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5 AEA Effects of regulations and standards on vehicle prices

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:

e Analysis of the historical evolution of new passenger car market prices in the EU27 with
respect to environmental performance, safety standards and comfort levels

e 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

e 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

e 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 Commi ssi onés model
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. T h e study teamb
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:

e 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.

e 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.

e 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.

e 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 CO, emissions. Overall cars have become 12% to 22% cheaper T after
inflation T in the eight years from late 2002 to late 2010. The average annual reduction in CO,
emissions was 0.7% and 2.5% in 2002-2006 and 2002-2010 respectively.

e 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.

e 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.

e 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 Il evels for public and private users, ¢

e 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.

e 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.

e 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.

e 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.

e Some stakeholders suggested regulatory impacts assessments should be broadened in
Europe to better refl ect the i mpact on the indus
reducingt r an s p o,lerhigsiens.C O

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



5 AEA Effects of regulations and standards on vehicle prices

Table of Contents

LI o] £ N0 ) @0 ] 1 (= | 5
(TS a0 i 110 LU =P 6
1 (@] oJ =103 (AVZ=I= Ta Lo BN o U g o T 1= TR 9
11 [0 o [N L1 1 o] o L PP 9
1.2 StUAY METNOA..... ... e e e e e e s s r e e e e e s e ann e areeeees 9
2 Literature review and qualitative analySiS ... 12
2.1 L a0l 0T 4 o] o [P PSPPSRI 12
2.2 Summary of vehicle environmental and safety legislation.............ccccccoviiiiiiiiiiiinienes 14
2.3 REGUIALOTY FACTOIS ..ottt e 31
2.4 BUSINESS Strategy fACIOIS. ... ..eiiiiiiiie e 43
2.5 D=t o o0 1S A =T (0] £ PRSPPI 51
2.6 INAIFECTE COSE FACTOIS ...t e et e e e snbae e e e e 58
2.7 = T ] i = ox (o £ S OO U PP T OPRPPPPIN 61
2.8 (0] 01510 a1 T g = Tod (o] 1= T TP PP PP TPPTPPPIN 62
3 Key trends from the JATO dataSet.........ccevviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e 69
31 a0 T [T 4o ) o [ SRS 69
3.2 KeY trendS T AN@IYSIS......oiiiiiiiiei ittt 75
4 Background on hedonic regression modelling........ccccooeeeeiiiiiiiiiiciee e, 80
4.1 INEFOAUCTION ...ttt e e e s et e e e e e e s e bbb e e e e e e e s e snnnbeeeeeaeeas 80
4.2 Review of methods of quantifying the effects of legislation on vehicle prices................. 80
5 Hedonic regresSion @nalySiS ... 84
51 L 0T [0 1o 4o ) o [ RSP 84
5.2 Key findings and assumptions from the literature review as a basis for hedonic modelling
84
5.3 ESHMALION ISSUES ....eiiiiiei ittt e e et r e e e e e s e s e e e e e e s e nnntaeeeeeaens 86
5.4 Limitations of hedonic MOdelling..........cc.oooiiiiiiiiii e 87
55 Empirical hedonic model SpecifiCationS..........ccooviiiiiiiiii e 88
5.6 RESUILS ...ttt ettt e oo s ettt e e e e e s e bbb b et e e e e e e e e nnbaeeeeae s 90
5.7 Dataset 1 - All diesel vehicles across six Member States ..........ccccoviiiiiiiieiiiiiiiiiieeenn. 91
5.8 Dataset 2 - All petrol vehicles across six Member States ..........ccccccvvvvvivirivieinininininnnn, 102
5.9 Dataset 3 - All diesel vehicles in the supermini and lower medium categories combined
111
5.10 Dataset4 i All petrol vehicles in the supermini and lower medium categories combined
120
6 Interviews with stakeholders.........oooooiiiii i, 131
6.1 a0 T [T o) o RSO RPR 131
6.2 YU ] = VAo L AV 1= 132
7 HYPOTNESES ... 136
7.1 INEFOAUCTION ...ttt e et e et e e e s et r e e e e e e e e s anbeeeeeaee s 136
7.2 Validity of Study NYPOtNESES .....coiiiiiiiie e s 136
(@0 ] o 11 1= 0¥ o 1 148
L] =T =] o =T PR 160

AEA in Confidence Ref: AEA/ED56221/Issue Number 4 5



5 AEA Effects of regulations and standards on vehicle prices

List of figures

Figure 1-1: Study MELNOQ .........eiiiiii i e e st r e e e e e s et e e e e e e e s snntnrreeeeaeeeannns 10
Figure 2-1: Major European environmental legislation that effect car manufacturers ......................... 15
Figure 2-2: Timeline of European Safety RegUIAtIONS .............cevviiiiiiiiiiiiiccc e 26
Figure 2-3: Historical and prospective changes of CAFE standards and average fuel economy records
of US passenger cars and light trUCKS...........cooiiiiiiiiiii e 32
Figure 2-4: Power/Engine Capacity (CV/litre) for both diesel and petrol vehicles. Here petrol is
illustrated on the left, and diesel 0N the Mgt ... 35
Figure 2-5 - Change in Power/Weight Ratio (CV/KQ) OVEr tiMe .....cuvvviiieeeiiiiiieeeee e ee e 36

Figure 2-6 - Comparison of Normalised values of Average Vehicle weight (kg), Max power (CV), and
Combined Fuel Consumption (I/100km) for period of 1995-2010 (fuel consumption measured from

S I TSRO PRP 36
Figure 2-6 - Comparison of Normalised values of Average Max power/Average Weight Ratio,
Combined Fuel Consumption (I/100km), and fuel consumption given a static power/weight ratio. ...... 37
Figure 2-7: 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. .................ccccoooe e, 39
Figure 2-8: 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. ............ccccooioiieiieiiiniiiieeenn, 39
Figure 2-9: 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.............ccccooioiiieiiniiciieeennn, 40

