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Executive summary 

Current practice when analysing and modelling the impacts of legislative action, which imposes 

tougher requirements on the environmental or safety performance of road vehicles, is to assume that 

these more stringent requirements will lead to higher production costs and consequently, higher 

vehicle prices for consumers.  However, in practice it is difficult to find real-world evidence that such 

price increases have actually occurred, especially given that over the last two decades there has been 

a significant amount of new EU-level legislation focused on road vehicles.   

 

Given the above situation, there is growing evidence that the traditional approach to modelling market 

reactions to policy proposals (i.e. to assume price increases for road vehicles and then model 

reactions on that basis) might be seriously flawed.  In particular, it is possible that the ex-ante costs of 

compliance with legislation may be overestimated and there are doubts as to whether vehicle 

manufacturers actually pass on the extra costs of legislation to consumers.  For these reasons, the 

European Commission contracted AEA to carry out this study to investigate the effects of legislation 

on vehicle prices.  The specific objectives of the study were as follows: 

 

 Analysis of the historical evolution of new passenger car market prices in the EU27 with 

respect to environmental performance, safety standards and comfort levels 

 

 Understanding the development/composition of manufacturing costs, both of the vehicle itself 

and of the technical equipment on board the vehicle.  This included understanding how these 

costs have evolved over time 

 
 Estimating the effect of existing legislation (regulations and standards) on the real end-user 

prices and characteristics of new vehicles in the period up to the year 2010 

 
 Use the findings from this research to develop a quantitative method by which the impacts of 

vehicle regulations and standards can be translated into real-world price impacts. Such a 

method could potentially then be integrated into the design of The Commissionôs modelling 

tools in order to improve the accuracy and usefulness of modelled outputs. 

Meeting these objectives required a systematic and coordinated approach. The findings of three 

difference research approaches were triangulated to provide the necessary answers.  These 

approaches were as follows:    

1. A comprehensive review of the literature on the factors that influence passenger car prices; 

2. The development and use of a quantitative hedonic regression model (using commercially 

purchased data on historical vehicle prices and feature content) that implicitly capture changes 

in prices caused by changes in product characteristics and other influencing factors; and 

3. A brief consultation of key stakeholders to validate the findings and address any gaps from the 

literature review and quantitative model.  

 

A combination of quantitative and qualitative analysis was used to isolate the impacts of different 

vehicle attributes on price. The hedonic model served as the primary quantitative analytical tool for this 

study. The literature review was used to qualitatively support and augment the quantitative modelling 

process, and to test the assumptions and verify findings from the model. The study teamôs 

professional judgement was used to infer appropriate quantitative adjustment factors or the hedonic 

analysis from the literature review and interviews. The findings from the literature review and 

interviews were also used to address the limitations of the hedonic model in its ability to meet the 

objectives of this study.  
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The main findings from the study are as follows: 

 Growth in environmental, safety and product regulation has led a wide range of strategies and 

practices that are used by manufacturers to balance production costs and regulatory 

compliance.  The last fifteen to twenty years has seen a significant increase in regulation to 

reduce the environmental and health impacts of car emissions. Manufacturers have had to 

balance production costs while ensuring that they comply with environmental regulation and 

meet the high standards of quality and performance that the market demands. This has led to 

the growth of practices such as platform sharing and collaborative approaches to vehicle 

development and production, which have been key to cost reductions in the industry.  

Manufacturers have shifted production of vehicles away from Western Europe to Eastern 

Europe and Asia, in a bid not only to drive down costs through lower labour rates, but also to 

satisfy rapidly growing new markets. 

 Massive fragmentation on choice of models and variants makes it very difficult to link cost and 

profit margins.  The automotive sector has implemented a range of business strategies aimed 

at maintaining market share and profitability in an increasingly competitive and liberalised 

market.   

 Direct costs (manufacturing costs) are managed by approaches such as platform sharing, 

quality control systems and statistical process control techniques (e.g. six sigma). Compliance 

with safety and environmental regulations introduced since the late 1980s has forced car 

manufacturers to improve their designs by adopting a systems engineering approach. 

 Evidence from the dataset of historical vehicle prices and features does not provide any 

definite relationship between vehicle emissions standards and car prices. In general, only 

indicative correlations can be made between emission trends and car prices. Furthermore, the 

retail list prices for a range of specific vehicle models identified from the datasets and the 

technology adjusted price index developed from the regression analysis indicate that car 

prices have fallen more quickly since the announcement in 2007 of the EU Regulation on 

passenger car CO2 emissions.  Overall cars have become 12% to 22% cheaper ï after 

inflation ï in the eight years from late 2002 to late 2010. The average annual reduction in CO2 

emissions was 0.7% and 2.5% in 2002-2006 and 2002-2010 respectively.  

 The difficulty in isolating the impact of car attributes on prices stems from the complexity of 

vehicle production technology, pricing/marketing strategies and compliance with regulations.  

The introduction of complex engine, vehicle and exhaust after-treatment technologies in the 

last two decades (partly driven by legislation) that improve environmental performance as well 

as the introduction of new comfort and safety features and improvements in vehicle 

performance/engine power output have helped manufacturers absorb any additional costs. In 

addition, a highly complex and varied pricing strategy across brands and models has changed 

the time profile of when manufacturers make investments in new technologies and when they 

recoup the costs of these investments. 

 Whether the increased costs of complying with environmental and safety legislation lead to 

increases in prices depends on inter alia the extent to which these costs are offset by cost 

reductions resulting from economies of scale and improved productivity and whether prices 

any cost increases can be passed on to consumers. 

 The most important factors that influenced car prices and, including the extent to which these 

costs were passed through to consumers, were environmental standards, market conditions 

(e.g. tax levels for public and private users, consumersô purchasing power) and competition. 

 The outputs from the consultation with stakeholders indicated that generally, it was felt that 

environmental and safety legislation would always lead to increased production costs. Where 

such increased costs did not subsequently lead to increased prices, it was argued that this 
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was due to competition in the markets concerned. Reduced costs resulting from, for example, 

economies of scale or improved productivity (for the reasons identified in the literature review; 

see above), could offset the increased costs of regulation. 

 Where net cost increases could not be passed on to consumers, then the margins of 

manufacturers and/or their suppliers would be reduced. More generally, if environmental and 

safety legislation had not increased costs, car prices would be lower than current levels. 

 The extent to which increased costs can be passed on to consumers depends on competition 

and market conditions. Of the respondents that had a view on this, most agreed that the ability 

to pass on costs varied by brand and the type of vehicle being sold (as well as the market) 

and exposure to foreign brands.  

 Stakeholders provided mixed messages on the future impact of regulation and impact on 

costs.  Some felt that regulatory pressures would reduce costs, as cars would be smaller, 

while others felt that costs would subsequently increase, e.g. as hybridisation would be 

required more widely. 

 Some stakeholders suggested regulatory impacts assessments should be broadened in 

Europe to better reflect the impact on the industryôs competitiveness and other options for 

reducing transportôs CO2 emissions. 
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1 Objective and purpose 

1.1 Introduction 

The European Commission has contracted a team led by AEA to carry out a study on the effects of 

regulations and standards on vehicle prices.  The main purpose of this study was to help improve the 

way in which the impacts of vehicle environmental and safety legislation are modelled.  Current 

modelling and analytical approaches assume that legislative requirements on air pollutant emissions, 

energy performance / GHG emissions and safety inevitably lead to increased production costs, and 

therefore higher vehicle prices for consumers. Such assumptions have been used in much of the 

analysis carried out by or on behalf of the European Commission when assessing the impacts of 

proposed environmental and safety legislation for road vehicles. These assumptions have filtered 

through to a number of the Commissionôs transport sector modelling tools including the TREMOVE
1
 

model, which was the main tool used for analysing the impacts of recent legislative proposals (Impact 

Assessments for CO2 emissions from cars/vans, EURO 5/V and 6/VI limits). However, to date The 

Commission has found it difficult to find real-world evidence that increases in end-user prices have 

occurred following the introduction of such legislation. Nonetheless ex-ante analysis usually indicates 

significant cost increases associated with meeting new environmental and safety legislation. There 

could be a number of reasons why the impacts of new vehicle legislation do not manifest themselves 

in increases in vehicle prices. With these issues in mind, the main purpose of this study was to: 

 Analyse the historical evolution of new passenger car market prices in the EU-27 with respect 

to environmental performance, safety standards and comfort levels; 

 Understand the development of vehicle manufacturing costs, both of the vehicle itself and of 

the technical equipment on board the vehicle as well as the cost evolution over time; 

 Estimate, using a quantitative model, the effect of existing legislation (regulations and 

standards) on the real end-user prices and characteristics of new vehicles in the period up to 

the year 2010; 

 Investigate the reasons for why the impacts of new vehicle legislation do not manifest 

themselves in increases in vehicle prices and to quantify the actual impacts of existing 

legislation on real end-user vehicle prices; 

 Separate out other factors that influence the development of vehicle costs and prices over 

time. These other factors are likely to include the fitment of additional comfort features and 

changes in production processes and strategies; and 

 Use the findings from this research to develop a quantitative method by which the impacts of 

vehicle regulations and standards can be translated into real-world price impacts. Such a 

method could potentially then be integrated into the design of the Commissionôs modelling 

tools (such as TREMOVE) in order to improve the accuracy and usefulness of modelled 

outputs. 

1.2 Study method 

As recognised by the terms of reference to the study, there are a number of factors that have 

influenced production costs and end-user prices over the last 10-15 years. Some of these factors are 

                                                      
1
 http://www.tremove.org/  

http://www.tremove.org/
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not straightforward to quantify in terms of their effects on vehicle prices. In order to systematically 

understand and estimate the impacts of different vehicle attributes on vehicle prices and their 

relationship with environmental regulation, we used three different approaches in the study. 

1. A comprehensive review of the literature on the factors that influence passenger car prices; 

2. A quantitative regression model (based on commercially purchased data from JATO
2
) that 

implicitly capture changes in prices caused by changes in product characteristics and other 

influencing factors; and 

3. A brief consultation of key stakeholders to validate the findings and address any gaps from the 

literature review and quantitative model.  

The main conclusions and explanation of the study hypothesis are given in Chapter 7. 

Figure 1-1: Study method 

Conclusions, 
recommendations 

and study 
hypotheses

A. Literature review 
To understand the main 

factors that affect vehicle 
prices  and influence of 

environmental regulations

B. Hedonic regression 
model

Quantitative analysis of the 
relationship between prices 

and vehicle attributes

Assumptions, 
adjustments and 
interpretation of 

model parameters

Detailed dataset for 
vehicle prices and 

attributes

C. Stakeholder consultation
To address gaps from the 

literature review and 
regression model 

 

A combination of quantitative and qualitative analysis was used to isolate the impact of different 

vehicle attributes on price. The hedonic model served as the primary quantitative analytical tool for this 

study. The literature review was used to qualitatively support and augment the quantitative modelling 

process, and to test the assumptions and verify the findings from the model. The study teamôs 

professional judgement was used to infer appropriate quantitative adjustment factors for the hedonic 

analysis from the literature review and interviews. The findings from the literature review and 

interviews were also used to address the limitations of the hedonic model in its ability to meet the 

objectives of this study.  

This report is accompanied by another document containing detailed annexes on the study method, 

findings and datasets.  

                                                      
2
 http://www.jato.com/In/Pages/default.aspx 

http://www.jato.com/In/Pages/default.aspx
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1.2.1 Dataset for vehicle attributes 

Sufficiently detailed data on vehicle prices and attributes was not available in the public domain. For 

the purposes of this study, car prices and attributes were required for a wide range of car models in a 

number of EU Members States over a long time period (10-15 years). A specialist data provider, JATO 

Dynamics Ltd, was selected to provide a suitable dataset. The dataset covers list price and selected 

feature data for the top ten selling models in 2010 for six Member States, plus twenty other models 

that are representative of each particular nationôs vehicle choices in 2010
3
.  More details of the JATO 

dataset is given in Chapter 2 of the Annex document. The terms and conditions of accessing the data 

does not allow it to be reproduced in its original form.  

                                                      
3
 More details of the JATO dataset are provided in the supplementary Annexe document to this report.  
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2 Literature review and qualitative analysis 

2.1 Introduction 

There are a number of ways in which the automotive industry has responded to pressures to reduce 

costs over the past 20 years. These changes can be related not just to the effect of regulations and 

standards, but to wider competitive pressures, and it is often difficult to separate the two. The 1990s 

and 2000s were a period of significant change for the European motor industry. Over this period the 

industry became truly globalised. The creation of the Single European Market on 1 January 1993 

removed many trade restrictions, increasing competition and opening up new markets in Eastern 

Europe.
4
 

Most of the existing literature which assesses the impact of regulations on vehicle prices has focused 

on the major environmental and safety legislation implemented during the 1970s and 1980s. Back 

then the car industry was much simpler than it is today, with fewer options open to the consumer and 

manufacturers independently developing products. As shown below, the modern car industry is 

complex, with highly differentiated products, vehicle brands changing ownership on a relatively regular 

basis, and joint ventures and collaborative vehicle development being the norm. 

It is important to start by making a distinction between cost and price: 

 The price is what the end-user, the consumer, pays for the car, and 

 The cost is the expense incurred by the manufacturer to develop, produce, market and 

distribute the car.  

In order for a manufacturer to be profitable, the price must generally be greater than the production 

cost.  There is usually a distinction between ex-works cost and market price. Typically, on average ex-

works costs are 60% to 75% of market price. However, a manufacturer may choose to sell vehicles at 

prices that do not cover production costs for wider business strategy reasons (for example retaining a 

presence in the market, retaining market share, introducing expensive new technology). In their 

responses to proposed legislation, vehicle manufacturers often emphasise the cost implications of 

compliance rather than the price implications. Undoubtedly, implementing new technology in a car has 

cost implications, but the extent to which these costs filter through to car prices is not clear.  

