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0. EXECUTIVE SUMMARY 
 
……………………………….. 
 
1. 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 3rd 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 3rd EFV Conference 
are the following:  
• 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.  

• In an integrated approach, all road transport players have to be involved in the reduction of 
CO2 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. 

• 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.  

• 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.  

• It 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). 
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• Future EFV Conferences is to be held every two years and should focus on the following 
issues: 
- 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). 

 
1.2. 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: 
 
• The available literature and concepts, including regulations and standards, shall be screened 

and analysed. 
• In a first step mainly energy efficiency and CO2 emissions is considered and assessed on the 

basis of an integrated ″well-to-wheels″ approach. 
• 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/CO2) 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". 

 
- Explanation of the approach (criteria, tools, SWOT), leading to the feasibility statement. 
 
< text to be finalized by Germany, BMVBS > 
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2. DEFINITIONS 
 
2.1. ENVIRONMENTALLY FRIENDLY VEHICLE 
 
- Common definition of EFV is not existing. 
 
- 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 14021defines: 
 

"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 
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. 

 
< text to be finalized by Germany, BMVBS > 
 
 
2.2. 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]. 
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Fig. 2.2-1: Scheme of Life Cycle Assessment method. [   ] 
 
< Fig. will be updatet by Ford > 
 
 
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].  
 
 
 
2.4. FUEL EFFICIENCY, FUEL CONSUMTION, ENERGY USE 
 
< text to be finalized by Germany, BMVBS / BASt > 
 
 
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 [6]. 
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• [ Ratio of energy output of a conversion process or of a system to its energy input [4]. ] 
• [ Conversion ratio of output and input energy of energy production technologies and end-

use appliances.  The lower the efficiency, the more energy is lost [5]. ] 
 
< maybe the use of the term energy efficiency in political discussions needs to be explained > 
 
 
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: 
 

 
 
Fig. 2.6-1: Energy mix for EU. 
 
 
• Resource availability is influencing the share in this combination of each energy sources. 
 
< Example for a second country plus examples for electric energy mix > 
 
 
2.7. LIFETIME; USEFUL LIFE; LIFE CYCLE   
 
• 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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• 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 II 
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, LDT1s 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 good practice of OEMs to apply different mileages in different vehicle seg-
ments. 

 
• 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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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).] 
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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. 
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Tab. 3.1.1.2-2: Exhaust Emission Limit – Diesel vehicles. 

 
 
 
Other Requirements: 
 
• From 2005: 

HC is measured as NMHC 
Light Weight Commercial Vehicles ≤ 1.7 t 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 + JC08C until 31 March 2011 (28 Feb 2013 for imported ve-

hicle); after: JC08H + JC08C 
- Emission limits are similar to the relevant 2009 vehicle regulation  
- Application date: domestic vehicle: 01 Oct 2009; imported vehicle: 01 Sep 2010 

 
• 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 + JC08 mode cold start x 0.25 
From Oct 2009: JC08 mode hot start x 0.75 + JC08 mode cold start x 0.25 

 
• 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 

 
• Idle CO & HC – Gasoline and LPG: 

Idle CO: 1per cent, Idle HC: 300 ppm 
 
• 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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• 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) 

 
• 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 

 
• 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 

 
• Fuel quality – Sulphur content:  

Diesel: from Jan 2007: 10 ppm 
Gasoline: current: 50 ppm; from Jan 2008: 10 ppm 

 
• NOx – PM Law: 
 
Tab. 3.1.1.2-3: NOx – PM Lwa (Applicable in following metropolis: Tokyo, Saitama, Chiba, 

Kanagawa, Aichi, Mie, Osaka, Hyogo) 

 
 
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) 

 
 
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: 
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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. 
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Tab. 3.1.1.2-5: Driving cycle summary. 

 
 
 
 
 
 
 
 

 
 
3.1.1.3. FUEL EFFICIENCY 
 
< Explanation from Hoshi-Presentation > 
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Fig. 3.1.1.3-1: Japanese fuel efficiency legislation. 
 
 
3.1.1.4. EFV APPROACH IN JAPAN 
 
< Explanation from Hoshi-Presentation > 
 
3.1.1.5. NOISE 
 
< further input expected > 
 
3.1.1.6. RECYCLING 
 
< further input expected > 

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 
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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 
Devices (AECDs)  
& Defeat Devices 

40 CFR 86.1809-01, 40 CFR 
86.1803-01, 86.1844-01  

This regulation requires that vehicle emissions 
control system effectiveness be certified in driving 
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 
Recovery (ORVR) 

40 CFR Part 86 subparts A 
(prior to 2001), S (2001+), B 

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

US EPA MSAT Cold 
NMHC  
Exhaust Emissions Limits 

40 CFR Part 86 Subpart S 

US EPA requirements for PC, LDT and MDPV 
Cold NMHC exhaust emissions.  
Vehicles are required to be certified to a Cold 
NMHC family emissions limit (FEL) rounded to 
the nearest 0.1 g/mi.  Sales weighted fleet average 
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  
(OBD) 

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

Cold Temperature CO  
Emission Standards 

40CFR86.094-8(k) & -9(k), 
Cold CO for PC & LDT 

The cold temperature certification CO standards at 
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 standards 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: 
 
• US06 opt: Relaxed 4k NOx+NMHC std in exchange for 30per cent stricter composite SFTP 

NOx+NMHC std.  Also extends SFTP useful life to 150k. 
• High Alt. Option; Bin 7/8 veh. Allowed in-use NOx std of 1.2x the FTP std., when at high 

alt. 
In exchange, must meet Bin 5 PM std. 
lso 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 lbs 
 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. 

