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We are pleased to be able to present our report "Squaring the circle“. This report was initiated by the Asset 

Management Working Group of the UNEP FI (Finance Initiatives of the United Nations Environment 

Programme). This group brings together twelve leading international asset management firms to examine and 

document the importance of sustainability topics for the portfolio management of mutual funds, pension 

funds, and other institutional funds. 

The automotive sector is impacted by the issue of sustainability in a very special way. The automobile not only 

represents mobility and individuality in modern industrial societies, it is also one of the key sources of 

environmental pollution. CO2 emissions and climatic change, as well as local air pollution (e.g. particulate 

emissions from diesel vehicles) are issues that have recently triggered a significant response from the media. 

Nevertheless, how car manufacturers deal with the issue of pollution is not simply a question of reputation. 

The reaction from consumers shows that the market both calls for and rewards innovative concepts like the 

hybrid drive. At the same time, far-reaching legislative changes are likely to take place in the coming years. In 

this report, we examine how well the European manufacturers are prepared to deal with these changes and 

what financial impact will ensue from the need to comply with these legal provisions. 

Socially Responsible Investment (SRI) is one of the fastest-growing market segments. We are of the firm 

opinion that Corporate Social Responsibility (CSR) as a ‘lived’ entrepreneurial mission is a tool capable of 

creating added value for shareholders. Corporate strategies based on CSR can create efficiency gains and 

enhance corporate reputations, leading to significant competitive advantages. Those companies that are able 

to read these ‘signs of the times’ will also ultimately be able to reap an economic benefit. For this reason, we 

see SRI not merely as a niche segment for a special clientele, but we are sure that this approach will also 

impose itself among mainstream investors.  

WestLB has offered a full-service SRI product since 2002. It includes a modern rating system that is closely 

geared to the market (Extra Financial Risk Navigator) and an index that uses this as a basis (EFRIX). In our 

weekly product (Inside SRI), which has been in publication for some weeks now, we follow the SRI-specific 

newsflow at the micro and macro level and tie it into comments and forecasts from our financial analysts. In 

this way, we are taking a first step towards the integration of extra-financial and financial research. 
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Executive summary 

In the past, investors focused a great deal on car manufacturers’ CO2 emissions. At 

the same time, other greenhouse gases and emissions were disregarded. Overall, 

future guidelines such as Euro 5 or Tier 2 are likely to be a greater obstacle for some 

manufacturers than the ACEA voluntary agreement. Our report includes a model to 

quantify the costs that these guidelines are expected to incur. Thus, for the very first 

time it will be possible to quantify the impact of these guidelines on the earnings of 

European car manufacturers. 

Vehicle CO2 output and the ACEA voluntary agreement on CO2 emissions have been at 

the forefront of public debate. In our view, the regulations that are soon to be 

implemented (not voluntary obligations) are of primary interest with regard to 

minimising pollutant emissions and, above all, in terms of costs to automobile 

manufacturers. The introduction of Euro 5 alone will mean higher costs for 

manufacturers as early as 2008, as well as technical problems on a par with the ACEA’s 

voluntary agreement for some manufacturers. 

Diesel and petrol engines look set to remain the main powertrain technologies in the 

near future, and they both still have considerable potential for optimisation. We believe 

that both of these technologies can reduce their CO2 emissions by a further 40-50%. The 

degree of hybridisation should steadily increase, and we believe that hybrid technology 

will achieve a market share of around 10% in the US by 2010. In our view, this 

technology will reach a market share of only around 5% in Europe due to the low 

competitiveness among the European manufacturers. The market share that we expect 

diesel technology to achieve in Europe by 2010 will probably level off at around 60%, 

compared to our market share estimate of 5-10% for the US. 

The costs to the manufacturers are the result of emissions guidelines (ACEA voluntary 

agreement, CAFE, Euro 5 and Tier 2). In this report, we have calculated the costs that 

would be incurred by each of the manufacturers as a result of the different emissions 

guidelines. Whereas the present status of the CAFE regulation renders it negligible, the 

other three emissions regulations will in our view lead to significant costs. We estimate 

the cost burden to the car manufacturers resulting from the regulations at between €161 

(Fiat) and €2,357 (Porsche) per vehicle. 