Investigating this link is the main focus of this study. 

Task 1 consists of three main parts: 

 A review of safety and environmental legislation which has been implemented during the time 

period in question; 

 A discussion of other factors which could affect vehicle manufacturing costs and therefore 

have the potential to affect vehicle prices, based on a literature review; and In order to inform 

the scope of the literature review, a long list of the factors which could influence vehicle pricing 

was developed and grouped into six broad categories as given in Table 2-1. 

                                                      
4
 KPMG (2010), Brand and Ownership Concentration in the European Automotive Industry ï Possible scenarios for 2025 
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Table 2-1: Factors influencing vehicle prices 

Regulatory Factors Direct Safety Standards 

Direct Environmental Standards 

Block Exemption  

Indirect Safety Standards (e.g. Euro NCAP) 

Indirect Environmental Standards (e.g. Voluntary agreement) 

Business Strategy Factors Cost Pass through 

Spin off of supplier 

Financing offers 

Import share / trends 

Shared platforms / collaboration 

Relocation of production 

Purchasing strategies  

Manufacturer margin 

Dealer and distributor margin 

Cross Subsidising Across Brands / Across Divisions 

Direct Cost Factors Resource prices (raw materials, energy) 

Resource taxes 

Component costs 

Labour costs 

Exchange Rates 

Shipping Costs 

Indirect Cost Factors Research & Development 

Plant maintenance & depreciation 

Marketing 

Warranty 

Administration (including pensions & healthcare) 

Market Factors Market competition 

Market conditions and openness 

Consumer Factors Model choice 

Option choice 

Quality 

 

This section discusses the most important factors in terms of how they have affected the European 

new car market since 1990 and what influence they have over both vehicle manufacturing costs and 

end user prices. It includes a review of relevant academic literature, industry media reports and other 

data sources. The academic literature focuses on more readily quantifiable factors (for example 

comfort features, safety etc.), but does not tend to cover the more indirect or strategic elements of the 

car manufacturing industry. While industry media reports help to bridge some of these gaps, there is 

limited quantitative information on many aspects of the passenger car market.  
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2.2 Summary of vehicle environmental and safety 

legislation 

2.2.1 Environmental regulations 

This section discusses the major European environmental regulations that affect the car industry.  In 

keeping with the rest of this report, the period examined is between 1990 and 2010.  Over time, 

amendments are often made to regulations; the important amendments have been noted, but in the 

interest of brevity a full account has not been provided.  Other significant regulations which have fallen 

outside of this period are mentioned although they have not been considered in detail.  

The scope of vehicle environmental regulation spans several different aspects associated with human 

health, climate change and waste.  Figure 2-1 illustrates a timeline of the regulations which, for clarity, 

have been divided into the following categories (Table 2-2): 

Table 2-2: Categories of environmental regulations 

Background legislation Including: 

 Regulations introduced before 1980 

 Regulations which influence other environmental legislation, but 

which have not had a direct impact on the automotive industry.     

Euro standards  

(blue) 

The Euro standards are a series of regulations which limit the exhaust 

emissions of harmful air pollutants from vehicles.  They are numbered from 

Euro 1 to Euro 6, indicating progressively tighter limits that have been 

introduced since 1992.  

CO2 emissions  

(green) 

This covers: 

 Regulations to limit CO2 emissions from vehicles 

 Non-legislative events related to the overall strategy on CO2 

reduction, such as voluntary commitments in 1998 by 

manufacturers to reduce CO2 emissions  

 Related regulations which influence greenhouse gas emissions, 

such as tyre pressure monitoring and air conditioning 

Fuel directives 

(purple) 

The fuel directives include specifications on the quality of petrol and diesel 

sold within Member States, as well as measures relating to biofuels.  

These regulations impact the automotive industry because the fuel used in 

car engines affects their performance and design. 
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Figure 2-1: Major European environmental legislation that effect car manufacturers 

 
Note: Dates refer to date of the Directive/Regulation 

This section contains a discussion of the following: 

 Overview of each piece of significant legislation; 

 The date of effect, including any delays to implementation; 

 The technology changes needed to comply (expected and actual); 

 Ex-ante and ex-post cost estimates, where available; and 

 The general reaction of the motor industry. 

2.2.2 Background legislation 

The first attempts to control vehicle air pollutant emissions appeared in the US and Europe in the 

1970s; however progress in Europe tended to be slower. A major reason for this was because until the 

mid-1980s, vehicle emission standards were developed by the Economic Commission for Europe 

(ECE) and then adopted by individual countries. The requirement for unanimous agreement hampered 

the introduction of environmental regulations.  The Single European Act
5
 which entered into force in 

1987 replaced consensus with majority voting. This was an important step in establishing a common 

ground for vehicle emission regulation and allowing proposals to be accelerated through to legislation. 

Table 2-3 summarises the significant items of background legislation that underpinned subsequent 

regulations on vehicle emissions and fuel quality. 

                                                      
5
 OJ L 169 of 29.06.1987 
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Table 2-3: Background legislation 

Directive 70/220/EEC In 1970, The European Community issued its first directive (Directive 

70/220/EEC) which limited emissions of carbon monoxide and hydrocarbons 

from petrol engines.  All Member States adopted this directive from 1971.  

Directive 70/220/EEC also introduced the process of ñtype approvalò, which 

sets out the process by which a vehicle design is tested and approved against 

the requirements of the directive.  Type approval is required before a vehicle 

is permitted to be sold within the EU. Later amendments
6
 to Directive 

70/220/EEC have progressively strengthened the standards that have been 

set, and extended them to incorporate emissions of oxides of nitrogen (NOx) 

and emissions from diesel engines.  Although amended considerably since its 

introduction, Directive 70/220/EEC remains the basis for current European air 

pollutant emission laws. 

The Single European 

Act 

The Single European Act entered into force on 1 July 1987.  It allowed the rule 

of qualified majority voting to apply to the adoption of proposals, instead of 

unanimity. There were also changes relating specifically to environmental 

matters.  Article 100A(3) stated that ñthe Commission in its proposals... will 

take as a base a high level of protectionò.   

The Luxembourg 

Agreement  

Directive 88/76/EEC 

The Luxembourg Agreement illustrates how the Single European Act helped 

environmental legislation to be implemented at greater speed. The regulation 

set down limits for gaseous and particulate emissions from diesel vehicles.  It 

was approved in June 1985 but Denmark blocked the measure for two years.  

The agreement was only able to pass after the Single European Act came into 

force, at which point Denmark was overruled by the preferences of the 

majority.  Thus, the regulation was adopted in December 1987.  It was not, 

however, implemented in national legislation by any Member State, in 

anticipation of Euro 1 which consolidated exhaust emissions standards for 

passenger cars. 

Air Quality Framework 

Directive 

Directive 96/92/EC  

In recognition of the needed to protect the environment and human health, the 

EU introduced limits on the concentrations of harmful pollutants. The 

Framework describes how air quality should be assessed and managed within 

Member States, and lists the pollutants for which air quality standards would 

be developed. The air quality Framework Directive has been amended by 

several Daughter Directives - these are not examined in any further detail 

here, save to note that the impacts of air quality requirements on car 

manufacturers are reflected in the Euro standards for vehicles. This directive 

has been replaced by Directive 2008/50/EC. 

This section has briefly discussed important regulations that were introduced before 1980, as well as 

other significant regulations which have influenced the environmental regulation of vehicles.   

2.2.3 Euro standards 

Earlier regulations were primarily directed at protecting human health.  Thus, the exhaust 

emissions of harmful pollutants were limited though the Euro standards.  These standards 

tended to assume a specific technology would be introduced for compliance, and such 

                                                      
6
 Directive 70/220/EEC emissions from motor vehicles amended by 74/270/EEC, 77/102/EEC, 78/665/EEC, 83/351/EEC, 88/76/EEC, 88/436/EEC, 89/458/EEC, 

89/491/EEC, 91/441/EEC, 93/59/EEC, 94/12/EEC, 96/44/EEC and 96/69/EEC - "Auto-Oil" proposal COM(96) 0163 (COD) 



 Effects of regulations and standards on vehicle prices 

 

AEA in Confidence Ref: AEA/ED56221/Issue Number 4  17 

assumptions were included in the ex-ante impact assessments.  However, the technical 

solutions employed by car manufacturers often ended up being quite different. 

Road transport contributes to poor air quality through emissions of harmful pollutants which are linked 

to health problems such as respiratory and cardiovascular disease and environmental effects such as 

acid rain. The European emission standards limit the emissions of nitrogen oxides (NOx), 

hydrocarbons (HC), carbon monoxide (CO) and particulate matter (PM) for new cars sold in the EU.    

The standards have been introduced in progressively more stringent stages since 1992, known as the 

series Euro 1 ï Euro 6, which are summarised in Table 2-4. There is a differentiation between 

compression ignition engines (diesel) and spark ignition engines (petrol, natural gas, liquefied 

petroleum gas, etc.).  The standards first apply to new vehicles during type approval and then, 

typically one year later, are extended to the first registration of existing, previously type-approved cars. 

Table 2-4: Outline of exhaust emission limits for Euro 1 ï 6. 

Title Directive 

Date of effect: 

New type approval 

(All new cars) 

Engin

e type
a
 

CO 

g/km 

HC 

g/km 

HC + 

NOx 

g/km 

NOx 

g/km 

PM 

g/km 

Euro 1 

91/441/EEC 

93/59/EEC 

July 1992 

(December 1992) 

CI 
2.72 

(3.16)
 b
 

- 
0.97 

(1.13)
 b
 

- 
0.14 

(0.18) 

SI 
2.72 

(3.16)
 b
 

- 
0.97 

(1.13)
 b
 

- - 

Euro 2 

94/12/EC 

96/69/EC 

January 1996 

(January 1997) 

CI 1.0 - 0.7  0.08 

SI 2.2 - 0.5 - - 

Euro 3 

98/69/EC 

2002/80/EC 

January 2000 

(January 2001) 

CI 0.64 - 0.56 0.5 0.05 

SI 2.3 0.2 - 0.15 - 

Euro 4 2007/715/EC 
January 2005 

(January 2006) 

CI 0.5 - 0.3 0.25 0.025 

SI 1.0 0.1 - 0.08 - 

Euro 5 

Regulation 

 715/2007 

Regulation 

692/2008 

September 2009 

(January 2011) 

CI 0.5 - 0.23 0.08 0.005 

SI 1.0 0.1 - 0.06 0.005
 c
 

Euro 6 

Regulation 

 715/2007 

Regulation 

692/2008 

September 2014 

(September 2015) 

CI 0.5 - 0.17 0.08 0.005 

SI 1.0 0.1 - 0.06 0.005
 c
 

Notes: 
a 
CI = compression ignition; SI = spark ignition 

b
 refers to conformity of production limits i.e. when the vehicle is produced 

c
 applies only to vehicles with direct injection engines 
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The Euro standards tend to be resisted ï and in some cases, successfully delayed ï by car 

manufacturers.  A summary of the additional technologies required by each stage, and the reactions 

from industry, is given in Table 2-5.  A detailed comparison of ex-ante and ex-post costs is not the 

purpose of this study; it is instructive to examine them, where available, in order to gain an 

understanding of where the discrepancies arise. 

Table 2-5: The technical requirements of the Euro standards and reactions from industry 

Euro 1 Catalytic converters were required to meet the Euro 1 standards.  The 

manufacturers who supplied smaller cars ï namely British, French and Italian car 

manufacturers - were opposed to the regulations, fearing they would lose 

competitiveness.   The costs for introducing catalytic converters were lower for 

larger, more expensive cars as a percentage of the overall cost of production per 

car.  Indeed, manufacturers who occupied this segment and exported cars to the 

US and Japan had already fitted the technology
7
.  There was no Regulatory Impact 

Assessment providing ex-ante cost predictions for Euro 1 technology.  Industry 

estimates were reported to be £400-600 per vehicle, with an additional fuel 

consumption penalty
8
.   The same source reports that the manufacturer Johnson 

Matthey provided catalytic converters to the motor industry for £30-50 per unit.  It 

should be noted that this does not include integration and installation costs or 

replacement costs during the vehicle lifetime. 

Euro 2, 3 & 4 UK Regulatory Impact Assessments were conducted for Euro 2, 3 & 4.  The 

separate appraisals predicted production cost increases of £250-500 for Euro 2 

cars; £210-295 for Euro 3 cars and £210-590 for Euro 4 cars
9
.  According to a 

study for the UK Department of the Environment Food and Rural Affairs (Defra), 

there were no reliable ex-post estimates for these Euro standards. When the Euro 

4 standards were set in 1998, the car industry refused to deliver cost estimates 

because the standards were in their words, ñimpossible to reachò
10

.  The standards 

were believed to require expensive particulate filters to be fitted to diesel cars.   

However, advances in engine technology made it possible to use in-cylinder 

techniques and a diesel oxidation catalyst to meet the standards. 

Euro 5 Euro 5 standards have been designed to require closed particulate filters.   The 

Euro 5 Impact Assessment found that many petrol vehicles were already within the 

proposed limit values ï this was thought to be because of the more stringent 

requirements on petrol cars in other parts of the world. The additional cost incurred 

for diesel cars was estimated at ú377 by the EC
11

.   The estimate from ACEA, the 

European auto manufacturers association, was ú900
12

.  The group also suggested 

that there would be a counter-productive effect on reducing CO2 emissions, 

predicting an increase of 6%. Notably, the standards were originally intended to 

come into effect in mid-2008, but were delayed by a year to allow time for building 

and testing of new machines.   