 
 
 
Tab. 3.1.2.1-2: Tier II Phase_In-Schedule in % (Vehicles < 6000 lbs GVWR). 
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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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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-
rative Emission 
Regulations 

California Evaporative 
Emission Standards and 
Test Procedures for 1978 
and Susequent 

Regulation adds more stringent evaporative emission test proce-
dures, longer vehicle usefull life definition, a new vehicle running 
loss emission standard and test procedure. 

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. 

LEV II 

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  
(ORVR) 

California Refueling Emis-
sion Standards and Test 
Procedures for 1998 and 
Subsequent Model Motor 
Vehicles/California Code of 
Regulations section 1978 

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

SFTP –  
Supplemental 
Federal Test Pro-
cedures 

CCR Section 1960.1 

The Supplemental Federal Test Procedure (SFTP) regulations add 
on to the current Environmental Protection Agency's Federal Test 
Procedure (FTP). 
SFTP contains two new drive cycles (a high speed and high load - 
US06 cycle and air conditioning on cycle - SC03) and standards.  
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 
II  
(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 II 
Exh. Em. 

Title 13, Division 3, Chap-
ter 1, Section 1961 CARB requirements for PC, LDT and MDV 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 
LCFS 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. 

PC/LDT1 LDT2/MDPV Tier MY g mile-1 g mile-1 

2009 323 439 
2010 301 420 
2011 267 390 Near-Term 

2012 233 361 
2013 227 355 
2014 222 350 
2015 213 341 Mid-Term 

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 nationwide 
Regulation China 
special areas Reference Comment 

CO2/ fuel 
consumption 
standards  

Fuel consumption standards applied 
to M1 vehicles with GVM not more 
than 3500kg 2 sets of fuel consump-
tion limits for different M1 models:
1. Normal M1 (with MT and ex-
cluding the following models), 
2. Special M1 (automatic transmis-
sion (AT), or 3 or more rows of 
seats or off-road vehicles); 
2-phase implementation: 
Phase-1 started 07/2005 for new 
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. 

  Important Tech-
nical Standards & 
Legislations in 
China Auto In-
dustry; Volks-
wagen Group 
China; Issue: 
Aug. 2008 China 
Automotive 
Technologie 
News; Volks-
wagen Group 
China; Issue No. 
59, August 2008; 
Technical Devel-
opment Division 
(Source: CA-
TARC) 

Regulation Name: 
Limits of fuel con-
sumption for light 
duty commercial vehi-
cles 
 
Regulation Number: 
GB 20997-2007 
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China - Environmental Regulations 

  Regulation China nationwide 
Regulation China 
special areas Reference Comment 

Emission 
control 

From July 1st of 2007, the car mod-
els 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. The Chi-
nese authorities are considering to 
draft the national standard similar or 
equivalent to EU 5/ EU 6 after the 
official publication of EU 5/ EU 6 
in Europe. 

Beijing has imple-
mented EU 4 for 
gasoline passenger 
cars since March 1st 
of 2008. For this 
implementation, 
Beijing Municipal 
Government imple-
mented its local fuel 
standards of EU 4 
for both gasoline & 
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.  

Important Tech-
nical Standards & 
Legislations in 
China Auto In-
dustry; Volks-
wagen Group 
China; Issue: 
Aug. 2008 

Regulation Name: 
Limits Measurement 
Methods for Emis-
sions From Light-
Duty Vehicles (II and 
IV) 
 
Regulation Number: 
GB18352.3-2005 

Diesel Emis-
sions   

Because of the local 
air pollution prob-
lems, some special 
local areas beside 
Beijing, including 
Guang-
zhou/Shenzhen, will 
adopt more stringent 
regulations for die-
sel vehicles, espe-
cially more strict 
requirements for the 
particulate emis-
sions. 

Important Tech-
nical Standards & 
Legislations in 
China Auto In-
dustry; Volks-
wagen Group 
China; Issue: 
Aug. 2008   

OBD Re-
quirements 

From July 1st 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 
gasoline cars registered nationwide; 
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. 

Chendu started to 
request the OBD on 
the EU 3 cars from 
May 1st of 2008, 
which was one year 
earlier than the 
nationwide imple-
mentation plan. 

Important Tech-
nical Standards & 
Legislations in 
China Auto In-
dustry; Volks-
wagen Group 
China; Issue: 
Aug. 2008 

Regulation Name: 
Limits Measurement 
Methods for Emis-
sions From Light-
Duty Vehicles (II and 
IV) 
 
Regulation Number: 
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/ISO22628:2002   
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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: 
 

• From July 1st 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; 

• From July 1st 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; 

• 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. 

