

Ridge L (1998): EUCAR — Automotive LCA Guidelines — Phase 2. In: Total Life Cycle
Conference and Exposition; Graz, Austria; 12/01/ 1998-12/03/1998. SAE paper 982185,
193204.

“Umwelt-Zertifikat Mercedes-Benz C-Klasse®, Mercedes-Benz
http://www.mercedesbenz.de/content/media_library/germany/mpc_germany/de/mercedesb
endeutschland/personenwagen/home/produkte/neufahrzeuge/c-
klasse/cklasse_limousine/umweltzertifikat de.object-Single-
MEDIA.download.tmp/Umweltzertifikat.pdf

“The Golf, Environmental Commendation Background Report”, VW
http://www.volkswagen.com/vwcms_publish/etc/medialib/vwcems/virtualmaster/de/Unterne
hmen/mobilitact_und_nachhaltigkeit/downloads/umweltpraedikate.Par.0017.File.pdf

[22] “Environmental Product Information”, VOLVO

[23]

[24]

[25]

[26]
[27]
[28]

[29]

http://www.volvocars.com/intl/corporation/FactsandFig.s/Environmental ProductInformatio
nEurope/Pages/default.aspx

Product Sustainability Index, Ford 2006

http://media.ford.com/newsroom/release display.cfm?release=26596

,»Studie CO,-freie Mobilitdt durch Biokraftstoffe, Forschungsvereinigung Verbrennungs-
kraftmaschinen

http://www.fvv-net.eu/download/plonearticle.2006-11-01.2016161066

“DRIVECLEAN, a guide to clean and efficient vehicle technologies”, California Air
Resources Board

http://driveclean.ca.gov/

“Green Vehicle Guide, an Australian Government Initiative”, Department of Infrastructure,
Transport, Regional Development and Local Government
http://greenvehicleguide.gov.au/GVGPublicUI/QuickCompareWebForm.aspx?CurrentTask
=9531567f-¢356-4427-aala-781891c66655

“Green Vehicle Guide”, EPA

http://www.epa.gov/greenvehicle/

“Fuel Economy”, EPA

http://www.fueleconomy.gov/
“Eco cars”, Vigverket

http://vv.se/templates/page3 21943 .aspx

Reducing CO, Emissions in the Global Road Transport Sector. Japan Automobile
Manufacturers Association, Inc.
http://www.jama-english.jp/publications/2008 CO2 RoadTransport.pdf

,,J Jahre EcoTest: Europa sucht den Umweltstar*, ADAC
http://www.adac.de/Tests/Autotest/Ecotest/default.asp? ComponentID=185779&SourcePag
elD=8447

,,EcoTest, FIA Foundation

http://ecotest.eu/Pages/Home.aspx

Lottsiepen, G.: ,,VCD Auto-Umweltliste 2008/2009°, fairkehr, Nr. 4/2008
L2Auto-Umweltliste 2008, VCS
http://www.verkehrsclub.ch/de/politik-kampagnen/ratgeber/auto-umweltliste.html
., Auto-Umwelt-Zertifikat“, OKOTREND-Institut
http://www.oeko-trend.de/start/index.php?page=2&lang=de

“Green Efficiency Ratings”, JDPower
http://www.jdpower.com/autos/ratings/green-efficiency-ratings

“Car Buyers’ Guide”, ETA

updated 21/04/2009 107



http://www.eta.co.uk/car_buyers_guide

[37] “Informal working group on EFV, working papers”, UNECE
http://www.unece.org/trans/main/wp29/wp29wgs/wp29grpe/efv01.html

[38] W.P. Schmidt, J. Sullivan; Weighting in Life Cycle Assessments in a Global Context;
IJLCA, Int JLCA 7 (1) 5-10(2002)

updated 21/04/2009 108



Also screened:

[100]

[101]

[102]

[103]
[104]

[105]

[106]

[107]
[108]

Schindler, J., Weindorf, W.: ,,Einordnung und Vergleich biogener Kraftstoffe —

,» Well-to-Wheel““- Betrachtung™

http:/www.itas.fzk.de/tatOup/061/scwe06a.pdf

“Well-to-Wheel Energy Use and Greenhouse Gas Emissions of Advanced Fuel/Vehicle
Systems — North American Analyses —“, GM, Argonne, BP, ExxonMobil, Shell*
http://www.transportation.anl.gov/pdfs/TA/163.pdf

“Top 10 Green Cars 2008, Autotropolis
http://autotropolis.com/wiki/index.php?title=Top 10 Environmentally Friendly Cars fo
r 2008

“Green Center”, yahoo autos

http://autos.yahoo.com/green_center/

,,Clean Vehicles®, Union of Concerned Scientists

http://www.ucsusa.org/clean_vehicles/

“Environmental Performance Labels for Vehicles: Context and Findings of Market
Research for the U.S. Environmental Protection Agency”, ACEEE
http://www.aceee.org/pubs/t071.htm

“DEVK Versicherungen und ACV verlethen Umweltpreis an die Autoindustrie®,
OkoGlobe 08

http://www.oeko-globe.de/

Gruden, D.: ,,Umweltschutz in der Automobilindustrie®, ATZ/MTZ-Fachbuch, 1/2008
Gordon; D.: “Fiscal Policies for Sustainable Transportation: International Best Practices”,
A Report Prepared for The Energy Foundation and The Hewlett Foundation, 03/2005
http://www.iea.org/

http://www.umweltbundesamt.de/verkehr/index.htm
http://www.bmu.de/allgemein/aktuell/160.php

http://www.duh.de/

http://www.ifeu.org/

http://www.dlr.de/

http://www.bund.net/

http://www.th-gelsenkirchen.de/fb11/homepages/CAR/index.htm
http://www.sugre.info/Vorlage.phtml?id=487&sprache=en

http://www.fia.com/

http://www.ace-online.de/

http://www.avd.de

http://www.tcs.ch

http://www.vcoe.at/

http://www.oica.net/

http://www.vda.de/

http://www.opel.de/

http://www.bmw.de/

http://www.audi.de/

http://www.ford.de/

http://www.renault.de/

http://www.peugeot.de/home/

http://www.citroen.de/CWG/

http://www.toyota.de/

http://www.nissan.de/

http://www.marutisuzuki.com/

http://siamindia.com/

http://autos.sify.com/

updated 21/04/2009 109



[137] http://www.araiindia.com/

updated 21/04/2009 110