                                                      
7
 Dietrich, W: Harmonization of automobile emission standards under international trade agreements, 1996  

8
 Harrington, W: The design of effective regulation of transport, International Transport Forum,2008 

9
 ED50232: Evaluation of the air quality strategy http://www.defra.gov.uk/environment/quality/air/airquality/publications/stratevaluation/documents/chapter2.pdf 

10
 Euro 5 and 6 standards position paper, Transport & Environment 2006  

11
 Impact Assessment on type approval of motor vehicles with respect to emissions and on access to vehicle repaid information, European Commission, 2005  

12
 Car emission regulation significantly impacts sales of diesel cars and negatively influences CO2 emission reductions, ACEA 2006  

http://www.defra.gov.uk/environment/quality/air/airquality/publications/stratevaluation/documents/chapter2.pdf
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Euro 6 Euro 6 standards will apply from 2014. At the time of adoption, it was expected that 

selective catalytic reduction would be needed for all new diesel cars; however 

advances in engine technology mean that this requirement is now unlikely to be 

universal. The additional cost from the Impact Assessment
13

 (2005 prices) was an 

additional ú213 over Euro 5 standards.  This was recognised as an upper estimate 

on costs.   

 

Vehicle emissions have been reduced by progressive improvements in engine technology.  All new 

petrol vehicles in Europe are now fitted with three-way catalysts, which can remove more than 75% of 

CO, HC and NOx emissions.  Before Euro 2 standards, most diesel cars used mechanical fuel injection 

systems. Today diesel engines have electronic fuel injection and oxidation catalysts.   

2.2.4 CO2 emissions 

From the mid 1990s, measures have increasingly targeted CO2 and greenhouse gas emissions 

in order to mitigate climate change.   The need to improve fuel efficiency while meeting the 

Euro standards has led to the search for new engine and after-treatment technologies such as 

the direct injection engine.  Such engines have up to 20% better fuel economy than 

conventional stoichiometric petrol engines. 

Road transport CO2 emissions account for around 20% of total EU27 CO2 emissions (or 17% if 

measured for all greenhouse gas emissions). 

In 1995, the European Commission announced a target of reducing CO2 emissions from new cars to 

120 g/km by 2005
14

.  Subsequent negotiations and implementations delayed this target until the year 

2012
15

.    

The strategy to reduce CO2 emissions was based on three pillars: 

1. Voluntary commitments by automobile manufacturers; 

2. Consumer information; and 

3. Promotion of fuel-efficient cars by fiscal measures. 

Events that directly relate to these pillars are summarised in Table 2-6. 

                                                      
13

 Impact Assessment for Euro 6 emission limits for light duty vehicles, European Commission 2006  
14

 COM (95)689 A Community strategy to reduce CO2 emissions from passenger cars and improve fuel economy 
15

 COM(2007) 19 Final.  Results of the review of the Community Strategy to reduce CO2 emissions from passenger cars and light commercial 
vehicles. 
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Table 2-6: Events relating to the European Strategy on reducing CO2 emissions from 

passenger cars 

Voluntary 

commitments 

In 1998 the European Automobile Manufacturers Association (ACEA) made 

a voluntary commitment to reduce average emissions from new cars sold in 

the European Union to 140g CO2/km by 2008; the Japan Automobile 

Manufacturers Association (JAMA) and the Korean Automobile 

Manufacturers Association (KAMA) made similar commitments in 1999
16

.  

ACEA represents over 80% of annual registrations in the EU; JAMA 

represents over 10% and KAMA less than 5%
17

. 

The Consumer 

Labelling Directive  

Directive 99/94/EC  

As part of the second pillar of the strategy on CO2 emissions, the consumer 

labelling directive was aimed at raising awareness among consumers.  It 

requires new cars to display a label showing its fuel consumption and CO2 

emissions.   Promotional material used in marketing new cars must also 

contain this data. The Directive is considered to be useful in raising 

awareness, but it is difficult to objectively assess its impact.  

Promotion of Fuel-

Efficient Cars by 

Fiscal Measures 

COM(2005)61 

In order to stimulate Member State action on integrating CO2 emissions into 

their vehicle taxation systems, The Commission published a proposal for a 

Directive on passenger car taxes. The proposal sought to increase the 

harmonization of circulation and registration taxes across Member States. 

The proposal proved to be controversial and lacked support in several 

Member States. As agreement on such taxation proposals requires 

unanimity among Member States, the proposal did not become EU law. 

Monitoring of CO2 

emissions 

Decision 1753/2000 

Decision No 1753/2000 established a scheme to monitor the average 

specific CO2 emissions from new passenger cars.  This would help to 

monitor the progress of CO2 reductions by providing an annual report on the 

effectiveness of the strategy.  

 

Average emissions fell from 186 gCO2/km in 1995 to 161 gCO2/km in 2004.  Based on these 

reductions, The Commission thought it unlikely that manufacturers would meet the 140 gCO2/km 

target set out in the Voluntary Agreement by 2008/2009.  In view of this, The Commission decided that 

the objective of 120 gCO2/km would not be met by 2012 without additional measures.  A new strategy 

to regulate new car CO2 emissions was therefore presented on 7 February 2007.    

ACEA warned that such a strategy could have wider effects on employment and economic growth.  

The German car industry ï the world leader in large, luxury cars ï pressured its government to 

demand weaker targets and a delayed target date.  Other luxury car makers, such as those in the UK, 

appealed for special protection.  Manufacturers of smaller, more fuel-efficient models objected to 

subsidising heavier high-performance models. 

In February 2007, The Commission adopted Communication COM(2007) 19 final outlining a new 

strategy to reduce CO2 emissions from new cars sold in the EU.  Regulation EC 443/2009 set a 

legislative framework to achieve the EU objective of 120 g/km (Regulation EC 443/2009), which 

replaced both the voluntary commitments and Decision 1753/2000.  The Regulation is summarised in 

Table 2-7.  It focuses on mandatory reductions in CO2 emissions to reach an average of 130 g/km on 

                                                      
16

 As recognised by Commission Recommendation 1999/125/EC 
17

 Europa Summaries of EU legislation: CO2 emissions from new passenger cars: monitoring, 2008  
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average for the new car fleet though improved vehicle motor technology.  A further reduction of 

10g/km or equivalent should be achieved by other technological improvements and by increased use 

of biofuels. The 2009 law nominally strives to reduce the average CO2 emissions from new cars to 

130g/km by 2015 (approx. 5.6 litres per 100 km for petrol cars and 5.0 litres per 100km for diesel 

cars). That is 18% below the average in 2007 and some 7% below the average of 2010. 

Table 2-7: The Regulation EC 443/2009 

Reduction in CO2 

emissions of new 

passenger cars 

Regulation EC 

443/2009  

This Regulation is the main element of the Strategy on CO2 emissions from 

vehicles.  Some important elements of the agreement are:  

 The fleet average to be achieved by all new cars registered in the EU 

is 130 gCO2/km. A limit value curve implies that heavier cars are 

allowed higher emissions than lighter cars while preserving the overall 

fleet average. Manufacturers will be given a target based on the 

sales-weighted average mass of their vehicles.   

 Phasing-in of requirements: in 2012 65% of each manufacturer's 

newly registered cars must comply on average with the limit value 

curve set by the legislation. This will rise to 75% in 2013, 80% in 

2014, and 100% from 2015 onwards.  

 Long-term target: a target of 95g CO2/km for the year 2020 has been 

set.  

 

Regulation 443/2009 has several mechanisms which allow manufacturers some flexibility in meeting 

the targets.  Emissions are averaged across their new car fleet rather than having to meet CO2 targets 

for each car, and manufacturers may pool their targets.  In recognition of the different challenges niche 

manufacturers face, and of their small impact on overall average emissions, derogations apply to 

small-volume manufacturers.  Eco-innovations are awarded a credit of up to 7g CO2/km to encourage 

manufacturers to invest in new technologies.  Such technologies include improve vehicle propulsion or 

lower energy consumption for mandatory devices.  Manufacturers can also gain ósuper creditsô for 

sales of electric vehicles, whereby car manufacturers will be allowed to offset every electric car sold 

against its average emissions quota. 

Regulation of CO2 emissions from transport is seen as an important part of the overall strategy to 

meeting long-term economy-wide greenhouse gas reduction targets.   As part of the strategy on CO2 

emissions from vehicles, several measures relating to specific aspects of a carôs systems have been 

implemented.  These changes require additional or modified equipment on cars where the specified 

standards are not met; this might be expected to incur some additional cost.    These are summarised 

in Table 2-8.  The increased use of biofuels was included as part of the strategy to reduce CO2 from 

cars, and is included in the summary of fuel directives below (Directive 2009/28/EC). 
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Table 2-8: Legislation related to the Strategy on CO2 emissions 

Emissions from air-

conditioning 

systems in motor 

vehicles 

Directive 2006/40/EC 

Directive 2006/40/EC bans air conditioning systems that use greenhouse 

gases with a global warming potential greater than 150, unless the rate of 

leakage is within permissible limits.  This measure applies to type-approval of 

all new vehicles from 21 June 2008, and to the sale of new vehicles from 21 

June 2009.  A total ban on air conditioning systems that use greenhouse 

gases with a global warming potential greater than 150 will come into effect 

for type-approval of all new vehicles from 1 January 2011, and the sale of new 

vehicles from 1 January 2017. 

Type-approval 

requirements for the 

general safety of 

motor vehicles, their 

trailers and systems, 

components and 

separate technical 

units 

Regulation 661/2009 

 Tyre-pressure monitoring systems (TPMS) and gear shift indicator 

lights are mandated by Regulation 661/2009. The TPMS alerts the driver 

when the tyre pressure falls by 20% from its normal warm running 

pressure.   

 Gear shift indicators advise the driver when to change up to the next 

gear to maximise fuel economy. The regulations for these technologies 

apply to type-approval of all new passenger cars from November 2012, 

and the sale of all new cars by November 2014.  

 Regulation 661/2009 also requires new car models to be equipped with 

low rolling resistance tyres. For type approval this is phased in between 

November 2013 and November 2017, and for prohibition of sale, between 

November 2014 and November 2018 for all new cars.   

Tyre Labelling 

Regulation 

1222/2009 

The fuel efficiency, wet grip and external rolling noise performance of tyres will 

be rated on a scale of A-G.  This Regulation is an extension of the consumer 

labelling directive. 

 

Further measures as part of the strategy were directed at taxation, and eco driving.  The effects of 

these measures are not considered in detail in this study as they focus on demand/behaviour and 

therefore do not have a direct influence on costs incurred by manufacturers. 

2.2.5 Fuel directives 

The fuel used in engines influences their performance and design.  High quality fuels had the 

following benefits for car manufacturers: 

 Allowed the release of direct injection engines; 

 Increased effectiveness of catalytic converters, oxidation catalysts, NOx absorber 

catalysts (NACs) and particulate traps; 

 Reduced emissions of conventional pollutants from the existing fleet of vehicles. 

The fuel directives relate to the quality of petrol and diesel fuels, where environmental specifications 

have been introduced in order to reduce pollutant emissions from cars. These regulations are relevant 

to car manufacturers because the type and quality of fuel used in car engines influences the engine 

and exhaust after-treatment performance and design. 
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The lead content of fuel was eliminated in 2000, and all fuels have been sulphur-free since 2009 

(sulphur content of less than 10ppm).  More recent directives mandate the increased use of biofuels, 

which are becoming an important part of the overall strategy to reduce greenhouse gas emissions 

from transport, although this approach has subsequently been replaced with requirements to increase 

the proportion of renewable fuels in transport and to reduce the carbon intensity of transport fuels.   An 

overview is provided in Table 2-9. 

Table 2-9: European fuel directives 

Lead content of 

petrol 

Directive 85/210/EEC 

The Directive was agreed in principle in December 1984, and formally 

adopted in March 1985.  Leaded petrol has been banned since 2000, due to 

its detrimental effects on health, particularly childrenôs.    

Sulphur content of 

fuels  

Directive 93/12/EEC  

The sulphur content of fuels was first regulated by Directive 93/12/EEC.  It 

accompanied the Euro 1 standards which were mandatory from 1993 for new 

cars.  The intent was to limit emissions of sulphur dioxide, which is a major 

contributor to acid rain. 

1998 Fuel Quality 

Directive  

Directive 98/70/EC  

The Directive on the sulphur content of fuels was updated and repealed by the 

1998 fuel quality standards.  These cover physical properties, such as the 

octane number for petrol, and cetane number and density for diesel.  Such 

properties need to be within certain limits for internal combustion engines to 

function efficiently.   Also included are fuel properties which are directly linked 

to levels of emissions, such as hydrocarbons, sulphur and lead. The 

mandatory limit for sulphur was set at 50 ppm for petrol and diesel from 2005, 

and all fuels were made sulphur-free (<10 ppm) from 2009.
18

   

Biofuels Directive  

Directive 2003/30/EC 

 

The Biofuels Directive (2003/30/EC) set ñmoral commitmentsò for Member 

States to ensure that, as of the end of 2005, the minimum share of biofuels 

sold on their markets is 2%, rising to 5.75% by the end of 2010.  A progress 

report in 2007 found that biofuels were only 1% of the market and that the EU 

would miss the 2010 target.
19

  The report highlighted that legal obligations, 

rather than voluntary commitments, might be needed to spur progress. This 

Directive will be replaced by Directive 2009/28 from 1 January 2012.    

Renewable Energy 

Directive  

Directive 2009/28/EC 

Subsequently, the EU committed to a binding target to ensure that 10% of the 

energy content of transport fuels (excluding aviation fuels) would be sourced 

from renewable sources by 2020 as part of a broader Directive on Renewable 

Energy (2009/28/EC).   