Figure 2-10: 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. 41
Figure 2-11: Correlation between normalised price (2005 EUR) and level of safety features over time

............................................................................................................................................................... 41
Figure 2-12: Commodity price indices of raw materials for passenger cars (1980 = 100).................... 52
Figure 2-13: Changes in vehicle material Composition OVer tiIMe........ccooeeeiiiiii e, 53
Figure 2-14: Variation in steel prices 1981 - 2008 .......ccccooiiiiiiiiiiiie e 54
Figure 2-15: Trend in the number of brands, body styles, models and variants in the UK market (Index
IS Lo S 100 ) SO P 63
Figure 2-16: Percentage market share of passenger car segments in Western Europe...................... 64
Figure 2-17: Changes in the level of comfort features in petrol supermini and lower medium vehicles
for the period 0f 1995 t0 2010. (1995 = 1) ...uuiiiiiiiiiii ittt e et e et e e e sbreeaea 65
Figure 2-18: Changes in the level of comfort features in diesel supermini and lower medium vehicles
for the period of 1995 t0 2010. (1995 = 1) ...uuuuuuuiuereiuiereiniereuererereenenrerererererererer————————.—.——————————————. 65

Figure 2-19: Changes in the level of comfort features for petrol vehicles between 1995 and 2010. .... 66
Figure 2-20: Evolution in the price of VW Golf between 1995 and 2010 across the six Member States
(gL L 22001 PSP 67
Figure 2-21: Evolution in the price of a BMW 3-Series between 1995 and 2010 across five Member
States (IN EUR 2005) ......cccii i ————— 67
Figure 2-22: Comparison of the average price of a BMW 3 Series sold in the UK between 1995 and
2010, priced in both Euros and Pounds (Indexed to 2005 PriCES) ......cueirurrieiiiiieeiiiiiee e 68
Figure 3-1: Evolution in the average prices of passenger cars in each size category over the period
1995 t0 2010 (iN EUR 2005)......ceiueeeiuiiieititeatieeeteeeateeesteeeameeeasteeesmteeeaseeeanseeantaeesnteeaaseeeanseeanseeesnsesanseeans 69
Figure 3-2: Differential in car price for each vehicle size category compared to 1995 (all with EUR
0[O o] [T PP PTPRP 70
Figure 3-3: Average fuel consumption across the six member states for Supermini size category. The
years 1995 and 1996 have been excluded due to fuel consumption measurement standards. ........... 71
Figure 3-4: Average Fuel consumption for lower medium sized vehicles in the six member states. The
years 1995 and 1996 have been removed due to consumption measurement standards. .................. 71
Figure 3-5: Average fuel consumption for upper medium sized vehicles in the six member
states. The years 1995 and 1996 have been removed due to consumption measurement
51 2= T Lo F= 1o TSR PUPTTPT PP 72
Figure 3-6: Minimum, mean, and maximum car prices for different size categories for the six Member
States (All IN EUR 2005). ....eiiiiiiiiieiiiiie ettt ettt sttt e e s sttt e e s anb e e s e abe e e s annbe e e s annbeee s enbeeeeenees 72
Figure 3-7: Range of car prices for a selection of different size categories from individual member
StAteS (IN EUR 2005) ....oiiiiiiii ettt ettt ettt ettt e e e sttt e e e sab et e e e eabe e e e e snbe e e e e anbee e e e nnbeeeeenees 73
Figure 3-8: Range of Vehicle Weights for given vehicle size categories for all the six member states 74

AEA in Confidence Ref: AEA/ED56221/Issue Number 4 6



5 AEA Effects of regulations and standards on vehicle prices

Figure 3-9: Correlation between the normalised average price (2005 EURO) and the HC & NO,