The new emissions guidelines are likely to reduce the gross margins of the European 

manufacturers by an average of around 1 percentage point. Estimated costs to 

manufacturers range from 0.6% (Fiat) to 2.5% (Porsche) of aggregate sales. We 

estimate that the manufacturers’ operating profit will be reduced by 15% to 30% as a 

result of these additional product costs. The volume of the costs is derived from a 

combination of the manufacturers’ CO2 emissions profile, their share of diesel-powered 

vehicles and their product mix. 
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Squaring the circle 

Alongside the ACEA voluntary agreement, the future emissions guidelines represent 

a severe cost burden for the individual manufacturers. The dilemma facing the 

combustion engines, that CO2 and NOx cannot be optimised simultaneously, will pose 

problems to the manufacturers in particular. The costs resulting from these 

guidelines will affect the manufacturers in very different ways and should not be 

disregarded when making investment decisions, in our view. 

Europe has two different emission reduction standards, Euro 4/5 and the ACEA voluntary 

agreement. Whereas Euro 4 and 5 regulate the emission of nitrogen oxide (NOx, 

greenhouse effect and leading cause of acid rain and smog), hydrocarbon (HC, precursor 

of smog) and particle emissions (PM, precursor of smog and hazardous to health via 

inhalation), the ACEA voluntary agreement is strictly a CO2 reduction measure 

(greenhouse effect). 

To date, investors have focused on CO2 emission standards, which have a direct bearing 

on the greenhouse effect. The ACEA voluntary agreement aims to reduce CO2 emissions 

in Western Europe to 140 g/km by 2008. The problems associated with achieving these 

targets are fairly evident: 

& It is unclear how this reduction is to be achieved. Neither emission measures nor targets 

for the individual manufacturers have been officially announced. 

& The consequences of not complying with the voluntary agreement are as yet unclear - 

nor is it clear how this would affect the individual manufacturers. 

& Since a voluntary agreement is involved, data is to be compiled on a country rather than 

a manufacturer basis. 

The European Commission’s reaction to the foreseeable non-fulfilment of the ACEA’s 

140 g CO2/km is uncertain. Moreover, the CAFE regulation (Corporate Average Fuel 

Economy) in the USA is not especially demanding, so that no financial risks are 

discernible in the short term due to the industry’s CO2 emission behaviour. However, 

other emissions (Euro 5/Tier 2) represent similarly severe toxicological risks for the 

environment, which will also have immediate impact on the production costs and thus on 

the manufacturers’ profitability. 

CO2 on everyone’s lips 

According to our calculations, the volume-weighted average was around 167 g CO2/km in 

2004 compared to the European Commission’s 2003 reported value of 163 g CO2/km and 

the ACEA’s measurement of 161 g CO2/km. An explanation for these discrepancies 

cannot be determined. 

ACEA: 140 g CO2/km by 

2008 – doubtful whether 

this can be achieved 

ACEA standard is vague 

2004: 167 g CO2/km 
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Euro 5/Tier 2 are being underestimated 

Compared to the CAFE or 140 g CO2/km requirements, the Euro 5/Tier 2 standards leave 

manufacturers with fewer alternatives. Since the Euro 5/Tier 2 standards regulate NOx, 

CH, and PM emissions, the petrol engine enjoys a technical advantage. Segregated 

standards have been established for diesel and petrol technologies, resulting in a 

relatively narrow scope for technological upgrades. 

Euro 5 is an emission standard for vehicle type approval in the European Union. It could 

be introduced by as early as 2008. The Commission’s current proposal envisages a 20% 

reduction in the NOx emission from diesel engines to 200 mg/km. For small cars this 

limit is achievable by improving engine efficiency, but for medium-sized and larger 

vehicles this means after-treatment emissions control. In addition, all diesel engines have 

to be fitted with particulate filters, which are intended to cut soot particle emissions by 

80% to 5 mg/km. Besides the reduction levels of pollutant emissions, the main 

differences between Euro 5 and 4 concern the definition of the vehicle categories and 

prescribed test cycles. 