2009 Fuel Quality 

Directive 

Directive 2009/30/EC 

This Directive sets environmental requirements for petrol and diesel fuel in 

order to reduce their air pollutant emissions. Under this Directive, Member 

States have been required to implement mandatory full conversion to sulphur-

free fuels (<10mg/kg) from 1 January 2009. The Directive legislates the 

greenhouse gas intensity of transport fuels, introduced a new petrol grade 

with up to 10% ethanol by volume, and a requirement for suppliers to ensure 

diesel has a fatty acid methyl ester content of at least 7% by volume.  

 

                                                      
18

 Amending Directive 2003/17/EC 
19

 COM(2006)0845 Report on the progress made in the use of biofuels and other renewable fuels in the Member States of the European Union, European Commission 
2006 
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The introduction of unleaded petrol was initially resisted by manufacturers. However, the introduction 

of the other fuel quality regulations has generally been supported.   The development of high quality 

fuels allowed the introduction of direct injection engines and also reduced emissions of conventional 

pollutants from the existing fleet of vehicles.  The German government explicitly linked the introduction 

of unleaded petrol to the adoption of the three-way catalytic converter. 

Reduced fuel sulphur content was of particular importance to the car industry because the presence of 

sulphur can reduce the effectiveness of catalytic converters, oxidation catalysts, NOx absorber 

catalysts (NACs) and particulate traps. However sulphur-free (<10ppm) petrol improves the fuel 

economy of future gasoline direct injection cars by 1-5%, compared to similar vehicles using fuel 

containing a maximum of 50 pap sulphur.
20

  The importance of low sulphur fuels for cleaner engine 

design was reflected in the development of Directive 98/70 and the Euro 3 Directive 98/69 (see Table 

2-4), as these two pieces of legislation were developed together. 

Engines, fuel and exhaust systems must be designed and specified to suit use of biofuels, otherwise 

problems may arise. Biofuels can have substantially different characteristics to standard mineral fuels 

with regard to volatility, viscosity and stability over time. For biodiesel, the characteristics can also vary 

depending on the feedstock and processes used to produce the biofuel, making it particularly difficult 

for manufacturers to ensure that durability sign-off testing captures all potential issues. For example 

biodiesel use can increase fuel dilution of the engine lubricating oil, particularly on vehicles using post-

injection diesel particulate filter regeneration strategies. ACEA supported measures to increase 

biofuels and promised that, by 2010, all new car models would be capable of running on petrol 

containing up to 10% ethanol and diesel containing up to 7% Fatty Acid Methyl Esters.
21

    

2.2.6 Noise regulations 

There are two Directives related to type-approval procedures for motor vehicles, with respect to noise 

emissions.  Firstly, Directive 70/157/EEC and its amendments introduce limits on sound levels of road 

vehicles, and specify procedures for measuring sound levels of exhaust systems and silencers.  There 

have been three significant decreases of noise emission limits (from 82 to 80dB in 1997, to 77dB in 

1984 and to 74dB in 1992).  The current limit of 74dB for both petrol and diesel engines has now been 

in place for around 19 years. 

The type-approval Directive was amended by 2001/43/EEC to limit tyre rolling noise emissions based 

on their category and width. The impact of tyre noise regulations on tyre manufacturers has been 

minimal; a 2006 study into proposals to amend Directive 2001/43/EC concluded that almost all 

passenger car tyres that have been in service since the regulations were introduced produce noise 

levels that are significantly below the limit values
22

.   

Noise regulations have not greatly affected vehicle manufacturers during the period under assessment 

and so the focus of this work is on other environmental and safety legislation. 

2.2.7  Safety regulations 

Major improvements in vehicle safety have been achieved in the past decade. Some 

manufacturers place safety as a high priority and use it as a means of differentiation, proof of 

technology leadership and branding  It appears that while regulations provide for a minimum 

safety standard, the majority of car manufacturers have been motivated to go beyond these 

requirements by consumer information programmes.   
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Road safety has long been an area of concern.  A wide variety of vehicle safety ratings have been 

developed since the 1970s, which have evolved largely independently of each other.  Many of the 

original safety-related Directives are now close to 40 years old.
23

  Advances in vehicle design have led 

to considerable reductions in road traffic causalities.  However, in 2009, over 35,000 people died on 

the roads of Europe, and 1.5 million people were injured.  The cost to society was estimated to be in 

the region of 130 billion Euros in 2009.
24

 

Predictive systems are those that measure safety performance before a car is sold, and the ratings 

are made available as soon as a new car model is launched.  They are based on controlled crash 

tests of whole models and individual components.  These types of safety tests will be the main focus 

of this section as they have greater potential for influencing decisions when purchasing a new car as 

compared to retrospective systems.
25

 Retrospective systems are those which are based on the 

performance of cars in real collisions using accident data and/or insurance injury claim data.  They 

provide guidance for buyers of used cars; however the information only becomes available late in a 

car modelôs production run.  Since they are less applicable to new cars, retrospective safety ratings 

will not be examined in detail here although a notable example of the incorporation of retrospective 

systems was seen when Mercedes incorporated stability control systems to the Mercedes A Class and 

Smart Car in response to the Swedish rollover tests. 

Figure 2-2 shows a timeline of the significant events related to car safety, which have been divided 

into the following categories (Table 2-10): 

Table 2-10: Categories of European safety regulations 

Background 

legislation 

Regulations introduced before 1980 

Occupant protection 

(highlighted in 

orange in Figure 2) 

These regulations aim to improve the protection of occupants of motor 

vehicles.   

Pedestrian 

protection 

(highlighted in 

purple in Figure 

2) 

Regulations which aim to reduce the injury caused to pedestrians and other 

vulnerable road users in the event of a collision. 

Euro NCAP 

(highlighted in blue 

in Figure 2) 

The main non-regulatory development in Europe is the European New Car 

Assessment Programme (Euro NCAP), which provides consumer information 

on the crashworthiness of new cars. 
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Figure 2-2: Timeline of European Safety Regulations 

 

2.2.8  Background legislation 

The majority of safety regulations were introduced before 1980; therefore a detailed analysis has not 

been included in this section.  In Europe, two parallel type approval schemes have existed for over 20 

years: 

EC Motor Vehicle 

Type Approval 

Directive 70/156/EEC 

The EC approval of cars is based around the type approval framework.  The 

original system under framework directive (Directive 70/156/EEC) has 

changed from one designed to allow free trade of vehicle components 

between Member States, to a system based on mandatory whole-vehicle type 

approval (WVTA). WVTA specify a range of aspects that must be approved to 

separate technical Directives. The Directive has been updated over the years 

so that there are now around 50 base Directives and over 100 amending 

Directives.  The requirements have been consolidated in the new type 

approval Directive (661/2009/EC) which is discussed in the section on 

occupant protection. 

UNECE Type 

Approval 

ñThe 1958 

Agreementò 

The United Nations Economic Commission for Europe (UNECE) produces 

equivalent standards to the EC type approval process.  These test vehicle 

systems and separate components, but not whole vehicles.   
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1998 Global 

Agreement 

The Global Agreement seeks to promote international harmonisation through 

the development of Global Technical Regulations.  It is open to countries that 

are not part of the 1958 Agreement 

 

Many cars sold in Europe are also sold in other countries which have different regulatory 

requirements.  The UNECE framework was originally created for the UNECE region, but opened to all 

countries in 1995 with Japan joining in 1998, Australia in 2000, South Africa in 2001 and New Zealand 

in 2002.   Most (but not all) European Directives were based on UNECE Regulations.  Where vehicle 

manufacturers have had the choice of meeting either a European Directive or a UNECE Regulation, 

they have shown an increasing tendency to choose the latter, since this allows them access to 

markets outside the EU.
26

   

Crash test standards have developed in different ways around the world because of the difference in 

the fleet composition.  For example in Europe, the focus has been on developing test procedures 

which improve compatibility in car-to-car impacts while in the US and Canada, research has focussed 

on collisions between cars and light trucks or vans.  In the US the National Highway Traffic Safety 

Administration (NHTSA) is responsible for motor vehicle safety standards.  The US has not joined the 

UNECE agreement and does not recognise UNECE approvals.   

2.2.9 Occupant protection 

Impact performance regulations aim to improve the protection of occupants of motor vehicles.  Car-to-

car collisions are the most common crash type in Europe with frontal impacts being the most common 

in fatal and serious crashes, and side impacts being the second most common type.
27

 Table 2-11 

below summarises the impact performance regulations currently in place in the EU. 

Table 2-11: Impact performance regulations 

Side Impact 

Directive 1996/27/EC 

Protection of occupants against lateral collision. The Directive applied to new 

car types and new car registrations from October 1998.  A car that represents 

the worst case for the particular model is tested using an adult sized (male) 

dummy.   

Frontal Impact 

Directive 96/79/EC 

Protection of occupants in head-on collisions.  Under the 1958 agreement, 

UNECE Regulation 94 provides the same requirements. The Directive applied 

to new car types from October 1998, and all new cars from October 2003.  A 

car that represents the worst case for the particular model is tested using an 

adult sized (male) dummy.   

Road Safety 

Vehicles Regulation 

Directive 

2009/661/EC 

The new regulation simplifies the previous type approval framework by 

consolidating 50 separate Directives.  The remaining 10 separate Directives 

are those relating to environmental issues (emissions, sound levels, 

recyclability) and pedestrian protection (see below). It mandates the fitment of 

electronic stability control (ESC) systems to passenger cars with effect from 

November 2011 for new types and November 2014 for all new cars.  
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Since the mid-1990s there have been significant improvements in the protection systems available to 

occupants of cars.  The frontal and side impact Directives have led to rapid developments in car 

occupant protection in Europe
28

 but the Directives do not specify a particular technology to meet the 

requirements.   

The greatest source of injury for occupants is from contact with the interior of the car: The priority in 

improving frontal impact test performance has been to strengthen the car structure so that intrusion is 

limited in a collision.  Additional measures include frontal airbags, seatbelt pre-tensioners and load 

limiters.  In side impacts, contact with the interior of the car is difficult to prevent so improvements rely 

on devices such as side airbags, side impact bars, and padding.
29

    

The new type approval directive (Regulation EC 661/2009) mandates the fitment of electronic stability 

control (ESC) in all new vehicles types from 2011.  ESC is an extension of antilock brake technology, 

which has speed sensors and independent braking for each wheel.  It improves the safety of a vehicle 

by detecting and minimising skids. The increased cost per vehicle has been estimated (Baum et al, 

2007) to be ú130-250, reducing to ú76 assuming the vehicle was already fitted with antilock braking 

systems (as almost all cars sold in Europe cars are).
30,31

   

The system was developed by European manufacturers and has been on the market since 1995.  A 

fitment rating is published by Euro NCAP which highlights the difference in uptake between 

manufacturers.  It shows that some manufacturers fit ESC to all their models (BMW, Jaguar, Jeep, 

Lexus, Mercedes, Smart, and Volvo) while others choose to supply it as an optional extra
32

. Since 

2009, Euro NCAP has incorporated ñsafety assistò measures into their assessments; in order to gain 

five stars, electronic stability control is an essential fitment.  

The car manufacturing industry distinguishes between passive and active safety technologies, with 

legislation and Euro NCAP mostly applying to passive systems (body design). Active safety systems 

(e.g. driver sensing systems to tell if the driver has been drinking or is falling asleep) continue to grow 

in importance and in the future will be linked to infrastructure management and collision avoidance 

radars. 

2.2.10 Pedestrian protection 

Earlier safety regulations focussed on reducing the severity of injury to car occupants during a 

collision; pedestrian protection measures aim to reduce injury to pedestrians and other vulnerable 

road users. 

A draft legislative proposal for a Directive on safer car fronts for pedestrians was prepared in 1992.
33

  

After a negative benefit to cost study published by ACEA, the discussions ended that year.
34

  A further 

three draft legislative proposals were produced in 1996, 2000 and 2001, as well as numerous positive 

benefit to cost studies.  At each stage, the legislation was delayed by pressure from industry.  In 2001, 

the Council accepted voluntary agreements from the car industry (See Table 2-12). 

The original directive on pedestrian protection (Directive 2003/102/EC) introduced pedestrian 

protection requirements in two stages.  Both stages used the same test procedure, but the injury limits 

for Stage 2 were more stringent. The technical specifications were finalised after many years of 

reviews, discussion and cost/benefit analysis. Despite this, manufacturers claimed that it was not 

possible to reach the Stage 2 limits.  In light of this, the Directive specified that a feasibility study of the 
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Stage 2 limits would be conducted using data from testing of the Stage 1 requirements.  The review 

was completed in 2007 and the injury limits were relaxed.  In order to offset these changes, the 

European Commission mandated the installation of Brake Assist systems.  Brake Assist systems 

automatically apply maximum braking power when the driver makes an emergency stop.  They are not 

fitted to vehicles as discrete systems since most of the hardware is shared with the antilock braking 

system.  These changes were incorporated into the frontal protection systems directive (Directive 

2005/66/EC). 

Table 2-12: Developments relating to pedestrian protection 

Voluntary 

agreements on safer 

car fronts 

2001 & 2002 

European, Japanese and Korean Automobile Manufacturers Associations 

(ACEA, JAMA and KAMA) committed themselves to a voluntary agreement to 

improve pedestrian protection. The agreement was criticised for implementing 

weaker test methods that offered a lower level of protection than those 

proposed by the EU.
35

   

Pedestrian 

Protection 

Directive 

2003/102/EC 

The Directive sets the safety requirements to reduce injury to vulnerable road 

users if they are hit by the front of a motor vehicle.  It applies mainly to the 

bonnet and bumper.  The Stage 1 requirements were required to be met by all 

new vehicle types from October 2005, and for all new vehicles from December 

2012.  EuroNCAP now uses a percentage score on pedestrian protection to 

make their rankings. To get 5* the car has to achieve 60% or better on 

pedestrian protection. 