emissions limit for each VEhiICle Size CAtEQOIY........coiuiiiiiiiiie e 76
Figure 3-10: Correlation between the normalised average price (2005 EURO) and the normalised HC
& NO, emissions limit for each vehicle Size CategOrY ..o 76
Figure 3-11: Comparison of Average Car Length vs. Average Max Power for all vehicle categories
(correlation coefficient is given adjacent to BUBDIE) ............oooiiiiiiii 77
Figure 3-12: Comparison of Average Price vs. Average Max Power for all vehicle categories
(regression correlation coefficient is given adjacent to bubble) ..., 78
Figure 3-13: Comparison of Average Price vs. Average CO, Emissions for all vehicle categories
(correlation coefficient is given adjacent to bubbIE) ...........coooviiiiiiiii 78
Figure 3-14 : Comparison of Average Price vs. Average Engine Capacity for all vehicle categories
(correlation coefficient is given adjacent to bubbIE) ............ooo i 79
Figure 3-15: Comparison of Average Price vs. Average Kerb Weight for all vehicle categories
(correlation coefficient is given adjacent to BUDDIE) ............oooiiiiiiiii 79
Figure 4-1: Emission control equipment costs, 19687 1998 (In 2002 US Dollars) .........cccccevvvverernnnenn. 81
Figure 5-1: Histograms of vehicle power/weight ratios for all 4 datasets............ccccvverniiiieiiieeeininenn. 91
Figure 5-2: Coefficients estimates for time dummy variables for three alternative specifications (all
IESEI VENICIES) ...ttt e e et e e et e e e aa bt e e e an b e e e e anbe e e nnee 99
Figure 5-3: Technology adjusted price change (%) (all diesel VEhiCles) .........ccccoviiiiiiiiiiiiiieee 100
Figure 5-4: Estimated coefficients for selected attributes (Model 3) (all diesel vehicles) ................... 100
Figure 5-5: Estimated coefficients for three alternative regressions specifications (all diesel vehicles)
............................................................................................................................................................. 101
Figure 5-6: Coefficients estimates for time dummy variables for three alternative specifications (all
PELIOI VENICIES) ... ———— 109
Figure 5-7: Technology adjusted price change for all petrol vehicles (%) ........cccoovieiiiiiiiiiiieeee 110
Figure 5-8: Estimated coefficients for three alternative regressions specifications (all petrol vehicles)
............................................................................................................................................................. 111
Figure 5-9: The Coefficient estimates for time dummy variables for three alternative specifications for
ThE QIESEI SUDSEL.....ciiiieie et e e e e e e e e st e e e e e e e e s nnbateeeeeeeseannnttneeeaeeeeeannns 117
Figure 5-10: Technology adjusted price change (%) of the diesel subset ............ccccceiviiiiiniiieennn, 118
Figure 5-11 Parameter Estimate i Fuel Consumption (I/100km) for diesel subset .................ccoeenn. 119
Figure 5-12: Parameter Estimate - Power (CV) for diesel subset...........ccceeeeeii i, 119
Figure 5-13: Parameter Estimate 1 Kerb Weight (kg) for diesel subset.............ccccoeeeiiieiei e, 120
Figure 5-14: Parameter Estimate T Length (mm) for diesel subset .............cceoe e, 120
Figure 5-15: Coefficients estimates for time dummy variables for three alternative specifications i
(PEIFOI SUDSEY) ... ——— 127
Figure 5-16: Technology adjusted price change for petrol SUbSet (%) ........coccvveiriiiieiiniiee e 128
Figure 5-17. Parameter estimate - Combined fuel consumption (I/100km) for 3 different
regression techniques for petrol SUDSet.........ooooi i, 129
Figure 5-18: Parameter Estimate - Power (CV) for 3 different regression techniques for petrol
YU o= PP PPPT PP 129
Figure 5-19: Parameter Estimate - Length (mm) for 3 different regression techniques for petrol subset
............................................................................................................................................................. 130
Figure 5-20: Parameter Estimate 1 Kerb Weight (kg) for 3 different regression techniques for Petrol
L1 01 TP PPPT PP 130
Figure 7-1: Triangulating our findings to meet research objectives ..., 136
(1o SR YAV IV A € To Ll o ¢ o1 =M1 =1 o o 139
Figure 7-3: Inflation and technology adjusted price index (all petrol vehicles)...........cccoccviiiiirnnnnn 142
Figure 7-4: Inflation and technology adjusted price index (all diesel vehicles) ..........cccccvviiiiiiernnnn 142
Figure 8-1 Differential in car price for each vehicle size category compared to 1995 (all with EUR 2005
L[0T O PRSP PPPRR 150
Figure 8-2: 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. ...............ccccovviiieiiiiiciinnenn. 151
Figure 8-3: 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. .............ccoccoiiiiiiiniiiiin. 151
Figure 8-4: Evolution in the average price of cars in the 4x4 category (Class H) across six member
states (in EUR 2005) with environmental legislation overlaid ............ccccccoiiiiiiiiiiiii e 152
Figure 8-5: Technology adjusted price Change (96) .......ooioueuiiiiiee i 156
Figure 8-6: Breakdown of diesel and petrol model variants within the JATO dataset......................... 157
Figure 8-7: Parameter estimate - Combined fuel consumption (I/200KM) ........cccooeiieiiiiiinniieeee 158

AEA in Confidence Ref: AEA/ED56221/Issue Number 4 7



75 AEA Effects of regulations and standards on vehicle prices

AEA in Confidence Ref: AEA/ED56221/Issue Number 4 8



5 AEA Effects of regulations and standards on vehicle prices

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 ofthe Commi ssi onés transport sector model lin
model, which was the main tool used for analysing the impacts of recent legislative proposals (Impact
Assessments for CO, 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:

e Analyse the historical evolution of new passenger car market prices in the EU-27 with respect
to environmental performance, safety standards and comfort levels;

e 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;

e [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;

e 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;

e 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

e 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

met hod could potentially then be integrated into
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

! 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?) 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

A. Literature review
To understand the main
factors that affect vehicle
prices and influence of
environmental regulations

Assumptions,
adjustments and i / \
interpretation of B. Hedonic regression Conclusions,
model parameters model recommendations

Quantitative analysis of thel ] andstudy

‘ > relationship between prices hypotheses

Detailed dataset for] and vehicle attributes

vehicle prices and T NS /

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 st udy teamb
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
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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 p® Madrddetails af the JABOt i ond s

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.’

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

e 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:

e Areview of safety and environmental legislation which has been implemented during the time
period in question;

e 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 i 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

Quiality

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:
e Regulations introduced before 1980

e Regulations which influence other environmental legislation, but
which have not had a direct impact on the automotive industry.

Euro standards The Euro standards are a series of regulations which limit the exhaust
(blue) 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.
CO, emissions This covers:
(green) e Regulations to limit CO, emissions from vehicles
e Non-legislative events related to the overall strategy on CO,
reduction, such as voluntary commitments in 1998 by
manufacturers to reduce CO, emissions
e Related regulations which influence greenhouse gas emissions,
such as tyre pressure monitoring and air conditioning
Fuel directives The fuel directives include specifications on the quality of petrol and diesel
(purple) 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
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Note: Dates refer to date of the Directive/Regulation
This section contains a discussion of the following:

e Overview of each piece of significant legislation;

e The date of effect, including any delays to implementation;

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

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

e 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® 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.

0J 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 intraddace
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® to Directive
70/220/EEC have progressively strengthened the standards that have been
set, and extended them to incorporate emissions of oxides of nitrogen (NO,)
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 The Single European Act entered into force on 1 July 1987. It allowed the rule
Act 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 it he Commi ssi on i n
take as a base a high I evel of prote

The Luxembourg The Luxembourg Agreement illustrates how the Single European Act helped
Agreement environmental legislation to be implemented at greater speed. The regulation
Directive 88/76/EEC  S€t 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 In recognition of the needed to protect the environment and human health, the
Directive EU introduced limits on the concentrations of harmful pollutants. The
Directive 96/92/EC Framework describes _how air quality should be_asse_ssed a_md 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

® 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)
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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 (NO,),
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 7 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 17 6.