Alternative technologies and fuels 
Market share forecasts 
Region Diesel  Hybrid

 2005E 2010E  2005E 2010E

Europe 49 58-60  <1 <5

USA 3 5-10  <1 approx. 10

Japan <1 <1  <1 approx. 10

Source WestLB Research, VDA 

Diesel has CO2 advantages – but NOx and PM disadvantages 

Due to the unique performance characteristics of combustion engines (both petrol and 

diesel), it is not possible to reduce all emission outputs by means of improved engine 

efficiency alone. The diesel engine is more efficient (approximately 15%-35% exhaust 

gas recirculation) than its petrol counterpart (approximately 10%-30%), and so it has 

lower fuel consumption and, consequently, reduced CO2 emissions. However, it comes 

out worse than petrol in terms of the more cost-intensive after-treatment of NOx and PM 

exhaust emissions. Moreover the content of carbon per litre of diesel is higher than for 

petrol, so the CO2 reduction capacity of a diesel engine is not as high as the initial fuel 

saving.  

CO2 emissions: Differences between petrol and diesel 

Conventional petrol engine fuel consumption 7 l/100 km or 166.8 g CO2/km

Higher fuel economy of Euro 5 diesel engine approx. -30%

Smaller CO2 reduction due to higher carbon content of diesel approx. +15%

Particulate filter increases consumption approx. +2%

NOx after-treatment increases fuel consumption approx. +5%

CO2 benefits of a Euro 5 diesel engine approx. 5%-10%

Source WestLB Research 

Tier 2 and Euro 5 are fairly 

straightforward 
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Opportunities for hybrid technology 

The US Department of Energy estimates that between 7% and 10% of vehicles sold in 

the USA will have hybrid technology by 2008 (1.2m – 1.7m vehicles) and that this figure 

could be around 15% - 20% (2.6m – 3.4m vehicles) by 2012. Toyota has plans to sell 

between 350,000 and 400,000 hybrid vehicles by 2006. The Japanese car manufacturer 

intends to sell 1m hybrid vehicles by 2010, which corresponds to a market share of 

between 12% and 15%. This would put Toyota in line with the US Dept. of Energy’s 

forecasts. 

Estimates regarding the hybrid market share in Europe differ widely. We believe that it is 

unlikely to exceed 5% by 2010. However, this depends primarily on the whether this 

technology is available to European manufacturers. Toyota estimates that it is 3-5 years 

ahead of the competition. Accordingly, the European manufacturers’ first competitive 

hybrid vehicles are unlikely to reach the market before 2008, which also tallies with the 

product planning at VW and DCX. 

CO2 emissions 
The ACEA’s emission target entailed a reduction in the CO2 level from 185 g/km to 140 

g/km between 1995 and 2008. A progress report was planned for 2003 with a new target 

value of between 165 g CO2/km and 170 g CO2/km, which was actually achieved. The 

report stated, however, that the 140 g CO2/km target could not be achieved unless CO2 

emissions were dramatically reduced in subsequent years. 

Assuming a linear emission trend, CO2 emissions must be reduced at an annual rate of 

2% in order to bring the level down from 185 g/km to 140 g/km. Between 2002 and 

2003, however, the emission improvement rate was a mere 1.2%. For the ACEA target to 

be achieved, therefore, the annual improvement rate would have to increase to 2.8% in 

subsequent years. 

The average of 140 g CO2/km required for the industry could, however, be achieved on 

the following assumptions: improving fuel consumption by 15% for all manufacturers 

across the board. The share of diesel-driven cars has an appreciable effect on CO2 

emissions, but this should not be overestimated. A complete changeover in engine 

technology from the petrol to the diesel engine would reduce CO2 emissions by 6.8%. 

This assumes that previously only petrol engines (100%) were deployed and that these, 

without exception, are replaced by diesel engines (100%). 