 
 
 

 
 

Fig. 3.1.3.2-1: Emission control for petrol passenger cars – overview and perspective. 
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Fig. 3.1.3.2-2: Emission control for diesel passenger cars – overview and perspective. 
 
 

 
 
Fig. 3.1.3.2-3: OBD implementation plan China-wide. 
 
 
Emission control – other specific issues 
 
• 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. 

 
• 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 1st of 2008.  This movement shows that more and more local areas will have the ad-
vancing implementation of the national standards. 

 
• 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. 

 

2008 2009 

Shanghai 
New registered 

cars 

Nationwide 
New approval 

cars 

Nationwide 
New registered 

cars 

Beijing 
New registered 

cars 

Guangzhou/ 
Shenzhen 

New registered 
cars 

2010 2016 2014 2012 2015 2013 2011 

Today E3 EU4 ?       

E3 EU4 ? 

?                                               EU5 

EU3 ?      EU4 + DPF ?         EU5 

E3 ?                   EU4 ?  EU5 

No diesel car? 



29 

• 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. 
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Fig. 3.1.3.2-4: NEDC 2000. 
 
 
Tab. 3.1.3.2-1: Driving cycle summary. 

 
 
 
 
 
 
 

 
 
 
3.1.3.3. FUEL CONSUMPTION STANDARDS FOR PASSENGER CARS 

 
• Standards applied to M1 vehicles with GVM not more than 3500kg 
 
• 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) 
 
 

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 
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• 2-phase implementation:    Phase-1  Phase-2 
 new approval car models    07/2005   01/2008 
 in-production car models    07/2006   01/2009 
 
• 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. 
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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. 
 
• Researches on the development of the “Administrative Rules on RRR Rates of Automotive 

Products and Banned/Restricted Materials” and the relevant calculation methods; 
• Survey / study on the banned/restricted materials in China auto industry; 
• Basic researches and data collection related to China Automotive Materials Data System 

(CAMDS). 
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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: 
 
• CO2 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: 
 
1. ″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; 

 
2. ″Green Vehicle″ Certification by National Technical Committee for Environment Manage-

ment, Standardization Administration of China (SAC).  The relevant national standard is un-
der approval; 

 
3. ″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). 

 
4. ″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.No.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  
 
3.1.4.1. UN-ECE AND EUROPEAN ENVIRONMENTAL REGULATIONS 
 
 UN-ECE Environmental Regulations European Regulations 
Regulation Reference Comment Reference Comment 
   Airquality: 

2008/50/EC on ambi-
ent air quality and 
cleaner air for Europe 

Regulations of ambient 
air quality in relation to 
sulphur dioxide, nitrogen 
dioxide and oxides of 
nitrogen, particulate 
Matter (PM10, PM2,5), 
lead, benzene, carbon 
monoxide and ozone 

Regulated pollut-
ants –  roller 
bench type ap-
proval 
 

    

Emissions of pol-
lutants according to 
engine fuel re-
quirements 
 

ECE R 83-05 
 

Scope: vehicles M1, N1 
with MTALW ≤ 3,5 t  
 

Euro 5 & 6: 
715/CE/2007 et 
692/2008/CE 
 

Scope: vehicles M1, M2, 
N1, N2 with reference 
mass ≤ 2610 kg (deroga-
tion possible until 2840 
kg under specific condi-
tions) 
 

 supplement 1 to 6 - provisions for OBD; 
emission test proce-
dure for periodically 
regeneration exhaust 
aftertreatment sys-
tems; provisions for 
Hybrid vehicles type 
approval; provisions 
for gaseous LPG/NG 
vehicles 

 implementation measure 
based on ECE R 83-05 
except some specific 
requirements (limit val-
ues; deterioration factors; 
durability test procedure; 
emission at low T°C in 
Diesel; OBD; access to 
vehicle repair and main-
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 

7 
- provisions for modi-

fied particulate mass 
measurement proce-
dures; 

- provisions for particle 
number measurement 
procedures 

 

  

Smoke (Diesel 
only) 

ECE R 24-03 Scope: all Diesel vehicles Euro 5 & 6: 
715/CE/2007 et 
692/2008/CE 

Scope: vehicles M1, M2, 
N1, N2 with reference 
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 
CO2 measurement 

ECE R 101 
 

Scope: vehicles M1 
(internal combustion 
engine and hybrid elec-
tric powertrain) and 
vehicles M1 & N1 pow-
ered by an electric pow-
ertrain 
 

Euro 5 & 6: 
715/CE/2007 et 
692/2008/CE 
 

Scope: vehicles M1, M2, 
N1, N2 with reference 
mass ≤ 2610 kg (deroga-
tion possible until 2840 
kg under specific condi-
tions) - roller bench type 
approval 

 supplement 6 the driving cycle is the 
one described in the UN 
ECE R38 (NM VEG 
cycle); regenerating 
system taken into account 