Date of effect:

HC +
New type approval CO HC NOx
Engin
Directive (All new cars) etype® | g/km g/km g/km
cl 2.72 ) 0.97 ) 0.14
91/441/EEC (3.16)" (1.13)° (0.18)
Euro 1 July 1992
93/59/EEC (December 1992) 5 2.72 0.97
(3.16)" (1.13)°
Cl 1.0 - 0.7 0.08
94/12/EC January 1996
Euro 2 (January 1997)
96/69/EC i S| 2.2 - 0.5 - -
Cl 0.64 - 0.56 0.5 0.05
98/6I/EC January 2000
Euro 3 (January 2001)
2002/80/EC i S| 23 02 ; 0.15 ;
; 2005 Cl 0.5 - 0.3 0.25 0.025
anuary
E 4 2007/715/E
uro 007/715/EC (January 2006)
SI 1.0 0.1 - 0.08 -
Regulation Cl 0.5 - 0.23 0.08 0.005
715/2007 September 2009
Euro 5 .
Regulation (January 2011) .
692/2008 SI 1.0 0.1 - 0.06 0.005
Regulation Cl 0.5 - 0.17 0.08 0.005
EUro 6 715/2007 September 2014
Regulation (September 2015) S| 10 01 0.06 0.005°
692/2008 ' ' i ' '
Notes:

&Cl = compression ignition; SI = spark ignition
® refers to conformity of production limits i.e. when the vehicle is produced
¢ applies only to vehicles with direct injection engines
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The Euro standards tend to be resisted i and in some cases, successfully delayed i 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

Euro 2,3 & 4

Euro 5

Catalytic converters were required to meet the Euro 1 standards. The
manufacturers who supplied smaller cars i 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’. 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 penaltys. 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.

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’. 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 wer e i n®. tTheesiandardsc
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 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 i 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 es't iTheaestienate fiorh AQES, Thé
European auto manufacturers association, was U 9 d%0 The group also suggested
that there would be a counter-productive effect on reducing CO, 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.

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

Harrington, W: The design of effective regulation of transport, International Transport Forum,2008
 ED50232: Evaluation of the air quality strategy http://www.defra.gov.uk/environment/quality/air/airquality/publications/stratevaluation/documents/chapter2.pdf
© Eyro 5 and 6 standards position paper, Transport & Environment 2006
n Impact Assessment on type approval of motor vehicles with respect to emissions and on access to vehicle repaid information, European Commission, 2005
2 Car emission regulation significantly impacts sales of diesel cars and negatively influences CO, emission reductions, ACEA 2006
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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™ (2005 prices) was an
additional 0213 over Eur o sédasanapper astintbte .
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 NOy 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 CO, emissions

From the mid 1990s, measures have increasingly targeted CO, 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 CO, emissions account for around 20% of total EU27 CO, emissions (or 17% if
measured for all greenhouse gas emissions).

In 1995, the European Commission announced a target of reducing CO, emissions from new cars to
120 g/km by 2005, Subsequent negotiations and implementations delayed this target until the year
2012".,

The strategy to reduce CO, 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.

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

* com (95)689 A Community strategy to reduce CO, emissions from passenger cars and improve fuel economy

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

Voluntary In 1998 the European Automobile Manufacturers Association (ACEA) made
commitments a voluntary commitment to reduce average emissions from new cars sold in
the European Union to 140g CO,/km by 2008; the Japan Automobile
Manufacturers  Association (JAMA) and the Korean Automobile
Manufacturers Association (KAMA) made similar commitments in 1999'°,
ACEA represents over 80% of annual registrations in the EU; JAMA

represents over 10% and KAMA less than 5%"".

The Consumer As part of the second pillar of the strategy on CO, emissions, the consumer
Labelling Directive labelling directive was aimed at raising awareness among consumers. It
Directive 99/94/EC requires new cars to display a label showing its fuel consumption and CO,

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- In order to stimulate Member State action on integrating CO, emissions into
Efficient Cars by their vehicle taxation systems, The Commission published a proposal for a
Fiscal Measures Directive on passenger car taxes. The proposal sought to increase the

COM(2005)61 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 CO, Decision No 1753/2000 established a scheme to monitor the average

emissions specific CO, emissions from new passenger cars. This would help to

Decision 1753/2000 monitor the progress of CO, reductions by providing an annual report on the
effectiveness of the strategy.

Average emissions fell from 186 gCO./km in 1995 to 161 gCO,/km in 2004. Based on these
reductions, The Commission thought it unlikely that manufacturers would meet the 140 gCO,/km
target set out in the Voluntary Agreement by 2008/2009. In view of this, The Commission decided that
the objective of 120 gCO,/km would not be met by 2012 without additional measures. A new strategy
to regulate new car CO, 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 T the world leader in large, luxury cars 7 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 CO, 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 CO, emissions to reach an average of 130 g/km on

% As recognised by Commission Recommendation 1999/125/EC
m Europa Summaries of EU legislation: CO, 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 CO, 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 CO, This Regulation is the main element of the Strategy on CO, emissions from

emissions of new vehicles. Some important elements of the agreement are:

passenger cars
Regulation EC . The fleet average to bg gchieved by all .nevv' cars registergd in the EU
443/2009 is 130 gCOy/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.

e 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.

e Long-term target: a target of 959 CO,/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 CO, 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 CO,/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 &Guper creditsé for
sales of electric vehicles, whereby car manufacturers will be allowed to offset every electric car sold
against its average emissions quota.