US market share for  

hybrid vehicle up to 2008 

potentially 7% - 10%  

Toyota: c. 3-5 years ahead 

of the competition  

The 140 g CO2/km target 

will not be achieved in our 

view 
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CO2 emissions by manufacturer, as at: 2004A 
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Source WestLB Research

Costs for the OEMs 
According to our calculations, the ACEA commitment represents a lower cost barrier to 

some manufacturers than does the recently proposed Euro 5 standard. By 2008 we 

believe BMW’s product costs will increase by €632m. Additional compliance costs, not 

counting the ACEA voluntary agreement, amount to an estimated €235m overall, or €195 

per vehicle. The potential impact on the company’s EBIT margin is roughly equivalent to 

that of higher raw material costs in 2005. Our estimate indicates an EBIT of €4,180m for 

2007, and this impact would correspond to an earnings loss of 15.1%. 

According to our calculations, Porsche’s compliance costs for the ACEA standard come 

to €2,132/vehicle compared to additional costs of only €42/vehicle for PSA. Accordingly, 

(based on our assumptions) PSA’s compliance costs for Euro 5 would be three times as 

high as for the ACEA commitment. For Porsche, ACEA compliance costs would be higher 

by a factor of 41. This serves to illustrate the diametrical relationship between the two 

standards and the varying degrees to which the manufacturers are affected. 

Incremental compliance costs for emission regulations 
 Total costs Total costs/vehicle  Cost/vehicle

Manufacturer (€m) (€) Euro 5 (€) ACEA (€) Tier 2 (€) CAFE (€)

BMW 632 523 141 329 52 2

Renault 466 187 132 55 0 0

Porsche 181 2,357 52 2,132 64 108

PSA 555 164 122 42 0 0

Fiat 284 161 109 52 0 0

DaimlerChrysler 1,186 684 136 335 211 3

VW Group 1,131 220 122 85 13 0

Source WestLB Research estimates 

Costs of €42-2,132 per 

vehicle 
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Significant impact expected on operating performance 

The estimated impact on the car manufacturers’ operating performance is based on our 

projected EBIT results for 2007. We believe that the new emissions guidelines are likely 

to reduce the gross margins by an average of around 1 percentage point. Estimated costs 

to manufacturers range from 0.6% (Fiat) to 2.5% (Porsche) of aggregate sales. 

This is currently not reflected in our estimates, as these product costs would arise as of 

2008 at the earliest. It is apparent to us that the German premium manufacturers BMW 

and Porsche will be disproportionately affected, whereas Volkswagen will probably have 

the highest increase in costs among the mass manufacturers. We expect this to be 

reinforced by the high number of engine models offered by VW and DCX. Taking this 

into account, we believe that Fiat and PSA are more attractive. 

Estimated costs versus projected operating results (based on 2007E) 

€m BMW DCX Fiat Porsche PSA Renault Volkswagen

Sales 50,558 156,915 50,419 7,273 59,710 44,188 95,290

EBIT 4,180 7,960 1,956 1,162 2,194 1,769 3,900

EBIT margin (%) 8.3 5.1 3.9 16.0 3.7 4.0 4.1

Costs 632 1,186 284 181 555 466 1,131

Costs/EBIT (%) 15.2 14.9 14.5 15.6 25.2 26.3 29.0

Costs/sales (%) 1.3 0.8 0.6 2.5 0.9 1.1 1.2

Source WestLB Research estimates 

 

 

Gross margin is estimated 

to drop by roughly 1% 
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Single-minded focus on CO2 

The continued high dependency of the automobile sector on fossil fuels does nothing 

to further the impression of an environmentally friendly, resource-efficient industry. 

To date, investors have focused on CO2 emission performance as a result, while 

neglecting other industrial emission problems in the process. 

These also pose an equally serious toxicological threat to the environment, which should 

have an immediate impact on manufacturers’ production costs and profitability. 

Nonetheless, the bulk of regulatory measures is concerned with CO2 emissions. 