Frontal protection 

systems 

Directive 2005/66/EC 

This Directive introduces revised Stage 2 limits for pedestrian protection and 

mandates Brake Assist systems.  New passenger cars undergoing the type 

approval process must be fitted with Brake Assist systems and comply with 

Stage 1 limits from November 2009 ï the Stage 2 limits must be met by 

February 2013. In the case of new registrations, passenger cars must be fitted 

with Brake Assist systems by February 2011, meet Stage 1 requirements by 

December 2012 and meet Stage 2 requirements by February 2018.
36

 

 

The costs of the amended passive safety requirements have been estimated in the Impact 

Assessment to be between ú27 per vehicle (small family car) and ú95 per vehicle (sports car).
37

  

Additional items such as pop-up bonnets and front spoilers could increase the costs to ú397.  The 

Phase 2 requirements and Brake Assist were not included in these figures.  However, since Brake 

Assist systems are generally incorporated as part of the antilock braking system, the installation cost 

is considered to be small. 

Car manufacturers have adopted different approaches to pedestrian safety.  BMW states that it 

prefers to avoid collisions by using ñdynamic stability controlò to improve brakes and handling.  Renault 

did not adopt safer designs until the European directives were certain.  Evidence from the Euro NCAP 

tests suggests that some manufacturers prefer to focus on adult occupant safety as the NCAP ratings 

achieved for this area tend to be higher.  In contrast, Honda demonstrated a pedestrian-friendly car 

front in 1996.  Additionally, Honda released a version of its Civic model in 2001 which incorporated an 
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easily deformable bumper to absorb shock on impact with pedestrians.  Peugeot, Jaguar and Citroen 

pursued similar strategies using a bonnet raised by airbags.
38

 

2.2.11 Euro NCAP 

The distinction between legislation and consumer pressure is made clear by the influence of 

EuroNCAP in raising the safety standards of new cars.   Some manufacturers have set 

themselves a target of scoring five-star ratings for every model across their range.  Most 

vehicles now gain a maximum 5-star rating on EuroNCAP crash tests.   

Safety regulations stipulate a minimum level of safety.  However, consumer test programmes can 

motivate safety standards above that required by legislation. Such programmes grade performance as 

opposed to assigning a simple pass/fail outcome. The main consumer test programme in Europe is 

the European New Car Assessment Programme (Euro NCAP), which assesses the majority of popular 

European cars.   

Consumer information based on crash tests started in Europe in the late 1980s.  In 1982 the UK 

Consumersô Association and Vehicle Safety Consultants developed a safety rating system for cars.  

An adapted version has been used by the Dutch Consumersô Group since 1989, and the French 

Consumersô Group since 1992.
39

  This later became the basis for The European Secondary Safety 

Rating System for Cars. 

Table 2-13: Euro NCAP developments 

Euro NCAP 

established 

1997  

The programme consists of whole vehicle crash tests on new car models.  

Established in 1997, it is now backed by the European Commission as well as 

motoring and consumer organisations in every Member State.  Star ratings 

are assigned to the performance in each safety aspect, on a scale of 1-5 (with 

the exception of pedestrian collision tests, which are rated from 1-4 stars).  In 

addition to the star ratings, colour-coded dummy injury diagrams are provided 

to show how specific areas of the body performed in the impact tests.   

 

The crash tests mainly report on passive safety measures, and compares vehicles in the same 

class.
40

 Results are made available to the public on the Euro NCAP website, press releases and 

consumer magazines. The Euro NCAP procedure has grown over time to cover more safety aspects. 

In 2001, an assessment of seatbelt reminder systems was added; in 2003 a child protection rating was 

introduced based on restraints for an eighteen-month old and a three-year old child; in 2008 a rear 

impact (whiplash) protection assessment was incorporated and in 2009 the tests included safety assist 

measures such as electronic stability control.   

In 1997, carmakers said ñthe assessment criteria are so severe, no car will ever be able to achieve 

four stars in Adult Occupant Protectionò.
41

 That year, the Volvo S40 achieved four stars. On the other 

hand, Rover was effectively forced to withdraw the Rover 100 from production due to its poor 

performance in the tests.   

A study by the European Transport Safety Council
 
suggests that car manufacturers monitor test 

results closely and seek to improve poor performing models.
42

  It examined the change in safety 
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performance of nine cars that have undertaken repeated Euro NCAP tests.  Most of these improved 

their ratings from the first to the second test, with an average improvement in impact rating from 2.6 

stars to 3.7 stars.    

Zachariadis (2008) used the Euro NCAP test results to investigate whether improving car safety led to 

increases in weight and fuel consumption.  The results suggested that enhanced safety does not 

significantly affect either.  Although in the 1970s and early 1980s, there was a trade-off between 

making lighter, more fuel efficient cars and safety, this correlation seems to have disappeared.  The 

author attributes the change in relationship to the increased use of high-strength steel, which improves 

safety without adding weight. 

The European Commission, in its Communication on Road Safety (2000), credited the Euro NCAP 

with accelerating passive safety design by six years and saving an estimated 2,000 lives each year. 

An overall rating from 1-5 stars was introduced in 2009 to encourage manufacturers to focus on the 

overall safety of a vehicle, rather than concentrating on achieving good scores in adult occupant 

protection.  A key point of difference to note is that the Euro NCAP tests the most popular model 

variant, whereas for regulatory purposes, the worst case is tested. 

2.3 Regulatory factors 

This section discusses the various effects of the legislations described in Section 2.2 on new vehicle 

prices. 

Key points: 

 Early regulations involved step changes in vehicle performance which directly led to 

increases in car prices, as they required the manufacturers to incorporate new 

technologies such as catalytic converters.  

 More recent legislation has involved a progressive tightening of existing standards 

which are not linked to specific technologies, therefore the cost implications are less 

clear 

 Manufacturers may prefer to pay penalties for violating environmental legislation, 

where this option is available.  For example, the level of penalty imposed by US 

emission standards (CAFE) is low enough to be absorbed by the market. 

 Examples from the US show that manufacturers have met emission standards through 

a combination of shifting sales towards smaller, less polluting vehicles (through 

relative price reductions) and by changing the design of models on offer. 

 Manufacturers tend to spend more on R&D and tooling prior to new regulations taking 

effect 

 Even if additional costs arise due to reductions in emissions, it has increasingly been 

achieved by benefits in other areas, such as acceleration, top speed and decreased 

fuelling costs 

 A review of the impacts of the 2002 changes to Block Exemption concluded that 

competition in the industry had significantly increased but that this was primarily due 

to external factors. 
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2.3.1 Environmental and safety regulation 

The academic literature tends to focus on the environmental and fuel economy regulations introduced 

during the late 1970s in the US. These regulations involved a step change in vehicle fuel economy 

and pollutant emissions and in order to comply with these regulations, manufacturers had to 

incorporate significant, and costly, new technologies. In more recent years these technologies have 

become standard on all new vehicles and European legislation has focused on progressively 

tightening existing standards (for example the Euro standards). 

In the US, the Corporate Average Fuel Economy (CAFE) regulations have set limits on the fleet 

average fuel economy for new cars since the late 70s.  Over the last two decades these standards 

have not changed for passenger cars and have seen relatively modest increases for light trucks. Over 

the coming decade, significant increases are expected as shown in Figure 2-3: 

Figure 2-3: Historical and prospective changes of CAFE standards and average fuel economy records of 

US passenger cars and light trucks 

 

Source: Shiau et al (2009)
 
 

The Corporate Average Fuel Efficiency standards have been met by US manufacturers using a 

combination of reducing the price of less polluting vehicles (to increase their market share) 

and by producing more efficient vehicles.  

A study by Shiau et al (2009) concludes that:  

ñ[car manufacturing] firms ignore CAFE when the standard is low, treat CAFE as a vehicle 

design constraint for moderate standards, and violate CAFE when the standard is high. Thus, 

increasing CAFE standards will eventually have no further impact on vehicle design if the 

penalty for violation is also not increased... Results indicate that equilibrium vehicle design is 

not bound by current CAFE standards, and vehicle design decisions are directly determined 

by market competition and consumer preferences... [and] that firmsô design responses are 
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more sensitive to variation in fuel prices than to CAFE standards, within the examined 

ranges.ò 

Therefore if penalties are to be imposed then they need to be set at a sufficiently high level in order to 

be effective. The problem with the CAFE standards has tended to be that the level of penalty for high 

consumption vehicles has been set too low relative to the price of the vehicle, and easily absorbed by 

the market. In turn, this suggests that much of the market is relatively insensitive to price, at least in 

terms of the size of price movements that this legislation incurred. 

Falvey (1986) studied the effects of US CAFE standards on new car prices between 1978 and 1980 

and found that there were two main options open to manufacturers. The first option was to maintain 

the same product line up and adjust the pricing so that they sold a higher proportion of the smaller, 

more fuel efficient models in order to bring the sales-weighted average fuel consumption of the fleet 

down. The second was to maintain the existing pricing strategy and adjust the model line-up. These 

two options could also have been used in combination. The author noted that one of the main issues 

to address in this analysis would be to establish the additionally which could be attributed to the 

standard, and its impact on vehicle price, over and above the normal product development process. 

Falvey concluded that three US car manufacturers adopted a strategy of adjusting relative prices in 

order to meet the standards between 1978 and 1980. However by the end of that period it appeared 

that the standards were being partly met by manufacturers starting to produce more efficient vehicles 

and partly by shifts in demand towards smaller models. 

Estimating the impact of CAFE standards in terms of the additional cost of emission control 

technologies suggests a significant cost to vehicle manufacturers 

Wang et al (1993) adopted a part-pricing approach to estimating the impact on manufacturer costs 

and vehicle prices which relies on manufacturerôs suggested retail prices of the major components 

necessary for achieving emissions reductions. They sourced manufacturer-suggested retail prices of 

emission control components and then discounted them using the profit and cost mark-ups of dealers 

and manufacturers to arrive at manufacturer costs. These costs were then converted into 

manufacturer costs for initial parts and estimated the cost of engine modifications.   

The authors acknowledge that there are weaknesses in this methodology. For example it relies on 

subjective assumptions made by individual manufacturers in accounting for a range of cost 

components in order to determine the price of parts and differences in accounting methodologies will 

necessarily result in differences in the estimated costs. Furthermore it assumes that the function of a 

vehicle part is independent from that of another, when in fact a systems design approach to vehicle 

manufacture is the norm. Finally it also assumes a competitive vehicle parts market which the authors 

considered to be broadly correct at that time, but not universal. 

The study concludes that the cost to vehicle manufacturers for emission control of vehicles sold in 

California in 1990 ranged from $220 per vehicle to $1,460 per vehicle, depending on the size of the 

vehicle and the manufacturer, with a sales weighted average cost of $445 per vehicle. This translated 

into a cost to consumers ranging from $370 to $2,430 with an average of $748. However learning and 

scale production benefits were not taken into account in this study so this headline cost may not be 

passed on in the first cohort of new cars, but amortised over the lifetime of vehicle production. 

One reason this additional cost may not have been passed through to consumers is that they tend to 

be highly sensitive to increases in upfront cost, whereas benefits from improved fuel economy are not 

as influential.  Goldberg (1998) studied the effects of the US CAFE standards, considering whether 

consumers in the US respond more to changes in vehicle costs than to fuel costs. The study found 

that the average fuel cost elasticity was 0.5 (i.e. a 2% increase in fuel costs would result in a 1% 
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decrease in demand) while average vehicle price elasticity is 3 indicating that increases in vehicle 

prices will have a larger effect on vehicle choice than a proportional increase in fuel costs. However 

the authors point out that the absolute changes in cost associated with an increase in vehicle price is 

much greater than the same proportional increase in fuel costs, and when this is taken into account by 

discounting the vehicle cost over a period of ownership. The elasticities are broadly similar and 

ñhence, changes in operating costs can, from an environmental perspective, be as effective as 

changes in vehicle prices.ò In practice, consumers do not necessarily behave purely rationally and 

tend to prefer to pay a lower purchase price even when the true lifetime costs (even over a period of a 

few years) are high due to low fuel efficiency. 

The result of this is that in the absence of CAFE regulation, manufacturers would be likely to set 

increased prices for small, efficient vehicles and decreased prices for larger vehicles, which would 

reduce fleet average efficiency but would increase vehicle sales. As such, ñCAFE seems to function as 

a set of internal taxes (on fuel inefficient) and subsidies (on fuel efficient vehicles) within each firm.ò 

Emission control technologies can lead to increased vehicle performance in other areas.  

Hence, even if reduced emissions are achieved at additional cost, the quality of the vehicle 

may be significantly improved 

A study by Chen and Sperling (2004) analysed the car manufacturersô response to emission 

regulations in the US in the late 1970s and early 1980s, with a view to identifying lessons that might 

be applicable to future legislation. The study investigated two periods of regulation: the introduction of 

oxidising catalysts to meet 1975 standards and the introduction of three-way catalysts to meet 

standards phased in between 1979 and 1981. 

For each standard the authors attempted to answer a selection of questions including whether 

increased costs pushed manufacturers to change the volume and line-up of vehicles on offer; how 

they reflected the costs of these technologies in vehicle prices in both the short and long term; to what 

extent manufacturers were able to raise prices to cover cost increases; and how manufacturers 

overcame consumer resistance to the price increases. 

Chen and Sperling (2004) note that the manufacturers tend to make the larger expenditures on R&D 

and tooling prior to the new regulations taking effect, citing Ford and GM exceeding their average R&D 

expenditure of 3% of revenues in the years ahead of regulation.  However they emphasise that ñR&D 

expenditures cannot be solely attributed to emissions controlsò as fuel economy standards were also 

introduced in the late 1970s in response to the oil crisis.  