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

CO2 regulation nothing up to now  European project on 
going 

Scope announced: M1 
and N1 later on 

ELV & recyclabil-
ity 
End of Life Vehi-
cles 
Recyclability, 
recovery & reuse 
 

   
2000/53CE 
2005/64/CE 
 

 

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 
2013 (estimation) 

2007/34/CE  
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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 carbon 
monoxide (CO) 

Mass of  hy-
drocarbons  
(HC) 

Mass of 
oxides of nitro-
gen  
(NOx) 

Mass of  
particulates(1) 

(PM) 
 

Reference 
mass  
(RW) (kg) 

L1 (g/km) L2 (g/km) L3 (g/km) L4 (g/km) 
Category Class  Petrol Diesel Petrol Diesel Petrol Diesel Diesel 

M (2) - All 2,3 0,64 0,20 - 0,15 0,50 0,05 
I RW ≤ 1305 2,3 0,64 0,20 - 0,15 0,50 0,05 

II 1305 < RW ≤ 
1760 4,17 0,80 0,25 - 0,18 0,65 0,07 Euro 3 N1 

(3) 

III 1760 < RW 5,22 0,95 0,29 - 0,21 0,78 0,10 
M (2) - 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 

II 1305 < RW ≤ 
1760 1,81 0,63 0,13 - 0,10 0,33 0,04 Euro 4 N1 

(3) 

III 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 
carbon 
monoxide      
(CO) 

Mass of 
total hy-
drocar-
bons 
(THC) 

Mass of 
non-
methane 
hydrocar-
bons 
(NMHC) 

Mass of 
oxides of 
nitrogen 
(NOx) 

Mass of particu-
late matter (1) 

(PM) 

Number of 
particles (2) 
(P) 

 

Refer-
ence 
mass 
(RM) 
(kg) 

L1 (mg/km) L2 
(mg/km) L3 (mg/km) L4 (mg/km) L5 (mg/km) L6 (#/kg) 

Cate
gory 

Class  PI CI PI CI PI CI PI CI PI(3) CI PI CI 

M - All 1000 500 100 - 68 - 60 180 5,0/4,5 5,0/4,5 - 6x1011 

I RM ≤ 
1305 1000 500 100 - 68 - 60 180 5,0/4,5 5,0/4,5 - 6x1011 

II 
1305  
< RM ≤ 
1760 

1810 630 130 - 90 - 75 235 5,0/4,5 5,0/4,5 - 6x1011 N1 

III 1760 < 
RM 2270 740 160 - 108 - 82 280 5,0/4,5 5,0/4,5 - 6x1011 

N2 - All 2270 740 160 - 108 - 82 280 5,0/4,5 5,0/4,5 - 6x1011 

 
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 
carbon 
monoxide     
(CO) 

Mass of 
total hy-
drocar-
bons 
(THC) 

Mass of 
non-
methane 
hydrocar-
bons 
(NMHC) 

Mass of 
oxides 
of nitro-
gen 
(NOx) 

Mass of particu-
late matter 
(1)(PM) 

Number of 
particles (2) 
(P) 

 

Reference 
mass 
(RM) (kg) 

L1 
(mg/km) 

L2 
(mg/km) 

L3 
(mg/km) 

L4 
(mg/km) L5 (mg/km) L6 (#/kg) 

Cate
gory 

Class  
PI CI PI CI PI CI PI CI PI(3) CI PI(4

) CI(5) 

M - All 1000 500 100 - 68 - 60 80 5,0/4,5 5,0/4,5 - 6x1011 

I 
RM ≤ 
1305 1000 500 100 - 68 - 60 80 5,0/4,5 5,0/4,5 - 6x1011 

II 
1305  
< RM ≤ 
1760 

1810 630 130 - 90 - 75 105 5,0/4,5 5,0/4,5 - 6x1011 N1 

III 1760 < 
RM 2270 740 160 - 108 - 82 125 5,0/4,5 5,0/4,5 - 6x1011 

N2 - All 2270 740 160 - 108 - 82 125 5,0/4,5 5,0/4,5 - 6x1011 

 
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. 
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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. 

 
 
 
 
 
 
 

 
 
 
 
3.1.4.3. CO2 - European Regulation 
 
< introduction by BMVBS > 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.1.4.3-1: Correlation vehicle weight - CO2 for year 2006. 
 
 
CO2 Proposal on Passenger Cars: 120 g CO2/km by 2012 (130 g CO2/km by improvements in 
vehicle technology + reduction of 10 g CO2/km by technological and biofuels). 
 
[Additionally the problem of comparison of different energy carriers (petrol, diesel, hydrogen, 
LPG, CNG, electric power, etc.) has to be solved.  Therefore the energy content of the energy 
carrier should be the basis for the definition.  An international definition of the energy content of 
energy carriers is necessary.  Besides the definition of energy content a definition for energy 
efficiency seems to be prudent.  In this context energy consumption should be related to a certain 

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 
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parameter.  This could be e.g. the mileage driven and/or vehicle size (curb mass, foot print etc.).  
Which parameter fits best has to be defined at a later date and depends on the specific purpose.  
 