Regulation of CO, 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 CO,

emissions from vehicles, several measures relating to specificaspect s of a car 6s systems
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 CO, 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 CO, emissions

Emissions from air- Directive 2006/40/EC bans air conditioning systems that use greenhouse
conditioning gases with a global warming potential greater than 150, unless the rate of
systems in motor leakage is within permissible limits. This measure applies to type-approval of
vehicles all new vehicles from 21 June 2008, and to the sale of new vehicles from 21
Directive 2006/40/EC 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 e Tyre-pressure monitoring systems (TPMS) and gear shift indicator

requirements for the lights are mandated by Regulation 661/2009. The TPMS alerts the driver
general safety of when the tyre pressure falls by 20% from its normal warm running
motor vehicles, their pressure.

trailers and systems,
components and e Gear shift indicators advise the driver when to change up to the next

separate technical gear to maximise fuel economy. The regulations for these technologies
units apply to type-approval of all new passenger cars from November 2012,
Regulation 661/2009 and the sale of all new cars by November 2014.

e 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 The fuel efficiency, wet grip and external rolling noise performance of tyres will
Regulation P® raFed ona §cale of A-G. This Regulation is an extension of the consumer
1222/2009 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:

e Allowed the release of direct injection engines;

e Increased effectiveness of catalytic converters, oxidation catalysts, NO, absorber
catalysts (NACs) and particulate traps;

e 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
Sulphur content of
fuels

Directive 93/12/EEC

1998 Fuel Quality
Directive

Directive 98/70/EC

Biofuels Directive
Directive 2003/30/EC

Renewable Energy
Directive

Directive 2009/28/EC

2009 Fuel Quality
Directive

Directive 2009/30/EC

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, ¢

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.

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.'®

The Biofuels Directive (2003/30/ EC)
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.

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).

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.

'8 Amending Directive 2003/17/EC

0 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, NO, 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.”® 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.**

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®.

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.

2 Fyel quality monitoring summary report, European Commission, 2007
2L FAQs on biofuels, ACEA
2 http://ec.europa.eu/enterprise/sectors/automotive/files/projects/report_tyre_road_noisel_en.pdf

AEA in Confidence Ref: AEA/ED56221/Issue Number 4 24


http://ec.europa.eu/enterprise/sectors/automotive/files/projects/report_tyre_road_noise1_en.pdf

5 AEA Effects of regulations and standards on vehicle prices

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.”* 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.%*

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.”® 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 model 6s production run. Since they are 1les

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 Regulations introduced before 1980
legislation

Occupant protection These regulations aim to improve the protection of occupants of motor

(highlighted in  Vehicles.
orange in Figure 2)

Pedestrian Regulations which aim to reduce the injury caused to pedestrians and other
protection vulnerable road users in the event of a collision.

(highlighted in
purple in Figure
2)

Euro NCAP The main non-regulatory development in Europe is the European New Car
(highlighted in blue Assessment Programme (Euro NCAP), which provides consumer information

in Figure 2) on the crashworthiness of new cars.

2 |mpact assessment i proposal for a regulation of the European Parliament and of the Council concerning type-approval requirements for the general safety of motor
vehicles, European Commission, 2008

2 Towards a European road safety area: policy orientations on road safety 2011-2020, European Commission, 2009

2 Consumer information on the crash performance of cars, European Transport Safety Council,1995
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Figure 2-2: Timeline of European Safety Regulations
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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

UNECE Type
Approval

iThe

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.

The United Nations Economic Commission for Europe (UNECE) produces
equivalent standards to the EC type approval process. These test vehicle
1 Systems and separate components, but not whole vehicles.

Agr ee me

AEA in Confidence

Ref: AEA/ED56221/Issue Number 4 26



5 AEA Effects of regulations and standards on vehicle prices

1998 Global The Global Agreement seeks to promote international harmonisation through
Agreement 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.?®

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 Protection of occupants against lateral collision. The Directive applied to new
Directive 1996/27/EC  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 Protection of occupants in head-on collisions. Under the 1958 agreement,
Directive 96/79/EC 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 The new regulation simplifies the previous type approval framework by
Vehicles Regulation consolidating 50 separate Directives. The remaining 10 separate Directives
Directive &€ those relating to environmental issues (emissions, sound levels,
2009/661/EC 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.

% proposal for a Regulation of the European Parliament and of the Council Concerning Type-Approval Requirements for General Safety of Motor Vehicles, European
Commission, 2008
2 SafetyNet (2009) Vehicle Safety, European Commission, retrieved December 2010
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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?® 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.*

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) to2b6, udd8Bucing to U76 assuming the vehi

systems (as almost all cars sold in Europe cars are).***

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®’. Since
20009, Euro NCAP has incorporated fisafety assi
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.%
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 nhumerous 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

2 Cuerden, R: A Review of the European 40% Offset Frontal Impact Test Configuration, 2000

2 priorities for EU Motor Vehicle Safety Design, European Transport Safety Council, 2001

30 Baum, H et al: Cost-benefit Analysis of the Electronic Stability Program (ESP), 2007

st Impact Assessment Concerning Type-Approval Requirements for the General Safety of Motor Vehicles, European Commission, 2008
* ESC Survey, Euro NCAP, 2008

zj Doc 111/4025/92 Brussels

http://www.etsc.eu/oldsite/pressnotice.pdf
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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 European, Japanese and Korean Automobile Manufacturers Associations

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

car fronts improve pedestrian protection. The agreement was criticised for implementing

2001 & 2002 weaker test methods that offered a lower level of protection than those
proposed by the EU.*

Pedestrian The Directive sets the safety requirements to reduce injury to vulnerable road
Protection users if they are hit by the front of a motor vehicle. It applies mainly to the
Directive bonnet and bumper. The Stage 1 requirements were required to be met by all
2003/102/EC 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 This Directive introduces revised Stage 2 limits for pedestrian protection and
systems mandates Brake Assist systems. New passenger cars undergoing the type
Directive 2005/66/EC approval process must be fitted with Brake Assist systems and comply with
Stage 1 limits from November 2009 i 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.%°

The costs of the amended passive safety requirements have been estimated in the Impact
Assessment to be between G27 per vehicle (small fam
Additional items such as pop-up bonnets and front spoil ers could in:
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 wusing Adynamic stabildi
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

% European Transport Safety Council: ETSC6s Response on the European Commissionds Proposal Rel ating to the
Users in the Event of a Collision with a Motor Vehicle COM(2003)67 Final, 2003

% InterRegs: New EC Regulation on Pedestrian Protection Published, 2009 http://www.interregs.com/spotlight.php?id=78

st European Commission: Impact Assessment on the Protection of Pedestrians and Other Vulnerable Road Users, 2007
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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

Co n s u me sosidion Argl Vehicle Safety Consultants developed a safety rating system for cars.