Chen and Sperling (2004) add that: 

ñIn addition to the difficulties of accounting for all costs, further complexities arise as vehicles 

are designed as integrated systems and a single vehicle part may serve multiple functions. 

Thus, accurately apportioning the costs of emissions control systems to only actual emissions 

control can be difficult...Technologies such as electronic controls and fuel injection significantly 

increase vehicle quality while simultaneously contributing to emissions reductions.ò 

A paper by Sprei et. al (2008) also found that technology developments to reduce fuel consumption 

and emissions are offset by diverting technology gains into non-fuel saving vehicle features ï óóservice 

attributesò. Changes between 1975 and 2002 were mapped through statistical analysis and modelling 

of a combination of sales statistics and vehicle attributes. About 35% of the effects of enhanced 

technology and design resulted in a net reduction in fuel consumption. The remaining 65% served to 

meet consumer demands for such things as increased passenger space and improved acceleration. 

Hence, even if additional costs arise due to reductions in emissions, it has increasingly been achieved 

by benefits in other areas, such as acceleration, top speed and decreased fuelling costs.   
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The industry trend has been towards increased vehicle power per litre of engine capacity 

Figure 2-4 illustrates the increases in vehicle power per litre of engine capacity for each of the vehicle 

categories.  It can be seen that there have been sizeable increases, with petrol lower medium vehicles 

increasing from 57 to 85 CV/litre, equating to an increase of 51% over the 15 years. Diesel vehicles 

have improved their average power/engine capacity by more than the petrol counterparts due to the 

increasing standardisation of turbochargers.  This can be seen in the below diesel chart, where the 

average power/engine capacity has increased by between 53 to 96%.  This has meant that the diesel 

vehicles are now approaching petrol in their average power/engine capacity ratio.  For example the 

luxury category has an average power/engine capacity of 87CV/litre for both diesel and petrol fuelled 

vehicles.   

This increase in power/engine capacity is a benefit to consumers as they have an increase in power 

without having the traditional increase in vehicle weight due to a larger cylinder block. 

Figure 2-4:  Power/Engine Capacity (CV/litre) for both diesel and petrol vehicles. Here petrol is illustrated 

on the left, and diesel on the right. 

  

Source: JATO dataset 

These benefits can be sold to consumers as they are willing to pay for it.  This increase in 

power/engine capacity leads to an increase in the power to weight ratio of the vehicle, which leads to 

an increase acceleration.   

Figure 2-5 illustrates this increase for the average petrol and diesel vehicles within the dataset, here it 

can be seen that the average petrol vehicle has increased its power/weight ratio by 19%, and diesels 

by 31%. 

 

Figure 2-6 assumes the same ratios of power and weight to fuel consumption but keeping the 

power/weight ratio at 1995 levels. The red line assumes the same relationship between with power 

/weight ratio as the grey line but compared to a constant 1995 value. We find that fuel consumption in 

2010 given a static power/weight ratio is between 65-70% of what it was in 1995 (red line) compared 

to 68% to 82% if power/weight ratio was not static (grey line).  
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Figure 2-7 illustrates this case with lower medium and supermini vehicles, where the average vehicle 

power has increased by around 40% while the average fuel consumption has decreased by around 

20%.   

Figure 2-5 - Change in Power/Weight Ratio (CV/kg) over time 
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Source: JATO Dataset 
 

Figure 2-6 - Comparison of Normalised values of Average Vehicle weight (kg), Max power (CV), 

and Combined Fuel Consumption (l/100km) for period of 1995-2010 (fuel consumption 

measured from 1997) 
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Note: Values have been normalised with the first year of the sample having the value of 1.  This is achieved by 
dividing all the values by the first year, which is 1995, (or 1997 for fuel consumption).  All other vehicle categories 
illustrate a similar relationship, and can be found in the Annex 1.2. 
Source: JATO dataset 

 

Figure 2-6 assumes the same ratios of power and weight to fuel consumption but keeping the 

power/weight ratio at 1995 levels. The red line assumes the same relationship between with power 

/weight ratio as the grey line but compared to a constant 1995 value. We find that fuel consumption in 

2010 given a static power/weight ratio is between 65-70% of what it was in 1995 (red line) compared 

to 68% to 82% if power/weight ratio was not static (grey line).  

Figure 2-7 - Comparison of Normalised values of Average Max power/Average Weight Ratio, 

Combined Fuel Consumption (l/100km), and fuel consumption given a static power/weight 

ratio. 
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Note: Values have been normalised with the first year of the sample having the value of 1.  This is achieved by 
dividing all the values by the first year, which is 1995, (or 1997 for fuel consumption). For the purpose of this 
analysis, the value of the fuel consumption for 1995 and 1996 is assumed to be the same as 1997. 
 All other vehicle categories illustrate a similar relationship, and can be found in the Annex Section 1.2. 
Source: JATO dataset 
 

The literature finds that the cost of compliance with emission regulations (to the 

manufacturers) tends to exceed the change in vehicle prices, suggesting that manufacturers 

either absorb the costs or employ other strategies to reduce vehicle costs. 

Chen and Sperling (2004) found notable increases in vehicle prices correlating with new emissions 

regulations, but they note that the picture varies depending on whether a sales-weighted average or 

an unweighted average is used. The sales-weighted average is more representative of the consumer 

response, while the unweighted average reflects the response of the manufacturer. The analysis 

showed that ñthe change in compliance cost [to the manufacturer] exceeded the change in vehicle 

price for four yearsò.  However for an unweighted average of prices, ñthe change in cost exceeded the 

change in price for only two yearsò. The authors propose that the reason for this could be that: 

ñAlthough the change in prices for vehicles offered by automakers increased, consumers 

heavily favoured the less expensive models which lowered the weighted average. The fact 

that vehicle prices decreased during periods when emission control costs were estimated to 

have increased suggests that manufacturers were either absorbing the costs of compliance or 

reducing the cost of vehicles using other strategies. Whether these costs were fully passed on 

to consumers in the remaining years depends on what other changes were made to the 

vehicles for competitive purposes.ò 

Evidence from the JATO dataset does not provide any definite relationship between Euro standards 

and car prices (see Figure 2-8, Figure 2-9 and Figure 2-10 below). The price trends show slight peaks 

around Euro 3 for the selected vehicle sizes. However, this could be due a multitude of factors and the 

figures below do not provide a definitive answer. It is difficult to visually deduce if there has been an 

increase in prices as a result of the environmental standards.  While there are circumstances where 

the introduction of standards does coincide with an increase in vehicle prices, such as Euro 4 

introduction on 4x4 vehicles, there are situations where prices decrease during Euro 4 introduction, 

such as in luxury cars.  Hence it is not possible to give a strong analysis  

The introduction of Euro 3 in 2000 is the only circumstance where there is an increase in average 

vehicle prices for all vehicle categories except for 4x4.  However at time is the introduction of the 

single European currency, the EURO, so it is difficult to state whether this price increase (in Euro 

terms) is a result of the environmental standard, or due to currency changes.  
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Figure 2-8: Evolution in the average price of cars in the super-mini category (Class B) across six member 

states (in EUR 2005) with environmental legislation overlaid. 

 

Source: JATO dataset 

 

Figure 2-9: Evolution in the average price of cars in the lower medium category (Class C) across six 

member states (in EUR 2005) with environmental legislation overlaid. 

 
Source: JATO dataset 
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Figure 2-10: Evolution in the average price of cars in the upper medium category (Class D) across six 

member states (in EUR 2005) with environmental legislation overlaid 

 
Source: JATO dataset 

 
In Europe, Couton et al (1996) modelled the environmental and safety aspects of cars, assessing the 

impacts of catalytic converters and airbags on vehicle prices in France. The authors modelled the 

market using technical characteristics including engine type, engine power, environmental 

characteristics, reliability and market segment. The author found that the environmental and safety 

characteristics were ñhighly significantò with the presence of an airbag increasing the hedonic price ñby 

6% on average and the catalytic converter by 8%ò, with the latterôs hedonic price increasing 

significantly over the period.  

The EuroNCAP safety ratings have provided significant incentives to manufacturers to 

increase safety features in a ñrace to the topò. 

Over the past decade, it could be argued that safety regulations have imposed no additional cost on 

the vehicle manufacturers as vehicles are engineered to achieve a high Euro NCAP score, which 

demands significantly higher standards than those defined in the legislation. Evidence from the JATO 

data shows that the level of safety features have increased at a fast rate while prices have remained 

relatively constant.  Figure 2-11 and Figure 2-12 below illustrate this (with safety features being 

measured as a fraction of the total options within the dataset, these are: side impact bars, 

driver/passenger airbag, side airbag, ABS, electronic braking system, stability control).  In 1995 both 

petrol and diesel superminis had only around 40% of the listed safety options installed, whereas by 

2010 they were averaging over 90%.  This represents a significant improvement on vehicle safety over 

the period, while petrol and diesel superminis averaged an inflation adjusted price of 6% and 15% 

respectively. 
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Figure 2-11: Correlation between normalised price (2005 EUR) and level of safety features over time for 

diesel cars.   Normalised price is on the left-hand axis and safety features on the right-hand axis. 

  
Note: Comparison for all other size categories is available in Annex Section 1.2  
Source: JATO dataset 
 

Figure 2-12: Correlation between normalised price (2005 EUR) and level of safety features over time 

  
Note: Comparison for all other size categories is available in Annex Section 1.2  
Source: JATO dataset 

 
As expected, the smallest (and cheapest) categories have the lowest levels of safety features installed 

and are the last to integrate these features.  The luxury and executive segments are the first to install 

these features and by 2002 have all the listed safety features within the JATO dataset installed as 

standard.  This is illustrated in Annex Section 1.2. These high end segments continue to increase their 

safety levels with supplementary airbags such as knee, side and rear curtain airbags. Other safety 

packages installed on premium vehicles are pre-crash systems, which can automatically tighten 

seatbelts, apply the brakes, and adjust the seating position and headrest in anticipation of a crash.   

However these attributes are not included within this dataset. 

It is also worth noting that while the focus of this study is on the European Union, other markets such 

as North America and Japan have had environmental and safety legislation in place over this time 

period. Hence in reality costs can often be amortised across markets larger than the European Union 

and this tends to reinforce the benefits of scale and geographic reach for individual vehicle 

manufacturers. 
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2.3.2 Block Exemption 

Although competition in the industry had significantly increased, a review of the impacts of 

Block Exemption found that the causes were mainly external factors 

Block Exemption dates back to 1985 when European Original Equipment Manufacturers (OEMs) of 

vehicles were given a ten year partial exemption from the rules for competition which were drawn up 

within the treaty establishing the European Community. This allowed vehicle manufacturers to 

selectively and exclusively control their distribution systems (dealers). Two main reasons were given 

for this: 

1. The new car market was subject to fierce competition and specific franchise regulation was 

felt necessary to avoid a ócut-throatô level of competition. 

2. Cars require regular maintenance and repair and it was felt this could best be done by an 

exclusive dealer network to ensure high standards. 

In return for this, OEMs committed to move towards EU-wide price harmonisation.
43

 

It has been suggested that the original 1985 agreement gave OEMs too much power.
44

 By 1995 it was 

also found that there had been little progress towards price harmonisation, with price differentials for 

similar vehicles as high as 40% in some markets
.45

 As a result when Block Exemption was renewed in 

1995, substantial changes were made. These gave more power to dealers, allowing them to engage in 

different types of selling (e.g. leasing), allowing sale of non-OEM parts provided they were of 

equivalent quality, and allowing dealers to sell different makes of vehicle (provided it was through 

separate premises and management). It also introduced rules that gave independent garages access 

to the technical knowledge and tools needed to repair modern vehicles.
46

  

However, in 2000 the European Commission published a report reviewing the changes made in the 

1995 Block Exemption which concluded it had failed to achieve some of its aims, with buyers still 

finding it difficult to purchase vehicles from another member state, independent dealers being denied 

access to technical information, and the dealers only becoming commercially independent to a limited 

extent.
47

 

In 2002, EC regulation No. 1400/2002
48

 updating the details of the Block Exemption was introduced 

which again attempted to increase competition. This strengthened the ability of dealers to reach 

customers in different areas or countries, making cross-border sales easier. It allowed them to sell 

more than one brand of vehicle (multi-franchising) and clarified rules regarding sales via the internet. It 

also allowed vehicle owners to have their vehicles serviced and repaired by independent garages 

without affecting the warranty. 

A review of the impacts of the 2002 changes published by the EC in 2008 concluded that competition 

in the industry had significantly increased but that this was primarily due to external factors. It reported 

that ñvigorous and increasing inter-brand competition has translated into falling real prices against a 

background of increased market integration at EU levelò.
49

 It concluded that those provisions of the 

2002 Block Exemption Review which diverged from general European legislation regarding 

competition appeared to be redundant and that ña more flexible regime... would have ensured an 
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equivalent level of protection of competition in the market, while entailing lower compliance costs for 

companies and a more efficient enforcement system for competition authorities.ò 

In June 2010 a new automotive Block Exemption came into force. This essentially marked a move 

away from sector specific legislation to application of the general competition rules which are applied 

to all other sectors of the economy. This was felt to be all that was required to ensure competition in 

the sale of new vehicles. However for the after-market, it was felt that there was still a need for some 

sector specific Block Exemption requirements to ensure sufficient competition.  