In the following an example is given on the basis of driven mileage and curb weight.  Based on 
this example the definition of energy efficiency would be:  
 

Eeff = Eeg./m*d 
 
Eeff - Energy efficiency [J / (kg * km)] 
Eeg. - Energy equivalent [J] 
m - vehicle curb weight [kg]   
d - distance [km]  ] 

 

 
 
Fig. 3.1.4.3-2: Fleet average of different manufactures and goal for 2012 (as discussed cur-

rently) 
 
 
3.1.4.4. CO2 LABELLING DIRECTIVE  
 
< contribution by Germany, BMVBS > 
 
 
 
3.1.4.5. FUEL REGULATIONS 
 
< contribution by The Netherlands > 
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3.1.4.6. NOISE 
 
ECE R51.02 
2007/34/CE 
 
< further input expected > 
 
 
3.1.4.7. RECYCLING 
 
2000/53/CE 
2005/64/CE 
Decision 2008/689/CE 
 
 
< further input expected > 
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3.1.5. ENVIRONMENTAL LABEL SWITZERLAND 
 
Development of an environmental rating label for cars  
 
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 CO2 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 für energieeffiziente und emissionsarme Fahrzeuge (KeeF)).  The calculation of envi-
ronmental impact points includes emissions of NOX, HC, PM10, CO, CO2, 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 
CO2 Discussion ongoing. Proposals based 

on mass CO2 target lines affective 
2010. Less stringent targets compared 
to EU. 

 SIAM presentations 

HC+Nox, Co 
Light Duty 

From April 2005, India State emis-
sions requirements based on European 
Stage II with the National Capitol 
Region (NCR) and other cities, man-
dating requirements based on Euro-
pean Stage III. Stage III applicable to 
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. 

CENTRAL MOTOR VEHI-
CLES RULES, 1989 (EX-
TRACTS) 
Latest amendment Notification 
No. GSR 207(E) dated April 
10, 2007 

Regulation Name: 
INDIA EMIS-
SIONS FORECAST 
- LIGHT DUTY 
 
 

OBD Require-
ments 

The Bharat Stage IV requirements are 
amended to mandate OBD. OBD is 
applied in 2 phases, with the OBD 
thresholds (identical to the European 
Stage III / IV thresholds) being ap-
plied at the second step.  
VEHICLES AFFECTED:  All Light 
Duty Vehicles (M&N) GVM <= 
3500kg 

draft BS-IV, CMVR draft 2006 Regulation Name: 
Bharat Stage IV - 
proposed inclusion 
of OBD 
  

Noise Require-
ments  

Exterior noise requirements applicable 
from 1 Jan 2003, 1 July 2003 & 1 
April 2005 manufacture. 

G.S.R.849(E), Environment SI 
No 56 dated 30 December 2002 

Regulation Name: 
EXTERIOR NOISE 
REQUIREMENTS  

Type Approvel – 
CNG Vehicles 

Revised requirements for conversion 
and retro-fitment of Compressed 
Natural Gas (CNG) systems.  Appli-
cable from 19 May 2002. 

  Regulation Name: 
TYPE APPROVAL 
OF CNG VEHI-
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 + 
In-Service Com-
plience ] 

Detailed regulations for type-approval 
and in-service compliance by all vehi-
cles in India. 
DEFINITIONS (CMVR 2): Vehicle 
category definitions are as for EU and 
UN-ECE 1958 Agreement. Smart 
Cards used in driving licences, etc., 
must be to ISO 7816 and CMVR 
Annex XI. 

CMVR 1989 amended to GSR 
589(E) 07Oct05 

Regulation Name: 
CENTRAL MO-
TOR VEHICLE 
RULES 
Regulation Number: 
A03198 
 

[ Type Approval + 
In-Service Com-
plience ] 

The MoRTH (Ministry of Road 
Transport and Highways) has issued a 
list of amendments to the Central 
Motor Vehicle Rules (CMVR) based 
on the SIAM Road Map and GSR 
172(E). Most changes introduce re-
quirements for construction equip-
ment and trailers. 

MoRTH Regulation Name: 
Amendments to the 
CMVR 
 
Regulation Number: 
S.O 589(E) 

 
 
3.1.6.2. EXHAUST GAS EMISSION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Implementation Dates of Euro Emission Specifications for 
New Passenger Vehicles

In cities

Note: *National Capital Region
(1) In India, Bharat norms are the equivalent of Euro norms.

(2) A review in 2006 will determine nationwide specifications post-2010.
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Driving Cycles: 
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Fig. 3.1.6.2-2: Indian Test Cycle. 
 
 
Tab. 3.1.6.2-1: Driving cycle summary. 

 
 
 
 
 
 

 
 
3.1.6.3. CO2 

 
< further input expectet > 
 
 
3.1.6.4. NOISE 
 
< further input expected >  
 

Time (excl. soak) 1180 s 
Distance m 
Max. Speed 90 km/h 
Ave. Speed km/h 
Soak N/A 
Gear shift (man) Fixed speeds 
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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 timeTab. 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 
 
< further input expected >  
 
 
3.1.8. BRAZIL 
 
3.1.8.1. EXHAUST GAS EMISSION 
 
 

 
 
Fig. 3.1.8.1-1: Exhaust gas emission legislation. 
 