An adapted version has been used by the Dutch Consu
Consumersdé Gro ﬂnghis later became e [2asis for The European Secondary Safety

Rating System for Cars.

Table 2-13: Euro NCAP developments

Euro NCAP The programme consists of whole vehicle crash tests on new car models.
established Established in 1997, it is now backed by the European Commission as well as
1997 Mmotoring 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.* 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 Athe assessment criteria are
four stars in Adul t  Thaxyean theaviolvo SBOrachtewed four stansdOn 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.* It examined the change in safety

% The Guardian: Crash course in safety, 2005 http://www.guardian.co.uk/science/2005/jul/07/6

* European Transport Safety Council: Consumer information on the crash performance of cars, 1995
Superminis, family cars, executive cars, roadsters, off-roaders and multipurpose vehicles

“1 Euro NCAP: A History of the Future of Safety, 2009

2 European Transport Safety Council: Cost Effective EU Transport Safety Measures, 2003
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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:

e 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.

e 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

e 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.

e 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.

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

e 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

e Areview 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
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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:

Al car ma n uifma igrione ICAHRE gvhen 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 mar ket competition and consumer rgsporseéseareences.
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more sensitive to variation in fuel prices than to CAFE standards, within the examined
ranges. 0

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 manufacturer 6 s suggested retail proi
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
fihence, changes in operating costs <can, from
changes i n v e hpracticese comsumers el notdnecésrarily 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 woul d nttioncas eas e

an

a set of internal taxes (on fuel inefficient) and

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) anal ysed
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

t

expenditure of 3% of revenues in the years ahead

expenditures cannot be solelyat t ri buted to emissions control so

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

Chen and Sperling (2004) add that:

filn addition to the difficulties of aas webides t i

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 simultaneous|

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 featuresi 6 6 ser vi c e

attributesa 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.
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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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Figure 2-6 - Comparison of Normalised values of Average Vehicle weight (kg), Max power (CV),
and Combined Fuel Consumption (I/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 (I/100km), and fuel consumption given a static power/weight
ratio.
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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 fithe change in compliance <cost [t o
price for four yearso . However for an unweighted average of
change in price for only two yearso. The authors

AAl'though the change in prices for vcerisimers e s

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. 0

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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5 AEA Effects of regulations and standards on vehicle prices

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.
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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.
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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
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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 fihighly significanto with

t he

6% on average and the catal yt i c converter by 8 %0 , wi t h t he I

significantly over the period.

The EuroNCAP safety ratings have provided significant incentives to manufacturers to

increase safety features in a firace to the topo.

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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5 AEA Effects of regulations and standards on vehicle prices

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.
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Figure 2-12: Correlation between normalised price (2005 EUR) and level of safety features over time
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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 (OEMSs) 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
fetnecessary td& hawaitd d edvecedt 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.*

It has been suggested that the original 1985 agreement gave OEMs too much power.** 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“ 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.*®

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.”’

In 2002, EC regulation No. 1400/2002*® 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

t hat fivi gor ous abmatd conmpetitioa has tramgated intd fallng real prices against a

background ofi ncr eased mar ket i n? e cpnchuded that thome protdibnslofethee | 0 .

2002 Block Exemption Review which diverged from general European legislation regarding
competition appeared to be redundant a recensurdd an ila mo

4 Automotive retailing in the new millennium - The e-commerce revolution, chapter 12, The Economist Intelligence Unit, 2000
“ Automotive retailing in the new millennium - The e-commerce revolution, chapter 12, The Economist Intelligence Unit, 2000
> Automotive retailing in the new millennium - The e-commerce revolution, chapter 12, The Economist Intelligence Unit, 2000
“ http://ec.europa.eu/competition/sectors/motor_vehicles/legislation/explanatory req 1475 95 en.pdf

“7 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:52000DC0743:EN:NOT

“8 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2002:203:0030:0041:en:PDF.

“° http://ec.europa.eu/competition/sectors/motor_vehicles/documents/evaluation_report_en.pdf
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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
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
di fferentials in the EU. O
2.4 Business strategy factors
Key points:
e Platform sharingsaanedndcofmmomart s have been key
manufacturers to reduce costs, meet consumer demand for a greater variety of vehicles
and enabled flexible manufacturing plants
e Sharing of powertrains has also enabled manufacturers to keep costs down
e Manufacturers are now focusing on reducing the numbers of different platforms they
use
e Manufacturers generally aim to have vehicle production facilities close to markets
e Western European market saturation and strong growth in Eastern Europe and Asia
have driven a shift in production location
e Labour costs and the high costs of converting old facilities to more flexible
manufacturing have also contributed to shifts in locations
e Both Ford and Gener al Mot ors attempted to save cC
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 f i rmsd str at egi e sMichehFteygsenatandi ces i n

Yannick Lung identify six sources of profit:
e Economies of scale;
e Diverse offerings;
e Guarantee of quality;
e Innovation;
e Productive flexibility; and

e 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:

e Volume and diversity;

e Quality;

e Innovation and flexibility; and
e 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:

e Reducing design and development costs i 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 nexdagyoveral | ed as 6