Gaulier (2000) found that both producers and retailers of cars benefited at that time from the 

exemption regulation, with the distribution system playing ñan important role in maintaining price 

differentials in the EU.ò 

2.4 Business strategy factors 

Key points: 

 Platform sharing and ócommonisationô of parts have been key strategies for 

manufacturers to reduce costs, meet consumer demand for a greater variety of vehicles 

and enabled flexible manufacturing plants 

 Sharing of powertrains has also enabled manufacturers to keep costs down 

 Manufacturers are now focusing on reducing the numbers of different platforms they 

use 

 Manufacturers generally aim to have vehicle production facilities close to markets 

 Western European market saturation and strong growth in Eastern Europe and Asia 

have driven a shift in production location 

 Labour costs and the high costs of converting old facilities to more flexible 

manufacturing have also contributed to shifts in locations 

 Both Ford and General Motors attempted to save costs by óspinning offô parts of their 
business as separate component suppliers, but with limited success 

Manufacturers have endeavoured to drive costs down to gain competitive advantage and continue to 

remain profitable. In their paper, Car firmsô strategies and practices in Europe, Michel Freyssenet and 

Yannick Lung identify six sources of profit: 

 Economies of scale; 

 Diverse offerings; 

 Guarantee of quality; 

 Innovation; 

 Productive flexibility; and 

 Permanent cost reduction. 
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They state that no car companies currently employ all six of these strategies, but that in Europe the 

strategies of different manufacturers can be categorised into one of the following four:  

 Volume and diversity;  

 Quality;  

 Innovation and flexibility; and  

 Permanent cost reduction.  

In this section we review some of the key business practice changes which have taken place in the car 

industry over the past two decades. 

2.4.1 Platform sharing and architectures  

Manufacturers have reduced costs by re-using the same parts, sub-systems and vehicle 

platforms across different model ranges. 

For those manufacturers following a profit strategy based on high volumes and a diversity of different 

models, a key part of cost reduction in the last 20 years has been a concerted effort to reduce the 

number of parts they have to conceive, design, develop and manufacture. Instead they have aimed to 

re-use the same parts, sub-systems and ultimately entire vehicle platforms. As they have acquired 

other brands they have aimed to share parts across brands. 

Over the longer term, the possibility of achieving this has been enhanced by a general convergence 

on common vehicle architectures. The majority of passenger cars are front-wheel drive and use 

transverse-mounted engine architectures. This has been applied across small, medium and many 

larger vehicles and has enabled manufacturers to share engines, gearboxes and drivetrain 

components between different models.  

Within this common architecture, manufacturers have then aimed to reduce the number of different 

parts used. They have done this primarily by using identical parts, sub-systems and entire vehicle 

platforms across different model ranges. Some manufacturers have also followed a strategy of 

ensuring that any given model is as close as possible to being identical in all world markets. 

This has helped to reduce costs in several ways: 

 Reducing design and development costs ï rather than designing and developing bespoke parts 

for every model variant certain parts and technology can be retained from one generation of model 

to the next, called as ócarryoverô. 

 Reducing manufacturing costs through economies of scale: higher volumes result in lower piece 

prices; reduced numbers of supplier contracts result in greater bargaining power. 

 Reducing manufacturing costs through reduced complexity. 

 Reducing engine management system calibration development costs ï when common engines 

and exhaust after-treatment systems are used between different vehicles, then the task of engine 

management calibration to meet emissions regulations can be reduced. 

Minimising the number of different parts also allows manufacturers to reduce durability testing costs. 

The counter point to this is that if a part or system does require an in-service recall then it can 

simultaneously affect many different model lines and become extremely costly. In 2010, the high 
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profile brake recalls affecting Toyota models involved 12 different models in the US
50

 and a further 

eight in the UK
51

 and were reported to involve nine million vehicles.
52

 In early 2011 a further problem 

with fuel pipes affected various Avensis and Lexus models bringing Toyotaôs total recalls to 12 million 

vehicles over 18 months.
53

 

Convergence of global consumer preferences is enabling manufacturers to harmonise vehicles 

in different world markets 

Manufacturers have continuously struggled to achieve commonality across all world markets, not just 

due to varying legislation but also customer preferences. In the 1980s, Ford attempted to produce a 

true world car with the introduction of the Escort Mk.3.  However it was reported that when production 

started, the versions sold in America and Europe shared only two common parts.
54

 Over forty years 

and nine model generations, the Toyota Corolla has become the best-selling car of all time
55

 and it is 

often described as a world car. What is ostensibly the same model is sold in more than 140 countries 

and regions.
56

 It is built in 16 different countries,
57

 yet the 2009 version is described as being the first 

time that it has been designed with all world markets in mind rather than being created for Japan and 

subsequently adapted for Europe and North America.
58

 

According to Lewis Booth, Executive Vice President and Chief Financial Officer at Ford Motor 

Company, different tastes in different markets made it very difficult to sell an identical vehicle across 

the world. However he states ñcustomersô tastes are now convergingò.
59

 Despite these difficulties, 

manufacturers have made significant reductions in the number of different parts they use. For a multi-

national manufacturer such as Ford, even a policy to use a limited number of fasteners can have 

substantial benefits. 

Shared platforms are used to produce different models within a brand, or across different 

brands through joint ventures 

As well as harmonising an individual model across the globe, a major focus has been the use of 

shared platforms. According to Freyssenet and Lung, General Motors invented platform sharing during 

the inter-war years, producing models for different brands from a common platform
60

. It has been 

common practice ever since, but in the last twenty years there has been a focus on reducing the 

numbers of platforms used.  

In 1998 the Economist reported that PSA group would make increasing numbers of models from each 

platform. The platform would comprise ñthe subframe, engine, transmission, and the wheel, axle and 

suspension assembly, as well as other equipment such as air conditioning and seat framesò which it 

estimated would amount to 60% of the vehicleôs production cost in the future.
61

 In 1999 Ford was 

reported to be reducing its worldwide platforms from 32 to 16 while simultaneously increasing the 

number of model derivatives offered.
62

 In the same year, Volkswagen was reported to be reducing 

from sixteen to four platforms,
63

 and Fiat to just three.
64

 

There are two main ways in which manufacturers use platforms. In the first, an individual manufacturer 

uses one platform to produce a number of different models either of the same brand, or across 
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different brands within the same manufacturing group. In the second completely separate 

manufacturers agree to a joint venture using a common platform.  

Almost all vehicle manufacturers use this approach to produce several distinctly different vehicles from 

a common platform. For example, the Ford Puma was a sports coupé derived from the Fiesta platform 

in the same way that the Opel/Vauxhall Tigra was derived from the Corsa. Small vans are often 

rebodied versions of cars, for example the original Citroen Berlingo was based on the Citroen 

ZX/Peugeot 306 Estate and the Opel/Vauxhall Combo van is based on the Corsa. The practice is a 

common way to create variants within a specific size segment, but it is also possible to achieve across 

different segment sizes. 

The concept of shared platforms has generally been more sophisticated than the óbadge engineeringô 

approach in which almost identical vehicles were sold under different brands. However the badge 

engineering approach is still in use to a certain extent, particularly for smaller vehicles where it is often 

hardest to make a profit and where individual brands are part of a larger manufacturing group. The 

1996 Mazda 121 shared a common production line with the Ford Fiesta Mk4, launched in 1995. They 

were the same vehicle with very little difference other than badges. At the time Ford owned a 

controlling share in Mazda. 

More commonly while the platform itself is the same, the body styling is distinctly different.  In a joint 

venture between Volvo and Mitsubishi, the 1994 Volvo S40 and the Mitsubishi Carisma shared the 

same underpinnings while not sharing visual similarities. The S40 was also offered with the Mitsubishi 

1.8L gasoline direct injection (GDI) engine.  

The strategy has been used for mid-size vehicles too. The Volkswagen Group have been particularly 

successful using this approach. It owns Skoda, Audi and Seat and used the Golf Mk 4 platform to 

produce cars as varied as the Skoda Octavia, Seat Toledo, the new VW Beetle and the Audi TT. Dr. 

Bernd Pischetsrieder, Chairman of Volkswagen from 2002-2006 was reported to have felt that 

platform sharing had been taken too far, with sales of cheaper Skoda models eroding those of the Golf 

using the same platform. Volkswagen has since moved to a more modular and flexible approach to 

their platforms.
65

 This allows greater individuality to be introduced to vehicles, but also enables the 

manufacturer to produce vehicles in different class size segments from a common platform. 

The platform with the greatest production volumes currently is the Toyota MC platform at almost three 

million units. It is used for the Corolla, the RAV4, the Prius and the Lexus HS250h. However the 

Renault-Nissan X85 platform is expected to be used to produce almost four million units in 2016, 

being used for the Nissan Micra, Renault Clio and 36 other models.
66

 The Volkswagen MQB platform 

is expected to be used for nearly all of their front wheel drive vehicles in the future, from the Polo to 

the Golf and Passat
67

. It is expected to be used for Audi, Seat and Skoda vehicles too and is predicted 

to be the second highest volume platform in the world in 2016 at almost 4 million units. Volkswagen 

group has also used the platform approach for their larger sport utility vehicle, the Touareg. It shares 

its entire chassis with the Porsche Cayenne and Audi Q7. All three are built at the Volkswagen factory 

in Bratislava. 

Sometimes platform sharing extends across completely separate brands through a joint venture 

agreement. The original Ford Galaxy was a joint venture with Volkswagen with the sister models being 

the VW Sharan and the Seat Alhambra. In current production a joint venture between Toyota, Peugeot 

and Citroen has resulted in the Aygo, 107 and C1 which have only relatively small styling and interior 

differences to distinguish between them. A less obvious example is the current production Fiat 500 
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which, in a joint venture with Ford, shares its platform with the second generation Ka. The platform is 

also used for the second generation Fiat Panda and the 2011 version of the Lancia Ypsilon. 

A downside of platform sharing is the potential for products to become homogenised with little 

distinction between them. However by focusing on differentiating the areas visible to customers such 

as the body and interior styling and the ótouch pointsô with which customers interact (for example 

handles, interior trim, seating, steering wheel) many consumers are unaware of the sharing of parts 

between models. The fact that fewer customers service their own vehicles has also reduced 

awareness of part sharing.  

Manufacturers are increasingly choosing to share costs by working in partnership 

There are examples of manufacturers providing each other with models to complete their ranges in 

different markets. For example Nissan and Mitsubishi have an agreement under which Nissan will 

make a small van which will go on sale in Japan as a Mitsubishi. Meanwhile Mitsubishi will 

manufacture a sports utility vehicle which Nissan will sell in the Middle East.
68

 

A further development which has enabled manufacturers to significantly reduce cost is sharing of 

powertrains (engines, gearboxes etc.). Powertrains have a longer lifecycle than vehicles themselves 

and require investment in dedicated tooling for manufacture. Research and development of a 

completely new family of engines is an expensive and time consuming process, particularly with the 

increasingly complex technologies required to reduce emissions and improve fuel economy. As a 

result manufacturers who have acquired a number of different brands will use the same engines 

across a wide variety of vehicles.  

For example the Volkswagen 1.9 TDI engine was first introduced in 1994 and marked their first 

introduction of direct injection diesel technology (although turbo-charged direct injection technology 

had previously appeared in 1989 in the Audi 100 R5 2.5 TDI). Within VW the 1.9TDI was used in the 

Polo, Golf (Mk3 & 4), Vento, Jetta, Bora, Beetle, Passat, Sharan, and Caddy. It was also used for the 

Audi 80, A3, A4, and A6, the Seat Ibiza, Cordoba, Leon, Toledo, and Alhambra, the Ford Galaxy and 

the Skoda Octavia. It was then upgraded with the introduction of the Pumpe-Düse injection system to 

meet ñthe stringent demands for improved performance and cleaner emissionsò
69

 and used in an even 

wider range of vehicles, still being available in 2010, sixteen years later. 

However manufacturers have also increasingly chosen to share costs by developing new engines in 

partnership. Ford and Peugeot have an agreement whereby smaller diesel engines used in Ford 

vehicles have primarily been developed by Peugeot.  Nissan and Renault have increasingly shared 

engines with Renault leading diesel development and Nissan leading gasoline engines. In 2009 it was 

reported that this arrangement together with increased platform sharing and cooperation in developing 

electric cars would generate 180 billion yen (US$1 billion) in cash flow.
70

 

2.4.2 Reducing production costs through relocation 

Manufacturing is increasingly relocating away from Western Europe, due to lower costs and 

strong market growth in other areas 

Over the last twenty years several factors have combined to reduce the volume of vehicle 

manufacturing required in Western Europe and encourage a shift to Eastern Europe and Asia: 

1. Western European markets reaching saturation; 
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2. Strong market growth in Eastern Europe and Asia; 

3. Increasing cost pressures forcing manufacturing to be located in areas with lower labour 

costs; and 

4. Requirements for plants to be more flexible in building different models according to demand. 

In an article in 2010, Barclays Capital state that automotive sales in the US and Europe peaked in 

1999-2000 and stayed roughly stable to 2007, whereas emerging markets have shown steady growth. 

They comment that the gradual shift to the ñEastò will accelerate in the next decade.
71

 

Evidence submitted to the UK Governmentôs Trade and Industry Committee by vehicle manufacturers 

led them to conclude in 2007 ñwe believe that the closure of car plants in Western Europe and the 

opening of up-to-date facilities in Eastern Europe, using cheaper labour, will continueò. This was felt to 

be due to the industry having a ñregional approach to its markets, expanding or contracting capacity to 

meet regional demandò. They went on to state that the fundamental cause of plant closures was ñthe 

excess production capacity in areas of the world (including Western Europe) where demand is 

stagnant or fallingò.
72 

This was despite strong evidence of cost reduction. General Motors stated that 

since 2002 their UK Ellesmere Port plant had improved quality by 40%, almost halved manpower 

hours per car and reduced total plant cost per car by 40% and assembly cost per car by 36%. Indeed 

the UK plants of Nissan, Toyota and Honda have been ranked as the top three most productive in 

Europe in 2000.
73

 

Peugeot closed their UK plant at Ryton which produced the 206 model and moved production of the 

then new 207 model to the Slovak Republic. The company stated that the costs of converting the plant 

to allow flexible platform based manufacture were too high given that it was already their most 

expensive plant. However, trade unions suggested that labour costs in the Czech and Slovak 

republics were about a third of those in Western Europe. Addressing overcapacity further contributed 

to the closure of Ryton with the company closing the plant earlier than expected due to fall off in 

demand for the 206.
74

 

Other examples of relocating manufacturing to Eastern Europe include Renault which produces 

vehicles in Pitesti, Romania having taken over Dacia in 1999,
75

 while Ford and Fiat produce the Ford 

Ka and Fiat 500, which both share the same platform, at a plant in Tichy, Poland. 