Passenger traffic by type in Europe (% km travelled)  CO2 emissions by traffic type in Europe 
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Source European Commission, WestLB Research Source European Commission, WestLB Research

CO2 emissions by source of energy (mill. t CO2) / year  CO2 emissions by sector (mill. tonnes CO2) / year 
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Natural gas 
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Solid fuels 
877
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Energy 
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Transport 
915
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Source European Commission, WestLB Research Source European Commission, WestLB Research
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The regulatory environment 

It is paradoxical that the EU has ratified the Kyoto Protocol without adopting legal 

regulations regarding CO2 emissions for vehicles. The Euro standards do specify 

mandatory emissions targets for all vehicles, but not for CO2. In contrast to this, the 

US has introduced the CAFE regulations. While these admittedly do not appear to be 

especially demanding, they do at least create a legal framework for the regulation of 

CO2 emissions.  

Compliance with the new targets slated for introduction in 2008 will be particularly cost-

intensive for diesel technology. Volkswagen can be cited as a negative example, since, 

although VW has the highest proportion of diesel-driven vehicles of all manufacturers, it 

has the lowest number of vehicles equipped with diesel particulate filters (see table on p 

38), which does not indicate a particularly favourable Euro 5 compliance profile on the 

part of the manufacturer. 

In this report, we focus on the most important markets for European manufacturers – 

Europe and the US, Overall, these two markets account for 17.8% of the total unit sales 

of the seven manufacturers in this report (compared to Western Europe: 54%). However, 

the various regulatory standards of these two markets pose greater challenges to 

manufacturers such as DCX, VW, BMW and Porsche than to the manufacturers that are 

not (yet) represented in the US.  

Regulatory environment in Europe 
Europe has two different emission reduction standards, Euro 4/5 and the ACEA voluntary 

agreement. Whereas Euro 4 and Euro 5 regulate the vehicular emission of nitrogen oxide 

(NOx, greenhouse effect and leading cause of acid rain and smog), hydrocarbon (HC, 

precursor of smog) and particle emissions (PM, precursor of smog and hazardous to 

health via inhalation), the ACEA voluntary agreement is strictly a CO2 reduction measure 

(greenhouse effect). The ACEA voluntary agreement calls for a Europe-wide CO2 

emission reduction to 140 g/km by 2008. 

Euro 5 compliance will be enforced via new-vehicle homologation certification. Vehicles 

that fail to meet the required standard will not be granted a type approval certificate for 

Europe. By contrast, measures of compliance and non-compliance with the ACEA 

voluntary agreement have yet to be clarified. 

CO2: ACEA voluntary agreement 
The ACEA members (BMW, DaimlerChrysler, Fiat, Ford, GM, Porsche, PSA, Renault, 

VW) have committed themselves to reducing CO2 emissions in all newly registered 

vehicles in Western Europe to 140 g/km by 2008.  

In addition, the automobile industry is prepared to discuss a further tightening of the 

CO2 emission requirement to 120 g/km. However, we seriously doubt that the CO2 

emission target of 140 g/km will be met.  

The greater the diesel 

share, the higher the costs 

Focus on major sales 

markets 

ACEA: 140 g CO2/km by 

2008 –doubtful whether 

this can be achieved 

Euro 5 will be official 
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The ACEA voluntary agreement is structurally different from the US CAFE requirement in 

that it does not address requirements at the manufacturer level, which makes it difficult 

to gauge the successful implementation of the measure in practice in the European 

automotive industry.  

According to our calculations, the volume-weighted average was around 167 g CO2/km in 

2004 compared to the European Commission’s 2003 reported value of 163 g CO2/km and 

the ACEA’s measurement of 161 g CO2/km. An explanation for these discrepancies 

cannot be determined. 

CO2 emissions in Europe (g CO2/km)   
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Source VDA, WestLB Research estimates

The ACEA’s emission target entailed a reduction in the CO2 level from 185 g/km to 140 

g/km between 1995 and 2008. A balance report was planned for 2003 with a new target 

value of between 165 g CO2/km and 170 g CO2/km. This was in fact achieved. The report 

stated, however, that the 140 g CO2/km target could not be achieved unless CO2 

emissions were dramatically reduced in subsequent years. 