¢ Reducing manufacturing costs through economies of scale: higher volumes result in lower piece
prices; reduced numbers of supplier contracts result in greater bargaining power.

e Reducing manufacturing costs through reduced complexity.

e Reducing engine management system calibration development costs i 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®® and a further

eight in the UK®! and were reported to involve nine million vehicles.*® In early 2011 a further problem

with fuel pipes affected various Avensis andoLexus ma
vehicles over 18 months.*

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.> Over forty years
and nine model generations, the Toyota Corolla has become the best-selling car of all time®® and it is
often described as a world car. What is ostensibly the same model is sold in more than 140 countries
and regions.”® It is built in 16 different countries,®” 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.*®

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 fcu¥X Despie thesd difficutiesst es ar e
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 platformeo. 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

platfor m. The platform would comprise Athe subframe,
suspension assembly, as well as other equipment such as air conditioning and
estimated would amount to 60% of thé&InigodFadwads pr od.l
reported to be reducing its worldwide platforms from 32 to 16 while simultaneously increasing the

number of model derivatives offered.®” In the same year, Volkswagen was reported to be reducing

from sixteen to four platforms,®® and Fiat to just three.**

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

% http://pressroom.toyota.com/pr/tms/customer-fags-regarding-the-sticking-153495.aspx
°! http://www.autocar.co.uk/News/NewsArticle/Toyota-iQ/247193/

2 http://abcnews.go.com/Blotter/toyota-recall-toyota-camry-corolla-brake-defects/story2id=9790405

5% http://www.bbc.co.uk/news/world-asia-pacific-12283732

* The Economist (Dec 2010), Ford: Epiphany in Dearborn http:/www.eiu.com/index.asp?layout=EBArticleVW3&article_id=1347663519&rf=0
°° http://www.toyota.com/corolla/awards.html

*° http://www?2.toyota.co.jp/en/news/06/1010.html

*" http://www.toyoland.com/toyota/plants.html

% http://www.autoguide.com/manufacturer/toyota/2009-toyota-corolla-1008.html

* http://www.eiu.com/index.asp?layout=EBArticleV\W3g&article_id=1347663519&rf=0

OFT eyssenet, M., Lung, Y., (2007?), Car firmsod6 strategies and practices in Europe
© The Economist (Nov 1998) Peugeot Citroen enters a new era

2 5. Birch, Building the Puma, Automotive Engineering, 106 (5), pp. 1079109 (May 1998).

% R. Bremner, Common Knowledge, FT Automotive World, pp. 42D46 (June 1999)

%D. Kurylko and L. Ciferri, F i a t 6 sPlaffdmnt Strategy Will Help Maker Reduce Costs, Automotive News, p. 60 (19 July 1999).
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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
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.®® 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®’. 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

© http://www.economist.com/surveys/PrinterFriendly.cfm?story_id=3127250
6 http://www.autosavant.com/2010/11/16/platform-sharing-set-to-increase-dramatically/
o7 http://www.autosavant.com/2010/11/16/platform-sharing-set-to-increase-dramatically/
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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 O6touch poi
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.®®

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-Dise injection system to

meet Athe stdisndemt imgmaved perfor m & and esechimatt evenl e an e r
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.”

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;

8 http://www.bbc.co.uk/news/business-11988802

9 http://www.myarchive.us/richc/VW_TDI_with_PumpeDuse.pdf
" http://www.greencarcongress.com/2009/03/renault-and-nis.html
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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 t& the fAEast o

Evidence submitted to the UK Governmentdés Trade a
led them to conclude in 2007 Awe bel i eve t ha tplanthia Weslera Euwropeandtiie ¢ a

openingofup-toodat e facilities in Eastern Eur ophiswasdeitiong

be due to the industry havingair egi onal approach to its markets,
meet region a | de.malnhdedy went on to state that the fhandament

excess production capacity in areas of the world (including Western Europe) where demand is
stagnant dTihis Waa tlebpitensgyaing 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.”

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."

Other examples of relocating manufacturing to Eastern Europe include Renault which produces
vehicles in Pitesti, Romania having taken over Dacia in 1999, 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 capacityto ¢ u't costs.
European capacity was reported as being 2.25 million vehicles a year, yet 1999 sales were 1.7 million
units.” 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

overcapacityéd due to the reluctance of pBRoitywigseeadt ,

resorting to discounting.”” 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

" http://www.icis.com/Articles/2010/03/22/9343257/global-chemical-industry-recovers-but-an-automotive-shift-to-asia-will-pose-more.html
"2 Success and failure in the UK car manufacturing industry, Fourth Report of Session 20067 07, House of Commons Trade and Industry Committee, 2007

i http://www.touchbriefings.com/pdf/11/auto031_p_ryhs.pdf

" Success and failure in the UK car manufacturing industry, Fourth Report of Session 20067 07, House of Commons Trade and Industry Committee, 2007

" http://www.renault.com/en/groupe/renault-dans-le-monde/pages/renault-en-roumanie.aspx

" Feast,R.(2000), " Why Ford is rebuilding in Europeo@qudtued mon itviee Wnapar, dRa®tr pet umi ng
i http://www.economist.com/node/176732587story id=17673258
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Ot her factors whi ch have influenced manuf acturer so

include wvariations bet ween different c ountof he s

automotive industry:

e Costs and complexity of the redundancy process; (statutory minimum redundancy pay can
vary by a factor of five between EU countries).”®

e Availability of state aid for manufacturing;
e Import and export tariffs;
e 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.” Exports
to Europe started in October 2010.