Elsewhere other manufacturers have also reduced production capacity to cut costs. In 2000, Fordôs 

European capacity was reported as being 2.25 million vehicles a year, yet 1999 sales were 1.7 million 

units.
76

 The Economist reported in 2010 that Ford had closed 17 factories including parts-makers and 

halved its shop-floor workforce in North America since 2006. This had resulted in reductions in annual 

running costs of about $14 billion. However the article noted that Europe is still óplagued by 

overcapacityô due to the reluctance of Peugeot, Renault and Volkswagen to reduce capacity, instead 

resorting to discounting.
77

 Ford did end production of vehicles at its Dagenham UK site in 2002, 

although the site continues to manufacture diesel engines.  

Favourable legislative environments may also encourage the relocation of manufacturing, for 

example with respect to employment law, taxes and/or state aid 
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Other factors which have influenced manufacturersô decisions regarding production site locations 

include variations between different countryôs regulations both of the labour market and of the 

automotive industry: 

 Costs and complexity of the redundancy process; (statutory minimum redundancy pay can 

vary by a factor of five between EU countries).
78

 

 Availability of state aid for manufacturing; 

 Import and export tariffs; 

 Protection of indigenous industry.  

Manufacturers are also opening production facilities in Asia, recognising the potential for growth in the 

region. The 2010 version of the Nissan Micra started production in four plants in four different 

countries, three of which are in Asia: China, India and Thailand. The new plant near Chennai in India 

cost $990 million and has the capacity to produce 400,000 vehicles a year. The plant is planned to 

export the Micra model to over 100 countries including Europe, the Middle East and Africa.
79

 Exports 

to Europe started in October 2010. 

General Motors has eleven joint ventures in China
80

 and has been reported to have plans to export 

Chinese made vehicles to America.
81

 Jaguar Land Rover too has announced plans to build cars in 

China and India
82

, while their three UK plants which had been threatened with closure have for the 

moment survived.
83

 

Volkswagen announced that they will start vehicle production in Malaysia, south-east Asiaôs second 

biggest car market, in 2011. Five other foreign vehicle manufacturers have also been reported to be 

interested in setting up production. The Malaysian government is starting to reduce the restrictions 

which require foreign companies to work jointly with local Malaysian partners. Malaysian import taxes 

for vehicles are amongst the highest in the world.
84

  

Suppliers are also facing cost pressures, which is leading them to expand production in 

Eastern Europe and Asia 

Suppliers too have been forced to close plants and shift production to areas with a lower cost base. In 

1998 Lear, a seating supplier announced 15 of its European plants would face closure as well as one 

in North America and one in South America. However they expanded production in Portugal, citing a 

good cost structure and transportation facilities and stated at the time they might also put a second 

operation somewhere in Eastern Europe.
85

 In 2011, they have seating plants in Turkey, Hungary, 

Slovakia, Poland, and the Czech Republic, as well as Russia, India, China, Thailand and South 

Korea.
86

 

In 1999, the tyre manufacturer, Continental was also reported to be planning to relocate 40% of tyre 

production to lower cost countries having announced plans for new plants in Slovakia and Romania to 

add to an existing plant in the Czech Republic. At the end of 2009, Continental opened a new 

automotive R&D centre at Iasi in Romania, hosting 450 employees and covering chassis and safety, 
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powertrain and interior.
87

 In November 2010 they celebrated ten years of automotive business in 

Romania where they now have 4000 employees in total.
88

  

2.4.3 Purchasing strategies 

Another area in which manufacturers have reduced costs is in their handling of inventory. óJust-in-timeô 

parts handling procedures are perhaps the most well-known element of what has become known as 

the Toyota Production System. This system aims to minimise the parts inventory and hence the 

resulting costs. However Toyota also emphasises the importance of involving employees and focusing 

on continuously improving quality and just-in-time is seen as one component of a ñlean manufacturingò 

system. The system relies on having good supplier relationships in order to synchronise delivery of 

parts with production, often requiring suppliers to be located near the manufacturing plant.  

A study by University of Michigan Business School (2002) examining the effectiveness of supply chain 

collaboration for automotive manufacturers concluded that they can reduce in-house inventory up to 

60%, reduce transaction costs by up to 88% and cut lead times by up to 75%.
89

 

Vehicle manufacturers have adopted a range of purchasing and supply chain management strategies 

to drive down the cost of bought-in materials and components. Some of these initiatives are long-term, 

with the impact on cost reduction unfolding as the new model development programme progresses. 

Others are short term, and more closely relate to built-in year-on-year cost reductions expected of 

suppliers as production learning experiences are applied. With respect to the latter, Veloso and Kumar 

(2002:11) show a typical range of price reductions over time required by individual vehicle 

manufacturers of their suppliers. In extremis, such annual reductions may also be supplemented by 

additional one-off demands for price reductions. In terms of purchasing strategy, initiatives such as 

modular supply, outsourcing of R&D and supply chain co-ordination; Just-In-Time, value engineering, 

target and supplier parks have all acted to reduce total costs for the vehicle manufacturers, though not 

necessarily just through the piece price of a component or system (see for example Ibusuki and 

Kaminski, 2005; Parry and Roehrich, 2009; Jurgens, 2004; Chanaron, 2001). 

2.4.4 Spin off of suppliers 

Spin-off of suppliers in order to reduce costs has been attempted by Ford and GM, but with 

little success. 

Another method of achieving cost reduction used by both Ford and General Motors has been to óspin-

offô parts of the organisation so that they become separate component supplier companies rather than 

divisions of the vehicle manufacturer itself. Cost reductions can then be achieved through increased 

competition with rival component manufacturers and a longer term erosion of pay and conditions 

terms. 

In 1999 General Motors made their in-house parts division, Delphi Automotive Systems a completely 

separate company. The New York Times reported that ñG.M. wants to farm out the business to leaner, 

cheaper parts makers worldwide, as other auto makers have done for yearsò.
90

 It was suggested that 

Delphi could reduce costs by moving factories overseas.
91
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Ford created their Visteon parts division in September 1997 as a way of reorganising its component 

business sub systems.
92

 Visteon was responsible for the vehicle interior (instrument panel, seating 

etc.), lighting, powertrain control, chassis, electronic, climate control, and glass. Between 1997 and 

2000 Visteon reported that it saved $600m a year and was aiming for a further $450m saving in 

2000.
93

  

In 2000, Ford followed GMôs example in spinning off Visteon. One former Ford executive has 

commented that óthere was no logic in paying those kinds of wages for parts. It was economic suicide. 

Once GM did it, we had toô. Both Visteon and Delphi claimed that their spin-offs would enable them to 

capture new business from other manufacturers; however their high labour costs in comparison to 

competitors meant that they struggled to achieve this. Delphiôs chairman and CEO stated that 

including benefits their workers cost $65 an hour ï more than twice that for competitors.
 
However both 

spin-offs have resulted in significant further costs for the parent companies. In 2005, Visteon was 

reported as having lost $3.4 billion since 2002 with Ford having to bail it out for $1.6 billion in 2003 and 

stating it would book a further $1 billion in restructuring charges in 2005, taking back 24 manufacturing 

plants.
94

  

Ford stated at the time that it hoped to reduce its supply costs by $600-700 million a year by 2010 in 

the deal, but in May 2009, Visteonôs US business filed for Chapter 11 bankruptcy having never posted 

an annual profit.  Visteonôs main UK subsidiary also filed for reorganisation earlier that year.
95

  Delphi 

fared little better. In 2005 it hired a turn-around specialist after having lost $608 million in the first half 

of the year and after having identified that its pension plan was estimated to cost $1.1 billion in 2006.
96

 

He identified the need to reduce wages and benefits, cut jobs and close 24 factories. Laid-off workers 

were reportedly costing $400 million a year as they were entitled to 75% of their wages. Again the 

parent company, GM, was called on to help with the bail out. However in the same year, Delphi filed 

for Chapter 11 bankruptcy protection. Since then it has sold off or closed most of its plants in the 

United States and in 2009 its core assets were purchased by a group of private investors to create a 

new DPH Holdings Corporation.
97

 

2.5  Direct cost factors 

Key points: 

 Raw material costs are a major component of direct costs but have remained relatively 

stable until recently;  

 Direct costs may have been increased by 3 ï 10% due to a shift in vehicle composition; 

 There has been a strong focus on component sharing and supply base consolidation; 

the number of suppliers per vehicle more than halved, leading to cost reductions 

through greater volume production; 

 Flexible plants enables manufacturers to match supply to demand, thereby avoiding 

stockpiles of unwanted products; 

 Quality improvement initiatives have substantially reduced costs and contributed to 

profitability; 
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 Labour costs have been reduced by relocation of manufacturing to Eastern Europe and 

Asia; 

 Engine, vehicle and after treatment technology has become much more complex. 

(driven partly by emissions legislation) 

2.5.1 Resource prices and taxes 

Commodity prices for raw materials commonly used in car manufacturing have remained 

relatively stable until recently. 

One of the most significant direct costs for vehicle manufacturers is the cost of the materials and 

energy which are needed to construct a new car. Figure 2-13 below shows commodity price indices 

for iron, manganese, copper, aluminium, nickel and zinc, materials commonly found in passenger 

cars. There have been two notable fluctuations in resource prices over the period under consideration. 

The first was seen around 1990, when manganese, nickel and zinc prices doubled, while the second 

is the spike which has been seen in virtually all commodity prices stand which started around 2004 

and continued into the credit crunch: 

Figure 2-13: Commodity price indices of raw materials for passenger cars (1980 = 100)
 98

 

 

As well as the changes in the costs of materials needed to construct vehicles, the material 

composition of vehicles has changed 

Modern vehicle designs have seen a gradual shift away from mild steel and cast iron, in favour of high 

strength steels, aluminium, plastics and composites. This has allowed manufacturers to create stiffer, 

stronger body structures while simultaneously attempting to minimise weight increases. 
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Figure 2-14: Changes in vehicle material composition over time 
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Source: Wardôs Motor Vehicle Facts & Figures (2006). New York: Penton Media 

Figure 2-14 illustrates how the mass fraction shares of different materials have changed over time for 

a typical car (in the US market). However these changes have led to increased costs for 

manufacturers. 

It is very difficult to estimate the resulting cost impacts of changes in the overall composition of a 

vehicle as they can depend on a number of factors. For instance a change to a stronger material may 

allow a significant reduction in the amount of material required for a given part. Equally improvements 

in other material properties may allow cost savings to be made elsewhere. For instance a change to a 

material which has better high temperature resistance may allow a designer to avoid the use of a heat 

shield and the associated extra material and manufacturing complexity costs. However it is possible to 

estimate the likely range of part cost increases with change in materials and these are illustrated in 

Table 2-14. 

Table 2-14: Relative part costs with material changes 

Material Relative cost per part 

Mild steel 1.0 

High strength steel (A606) 1.0 ï 1.5 

Aluminium (AA6111) 1.3 ï 2.0 

Composites (carbon fibre / glass fibre) 2.0 ï 10.0 

Source: Powers 2000
99
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These figures in combination with the typical changes in material compositions shown in Figure 2-14 

suggest that manufacturers may have experienced somewhere between a 3 ï 10 % increase in costs 

between 1984 and 2004 solely due to these changes in composition. 

When combined with changes in material costs over this time, the increase is much larger. The price 

of steel, which has the largest share, has seen similar trends to those for commodity prices as shown 

in Figure 2-15. 

Figure 2-15: Variation in steel prices 1981 - 2008 

 

Source: World Steel Dynamics
100

 

This in combination with the price increases that have been seen in the other primary materials used 

in automotive manufacture has led to estimated overall material cost increases of 50 ï 55 %, although 

this figure excludes any increases due to increasing overall vehicle mass over this time. 

2.5.2 Component costs 

The last twenty years have seen the automotive parts supply base consolidate in response to 

demands from manufacturers for lower costs.  

The original equipment manufacturersô (OEMsô) trend to outsource modules and systems to first tier 

suppliers while also working to share components across different models and markets has meant that 

to be a first tier supplier has required a presence in at least two of the major car-producing areas 

(Europe, North America, South-east Asia/Japan).
101

 This in turn means that mergers and acquisitions 

have occurred amongst component suppliers. 

In 1999 The Economist reported that manufacturersô cost-cutting requirements and policies of 

sourcing equipment and services from a reduced number of direct suppliers were indirectly driving this 

process. They stated that manufacturers were attempting to reduce the number of components to be 

assembled in each new model by up to 30% and highlighted Fordôs stated aim that the number of 

direct suppliers per model would gradually be reduced by 50%.
102

 In the early 1990s there were 400-

500 direct suppliers per model but by the mid-90s this had been reduced to little over 200 and by 1999 

to around 100 in mature economies. 

An increased focus on parts sharing and platform strategies has also driven a reduction in the number 

of suppliers. Manufacturers have sought to reduce costs by reducing the number of different 

components they design and to develop and use them across as many different models as possible. 
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