Assuming a linear emission trend, CO2 emissions must be reduced at an annual rate of 

2% in order bring the level down from 185 g/km to 140 g/km. Between 2002 and 2003, 

however, the emission improvement rate was a mere 1.2%. For the ACEA target to be 

achieved, therefore, the annual improvement rate would have to increase to 2.8% in 

subsequent years. 

Euro 5 Standard 
Euro 5 is an emission standard for vehicle type approval in the European Union. The 

Euro 4 standard came into effect in 2005. A proposal for Euro 5 has been submitted by 

the European Commission, although its final form is still unclear. It could even be 

introduced by 2008. The commission’s current proposal envisages a 20% reduction in 

the NOx emission from diesel engines to 200 mg/km. It should be possible for small cars 

to conform with this ceiling with engine technical modifications, but from mid-sized cars 

ACEA does not address 

requirements at the 

manufacturer level 

2004: 167 g CO2/km 

Although the 2003 balance 

report of the ACEA 

voluntary agreement was 

positive, …  

… the 140 g CO2/km target 

will not be achieved in our 

view 

Euro 5 as of 2008? 
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upwards it will require an exhaust gas treatment system. In addition, all diesel engines 

have to be fitted with particle filters, which are intended to cut soot particulates 

emissions by 80% to 5 mg/km. Besides the reduction levels of pollutant emissions, the 

main differences between Euro 5 and 4 concern the definition of the vehicle categories 

and prescribed test cycles. 

BMW and Mercedes Benz will have fitted all of their vehicles with particulate filters by 

the end of this year; Audi and Volkswagen have not yet been able to equip all of their 

vehicles with filters. 

Euro 5 regulations are more stringent – but not as strict as expected 

The new regulation prescribes a NOx reduction of only 20% to 200 mg/km for diesel 

engines compared to speculations of up to 70% in the run-up to Euro 5. This limit was 

intended to ensure compliance through improved engine performance. Because NOx 

reduction technology is not yet fully developed, the European Commission has recently 

proposed not setting the reduction target below 200 mg/km. This reduction will be 

difficult to achieve for smaller, more fuel-efficient engines in particular as they will be 

subjected to a significantly higher workload in the required driving cycle. 

The reduction of particulate emissions by 80% to 5 mg/km poses a greater challenge. 

Since a particulate filter is indispensable for this target to be achieved, it may well be 

required on all diesel-powered vehicles. Today’s filters can reduce particulate emissions 

by 97% so the new ceiling should not be a problem - at least from a technical 

standpoint. 

The new Euro 5 standard stipulates a 25% reduction of NOx and HC emissions to 60 

mg/km and 75 mg/km, respectively, for petrol engines, which should be far less difficult 

– and less expensive – to achieve than the new diesel standards. 

Euro 4/5 and Tier 2 emission standards for diesel engines 
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Euro 4/5 and Tier 2 emission standards for petrol engines 
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Targeted vehicle categories 

In contrast to Euro 4, the Euro 5 requirements also apply to passenger vehicles with a 

curb weight in excess of 2,500 kg. Under Euro 4, these vehicles were classified as light 

commercial vehicles. This regulation favoured SUVs in particular. Now that Euro 5 has 

closed this loophole, demand for this vehicle class should be significantly reduced as a 

result. 

Longer test period 

Besides the reduction of emissions, the new test period also presents new challenges for 

manufacturers. Previously, manufacturers provided a vehicle emission warranty of 

80,000 km. The emission test period has now been extended to 160,000 km. The 

associated difficulties should not be underestimated, in our view. 

Some modern diesel engines are no longer able to conform to the prescribed emission 

limits after only 50,000 km. This is due to impurities within the engine that accumulate 

over time and hinder combustion. Extending the durability period to 160,000 km places 

exorbitant demands on combustion robustness, which is very difficult to achieve with 

today's technology. 