General Motors has eleven joint ventures in China® and has been reported to have plans to export
Chinese made vehicles to America.® Jaguar Land Rover too has announced plans to build cars in
China and India®, while their three UK plants which had been threatened with closure have for the
moment survived.®®

Volkswagen announced that they will start vehicle production in Malaysia, south-e ast Asi ads

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.®

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.® 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.®®

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 lasi in Romania, hosting 450 employees and covering chassis and safety,

" Success and failure in the UK car manufacturing industry, Fourth Report of Session 20067 07, House of Commons Trade and Industry Committee, 2007

Nissan Motor India announces the start of commercial production of Micra http://www.nissan-global.com/EN/NEWS/2010/_STORY/100524-01-e.html
80 GM Looks to Rev Up Chinese Exports http://online.wsj.com/article/SB10001424052748703703804576145391695274576.html
8 6m plans to export cars from China to the US http://www.telegraph.co.uk/finance/newsbysector/transport/general-motors/5323274/GM-plans-to-export-cars-from-China-
to-the-US.html
82 Jaguar Land Rover announces production in China and India as British factory faces the axe http://www.dailymail.co.uk/news/article-1282297/Jaguar-Land-Rover-
announces-production-China-India-British-factory-faces-axe.html

Jaguar Land Rover to retain three UK factories http://www.bbc.co.uk/news/uk-england-11549823

http://www.bbc.co.uk/news/business-12050488
8 Research Report: European automotive components, 2000 Edition, Part 2 The market, Matthew Beecham

% Information from http://www.lear.com/

84
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powertrain and interior.®” In November 2010 they celebrated ten years of automotive business in
Romania where they now have 4000 employees in total.®®

2.4.3 Purchasing strategies

Anot her area in which manufacturers have rénddaomed cost
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-t i me i s seen as one oaoampoheningb
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%.%

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 methodof achi eving cost reduction used by both Ford
of f6 parts of the organisation so that they become sce¢
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. TheNewYor k Ti mes reported that AG. M. wants to -
cheaper parts makers worl dwi de, as 9%Ittmla$suggestadtlmt maker s
Delphi could reduce costs by moving factories overseas.”*

87 Continental inaugurates new office building of the Research and Development Center in lasi, Romania, Continental Press release 3/12/09 http://www.conti-
online.com/generator/www/com/en/continental/pressportal/themes/press_releases/2_corporation/locations/pr_2009_12 03_iasi_en.html
5 http://www.conti-

online.com/generator/www/com/en/continental/pressportal/themes/press _releases/2_corporation/locations/pr 2010 06 11 10years automotive romania_en.html

http://findarticles.com/p/articles/mi_mQUDO/is 23 15/ai 92001658/
© http://mww.nytimes.com/1999/05/25/business/gm-is-set-to-spin-off-parts-division.html
9 http://mww.businessweek.com/magazine/content/05_38/b3951115.htm
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Ford created their Visteon parts division in September 1997 as a way of reorganising its component
business sub systems. Visteon was responsible for the vehicle interior (instrument panel, seating
etc.), lighting, powertrain control, chassis, electronic, climate control, and glass. Between 1997 and
2000 9\?{isteon reported that it saved $600m a year and was aiming for a further $450m saving in
2000.

In 2000, Ford followed GMO6s example in spinning

commented that 6t her e osekisds of wagées dogparts. Itiwas egpoaoynic suigidet

Once GM did it, we had todé. Bot h VdffswoaldenablathantoDel p hi

capture new business from other manufacturers; however their high labour costs in comparison to
competitors meant t hat they struggled to achi

including benefits their workers cost $65 an hour i 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.®

Ford stated at the time that it hoped to reduce its supply costs by $600-700 million a year by 2010 in

h

eve

the deal, but in May 2009, Visteonds US business

an annual profit. V iyalsodiledhfdr seorgarisation edrker tbauyazzﬂ.?s dDelphr
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.%
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.®’

2.5 Direct cost factors

Key points:

e Raw material costs are a major component of direct costs but have remained relatively
stable until recently;

e Direct costs may have been increased by 37 10% due to a shift in vehicle composition;

e 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;

e Flexible plants enables manufacturers to match supply to demand, thereby avoiding
stockpiles of unwanted products;

e Quality improvement initiatives have substantially reduced costs and contributed to
profitability;

2 http://www.eiu.com/index.asp?layout=displaylssueArticle&article_id=593095659&rf=0

s http://www.theengineer.co.uk/in-depth/ford-favours-fast-track-float-for-visteon-to-grab-market-share/282209.article
4 http://www.businessweek.com/magazine/content/05_38/b3951115.htm
 http://www.businesspundit.com/visteon-files-for-chapter-11-bankruptcy-endangers-ford/

% http://www.businessweek.com/magazine/content/05_38/b3951115.htm

" http://www.dphholdingsdocket.com/dph
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e |Labour costs have been reduced by relocation of manufacturing to Eastern Europe and
Asia;

e 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 commaodity 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) %
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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.

% UNCTADstat, United Nations Conference on Trade and Development.
http://unctadstat.unctad.org/ReportFolders/reportFolders.aspx?sRF_ActivePath=P,8&sRF Expanded=,P.8
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Figure 2-14: Changes in vehicle material composition over time
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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) 1.07 1.5
Aluminium (AA6111) 1.371 2.0
Composites (carbon fibre / glass fibre) 2.07 10.0

Source: Powers 20007

% Powers, W. F. (2000). Automotive Materials in the 21st Century. Advanced Materials & Processes, p 38-41, May 2000.
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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 7 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™®

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 i 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 equi pment manufacturersd (OEMsd)
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/\]apan).lOl This in turn means that mergers and acquisitions
have occurred amongst component suppliers.

In 1999 The Economist reported t hat ma n u f-eutting reqe@renseidts aad 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
direct suppliers per model would gradually be reduced by 50%.% 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.

190 htp:/iwww.worldsteeldynamics.com/matrix/globalexportpricing. html

101 Research Report: European automotive components, 1998 Edition, Part 1 The Industry

102 Research Report: European automotive components, 2000 Edition, Part 2 The market, Matthew Beecham, The Economist Intelligence Unit,
http://www.eiu.com/report_dl.asp?issue_id=1573094557&mode=pdf
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