< further input expected > 
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3.1.9. AUSTRALIA 
 
3.1.9.1. EXHAUST GAS EMISSION 
 
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 
 
< further input expected > 
 

 
3.1.10. STANDARDS 
 
• ISO 14021 
• ISO 14040/44 
• [ISO 14020, 14062] 
• ISO 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: 
 
• the environmental impact of production, use and recycling of the vehicle: lifecycle considera-

tions (LCA) 
• 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 [1]  

 
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. 

 
 
 
• TTW-Report  
In this study the fuel consumption respectively the greenhouse gas emissions (CO2, CH4, N2O) 
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. 3.2.2.2-1 ). 
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. 

 
 
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.  
 
• The model vehicle is merely a comparison tool and is not deemed to represent the European 

average, a/o in terms of fuel consumption. 
• The results relate to compact passenger car applications, and should not be generalized to 

other segments such as Heavy Duty or SUVs. 
• 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. 

• 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/NOx/CO (Summer smog / Acidification), lands use, etc. are also 
not addressed. 

 
 
 
3.2.1.2. EU-PROJECT: CLEANER DRIVE    
 
The ″Cleaner Drive″-project [10] 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: 
 
• Greenhouse gases (CO2, CH4, N2O, O3) 
• Air Pollution (CO, NOx, NMHC, SO2, 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” [11,12].  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. 
 

 

 
 
Fig. 3.2.1.2-1: Environmental rating of vehicles with different fuels and drive trains [35] 
 
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 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 passengers cars and allows 
you to calculate the ecoscore of your car based on the emissions from the coc (certificate of con-
formity) 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 
government and the Brussels region plan to used ecoscore as purchasing tool. The Flemish re-
gion 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 [xx] 
 
< an updated contribution will be provided by TNO > 
 
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 CO2-emissions which both have to be included into the assess-
ment of EFVs.  Hence the TNO concept proposes a separation of the whole chain into WTT and 
TTW issues what means that WTT concerns e.g. fuel production or fuel type are considered by 
means of CO2 emissions.  Accordingly TTW-issues are basically related to the powertrain effi-
ciency and thus part of the key aspect energy efficiency.  
 
In order to evaluate EFVs the two key aspects energy efficiency (EE) and CO2 emissions are 
then combined according to the following equation: 
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Fig.: 3.2.1.3-1: …….. 
 
 
With the aim to weight the importance of CO2 versus the energy efficiency a standardisation 
should be performed finally. (Whereas standards could be based on e.g. average, minimum or 
best in class.)  
 
 
 
 
 
 
Fig.: 3.2.1.3-2: …….. 
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3.2.2. LIFE CYCLE ASSESSMENT (LCA) 
 
3.2.2.1. GREET Model (DOE USA) [30] 
 
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: 
 
• The fuel-cycle module (well to wheels analysis regarding resource extraction, fuel produc-

tion, transport, storage, distribution and marketing and vehicle operation) 
• 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: 
 
• 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 CO2-equivalent greenhouse gases - primarily carbon dioxide (CO2), methane 

(CH4) and nitrous oxide (N2O). 
• 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) [31] 
 
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, NOx, 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. 

• 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: 
• 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 NOx. 
 
In addition to this, further findings concerning such concepts are specified in the literature list, 
chapter 6. Notably [32] and [33] are worth mentioning. 
 
 
3.2.2.3. 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) [26].  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: 
 
• 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), 

• 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), 
• 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 CO2 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: 
 
• What are the environmental impacts of lightweight design options? 
• What is the importance of the EOL phase relative to other life cycle phases? 
• 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. 3.2.4-1), 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. 3.2.3-1 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-



56 

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: ……. 

 
 
 
Tab. 3.2.2.3-2: …….. 

 
 
 
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 
 
< Product sustainability index from Ford will be included or all company-specific-approaches 
deleted > 
 

 Mercedes [27] 
 
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: 
• Vehicle Production 
• Fuel Production 
• Operation (covered distance: 150 000 km in NEDC) 
• Recycling 

 
The selected parameters are: 
 

 
Fig. 3.2.2.4-1: Selected parameters from Mercedes LCA. 
 
The results of the Life Cycle Assessment have been verified and certified by TÜV SÜD. 
 
Mercedes awards its analysed cars with an Environmental Certificate (Umwelt- Zertifikat). 
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 VW [28] 

 
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 CO2, CO, SO2, NOx, NMVCO and CH4. 
 

 
Fig. 3.2.2.4-2: Life Cycle Inventories VW. 
 
 
Furthermore a Live Cycle Impact Assessment is made concerning Global Warming Potential 
(CO2 equivalents), Photochemical Ozone (Ethene-equivalents), Acidification (SO2 equivalents), 
Ozone Depletion (R11-equivalents) and Eutrophication (PO4- equivalents). 
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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 TÜV NORD. 
 
To provide interested parties with detailed information about the environmental performance of 
its vehicles and technologies, VW uses Environmental Commendations (so-called “Umwelt-
prädikat”). 
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 Volvo Cars’ Environmental Product Information [29] 

 
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: 
 

 
Fig. 3.2.2.4-4: Life Cycle Diagram Volvo. 
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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 CO2-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  
 
[Moreover there are some concepts based on governmental initiatives in order to provide the 
users with relevant information.] 
 
 
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) [19], 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. 
 

 
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 CO2-equivalent value.  The measured emissions include Carbon Dioxide (CO2), 
Methane (CH4), Nitrous Oxide (N20) and emissions related to the use of air conditioning.  The 
global warming score ranks each vehicle’s CO2-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 CO2-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 CO2-equivalent levels. 
 

Global Warming Score CO2-equivalent 
Grams per mile 

10 Less than 200 
9 200 – 239 
8 240 – 279 
7 280 – 319 
6 320 – 359 
5 360 – 399 
4 400 – 439 
3 440 – 479 
2 480 – 519 
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 + NOx 
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 (NOX) 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 [20] is an Australian Government Initiative and is based on tailpipe 
emissions.  Two categories are separately weighted: 
 
• Greenhouse Rating (weighting 50 per cent) 

The Greenhouse Rating rests upon the CO2 emission value 
• 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 CO2 Emissions. 
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Tab. 3.3.1.2-2: Stage 2 Air Pollution Ratings. 
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An overall star rating is generated by combining Air Pollution Score and Greenhouse 
Score: 

 
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″ [21, 22]: 
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: 

 
Fig. 3.3.1.3-1: Air Pollution Score. 
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• 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. 
 
• 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 CO2 emissions per gallon.  The overall GHG-scoring relates to 
the WTW emissions. 
 
A score from 0 to 10 reflects the amount of CO2, N2O 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 xxx. Category Life Cycle Assessment) 
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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 [25] 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 l fuel1/100 km 
- 9,7 m3 CNG/100 km 
- 37 kWh electric energy/100 km 

• vehicles with conventional fuels (including hybrids): 
 CO2- 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. 
 
 
[Remark: 
Even though more than the above mentioned action programmes are already known with regard 
to benefits for users of EFV (e.g. [xxx]) this part of available sources was not examined to a 
greater extent within this study until now.] 
 
 
3.3.1.5. JAPAN ? 
 
 
 
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. 
 
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. 
 

                                                 
1 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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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 CO2 
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″ [14, 15] 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. 
 

 
 
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 CO2-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 CO2 and limited pollutants. 
 
The rating of the CO2-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 CO2 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. 
 

 
Fig. 3.3.2.1-3: Rating of CO2 and vehicle classes. 
 
 
In contrast to the class depending CO2-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. 
 

 
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. 
 
 
3.3.2.2. VCD  
 
Based on an expert’s report of IFEU, VCD [16, 17] 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: 
 
• CO2-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) 
• human burden from pollutants (NOX, NO2, 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. 
 
 

 
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, NO2 and PM have different weighting factors (NOX: 25 per 
cent, NO2: 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. ÖKO-TREND INSTITUTE 
 
Öko-TREND institute [18] 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: 

• operation / use of vehicle (contributes with 50per cent to the overall rating) 
criteria are e.g.: fuel consumption, CO2-emission, pollutant emissions, noise emission 
 

• equipment of the car (contributes with 5per cent to the overall rating) 
criteria are e.g.: fuel consumption indicator, stop-start automatic device 
 

• logistics (contributes with 5per cent to the overall rating) 
criteria are e.g.: transport of new cars by ship or train 
 

• 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 

 
• 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 
 

• 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. 
 

 
 
Fig. 3.3.2.3-1: German Auto-Umwelt-Zertifikat, Öko-Trend approach. 
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3.3.2.4. J.D. POWER 
 
The J.D. Power Green Efficiency Rating (a 5-star-rating) [23]2 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) [24]1 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 CO2), fuel consumption (urban cold cycle) and noise. 
 
Furthermore there are top 10 lists for cars with the lowest/highest CO2 emissions and for cars 
with the lowest / highest fuel costs available. The result of each car is also displayed. 
 
 
 
 
 

                                                 
2  The sources [23] and [24] 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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4. ASPECTS FOR THE DEVELOPMENT OF AN EVALUATION CONCEPT (HO-

LISTIC APPROACH) 
 
 
4.1. EXPLANATORY INTRODUCTION 
 
- [Target groups] 
- [Purposes] 
- [EFV measures] 
- Chapter 3 showed a lot of options to define and evaluate vehicles.  However it needs to be 

assessed whether these approaches can be used for the development of a holistic evaluation 
concept. 

- 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 is used for every regulations, concepts and tools to de-
velop a basis for the final feasibility assessment. < at the moment as examples > 

 
 
4.2. CRITERIA 
 
4.2.1. POSSIBLE ENVIRONMENTAL ASPECTS COVERED 
 
- Air emissions: GHG, regulated pollutants; 
- Other pollutants: water (yes/no); 
- Other pollutants (e.g. waste streams): land (yes/no); 
- Use of: 

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

- Recyclability; 
- Toxics (health effects); 
- Noise; 
- EMC; 
- Effects on biodiversity and sustainability. 
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4.2.2. TOOL EVALUATION CRITERIA 
 
- Data (regional / worldwide): 

• Availability of data; 
• Quality of data;  
• Data is available to whom? Can data be ensured reliable of good quality at world/regional 

level? 
• Frequency of data updating; 

- System boundaries (to the point, solely): 
• Tailpipe; 
• Usage of vehicle; (incl. evap emissions etc.); <Boundaries - needs to be explained> 
• Production (vehicle, spare parts, fuel, other materials); <Bound.-needs to be explained> 
• Recycling; <Boundaries - needs to be explained> 
• Holistic (lifecycle & integrated approach); 

- Application: 
• For specific vehicles; 
• A generic vehicle application; <Application needs to be explained> 
• Vehicle model; <Application needs to be explained> 
• current vehicle technology; 
• 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; 

- Effort for application: 
• Time/cost; 
• Self declaration, independent 3rd party review; 
• User expertise; 
• Communication; 

- [Comparability (world-wide, approach, credible): 
• Data; 
• Results; 
• Environmental priorities in different world areas: 

The assessment of the described regulations/standards (section 3.1.) and existing con-
cepts (section 3.2.) will be based upon these criteria. Therefore an excel matrix will be 
prepared (Daimler) and completed by the companies as mentioned in sections 3.1. and 
3.2. above.]       <needs to explain> 
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4.3. SWOT ANALYSIS FOR REGULATIONS AND STANDARDS 
 
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. 
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Environmental aspects covered: no - partly - yes                            
Air emissions: GHG, regulated pollutants                           
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 substainability                   *       
      * method currently not suitable 
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regulations and standards, concepts and tools 
 

Data from chapter 4.2.2. 
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Data: low - partly - high                           
Availability of data regional                           
Quality of data regional                           
Frequency of data updating regional                           
Availability of data worldwide                           
Quality of data worldwide                           
Frequency of data updating worldwide                           
System boundaries (to the point, solely): 
no - partly - yes                           
Tailpipe                           
Usage of vehicle (incl. evap emission etc.)                           
Production (vehicle, spare parts, fuel, other materials)                           
Recycling                           
Holistic (lifecycle & integrated approach)                           
Application: not applied - applied - partly                           
For specific vehicles                           
A generic vehicle application                            
Vehicle model                           
current vehicle technology                           
future vehicle technology                           
other parts/systems (e.g. MAC´s, tyres, GSI, TPMS, ...)                           
interface: surface, infrastructure                           
Evaluation context: no - partly - yes                           
global environmentally impacts                           
local environmentally impacts                           
short term impacts                           
mid term impacts                           
long term impacts                           
Effort for application: very high (--) high (-) 
neutral (o) low (+) very low (++)                           
Time/cost         +   - --   -- - o   
Self declaration, independend 3rd party review          -   -- --   -- - o   
User expertise             o --   -- - ++   
Communication         +-   ++ --   -- - ++   
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4.4. SWOT ANALYSIS FOR EXISTING EVALUATION CONCEPTS 
 
OICA [34] 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 (life-cycle assessment, well-to-wheel analysis, CO2- regulation 
reference, environmental rankings, green vehicle certification) from the table in chapter 4.3. will 
be investigated and analysed by means of the SWOT methodology. 
 
At the moment the fundamental discussion about the target groups (governments, industry, con-
sumers) of the evaluation concept and the allocated purposes isn't finalized. But the conclusions 
of that discussion is needed as basis to perform the SWOT analysis. Therefore the following 
SWOT analysis, based on the results presented in chapter 4.3. should be understood as prelimi-
narily examples: 
 
1) Well to wheel approach: 
 
Strength In Europe accepted approach 
Weakness 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.  
Opportunity Other environmental aspects such as emissions can be integrated. 
 Streamlined Life-cycle Approach (only fuel chain is additionally considered). 
 Third party certification possible. 
Threat High additional expenditure for the inclusion of other environmental aspects. 
 
2) ECO Ranking by Consumer associations (e.g. Öko-Trend, VCD)  
 
Strength Easy to establish and third party verification 
 Top Ten results / Labeling  
 Methods with more than CO2 and emission standards 
Weakness 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. 
Opportunity WTW and other items can be included 
Threat Due to non-suitable and non-scientific method changing criteria and weight-

ings over time  confuse customer, moving development targets 
 
3) Consequences 
 
… 
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5. ASSESSMENT OF FEASIBILITY TO INTRODUCE AN EVALUATION CON-

CEPT UNDER THE FRAMEWORK OF WP.29 
 
For discussion following difficulties: 
 
- [Regional and temporal dependence on energy mix (i.e. sources of energy may change de-

pending on market and other conditions); 
 

- Regional dependence on environmental priorities; 
 

- No regionally-common testing and measurement methods for vehicle emissions, air quality, 
 

- etc;]    < to be moved into chapter 4? > 
 
[An EFV assessment tool will only provide a result that requires ‘interpretation’.  It does not 
decide if a certain vehicle is green or red.  Regional environmental need will dictate what is 
needed and what could be a green or red vehicle.] 
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