ACEA criticises the Euro 5 proposal of the European Commission 

The ACEA demands a relaxation of Euro 5. In particular, the ACEA is challenging the 

NOx reduction, the duration of the test cycle, and the deadline. The demands made by 

the ACEA include limiting the test cycle to 100,000 km (as previously) as of 2010 at the 

earliest. In addition, it criticises the NOx reduction to 60 mg/km for petrol engines. 

Stricter requirements for 

targeted vehicles 

Test cycle extended to 

160,000 km 

Challenge for diesel 

engines 

ACEA demands test cycle 

of 100,000 km 
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ACEA’s criticisms of the Euro 5 proposal 

Euro 5 European Commission ACEA

Implementation Mid-2008 January 2010

Test cycle 160,000 100,000

NOx diesel engine (mg/km) 200 200

NOx petrol engine (mg/km) 60 250

7-passenger vehicles Passenger regulation Special regulation

Source European Commission, ACEA

Regulatory environment in the US 
In contrast to the European market, the manufacturers in the US are subject to a fuel 

consumption limit. The CAFE regulation (Corporate Average Fuel Economy) provides for 

separate standards for passenger cars and light commercial vehicles.  In addition to the 

CAFE regulation, which controls the fuel consumption of manufacturer’s fleets, the US 

has the Tier 2 emission regulation and other state regulations (e.g. those issued by the 

State of California). The Tier 2 regulation sets ceilings for the emission of NOx, HC and 

particulates. 

The recently passed US Energy Bill has set more stringent standards for the CAFE 

regulations; however, this is based on a new classification of light commercial vehicles. 

Ultimately, this new regulation will have a greater effect on manufacturers of smaller 

vehicles than on those of larger vehicles and will thus tend to affect European/Asian 

manufacturers more than US manufacturers. 

CO2: CAFE requirements 
The CAFE regulation governs the maximum allowed fleet fuel consumption by 

manufacturer. If the fuel consumption limit is exceeded, penalty payments are imposed. 

The calculation of fuel consumption is volume weighted, and vehicles with alternative 

drive concepts (e.g. hybrid technology) generate positive compensatory effects. 

The CAFE requirements for passenger cars (weighing less than 6,000 lbs) call for 27.5 

miles per gallon (mpg) (equal to 8.6 l/km) and are not especially demanding. Still, in the 

past Porsche and BMW were unable to fulfil this target. The recently passed US Energy 

Bill will not change the 27.5 mpg limit. 

In contrast, the limits for light commercial vehicles (weighing between 6,000 lbs and 

8.500 lbs) will, on average, gradually be raised from 22.2 mpg in 2007 to 24.5 mpg in 

2012. Vehicles with a curb weight in excess of 8,000 lbs are exempt from the CAFE 

regulation. Neither Porsche nor BMW managed to fulfil this standard in 2004. 

Tightening this standard will mean that the industry will have a much higher hurdle to 

clear – and this will include European manufacturers as well. As opposed to today’s 

method of calculation (volume-weighted average fuel consumption), the new regulations 

provide that average fuel consumption values are to be calculated according to vehicle 

category. This is based on a vehicle’s footprint (not its weight). Vehicles weighing more 

than 8,000 lbs (e.g. the GM Hummer) are not taken into account. 

CAFE fuel consumption 

limit 

New CAFE regulation 

adopts new classification 

CAFE: Hybrid vehicles 

offer compensatory effect 

Passenger cars: 27.5 mpg 

Light commercial vehicles: 

22.2 mpg 

Classification according to 

vehicle footprint 



 

 

WestLB Squaring the circle

15 December 2005 15

CAFE standards for passenger vehicles 

mpg 2000A 2001A 2002A 2003A 2004 2005E 2006E 2007E

CAFE target       27.5        27.5       27.5       27.5       27.5        27.5        27.5       27.5 

Industry-wide average       28.5        28.8       29.0       29.5       29.1        30.0        30.2       30.0 

DaimlerChrysler       27.9        27.9       27.7       29.7       29.7        28.7        29.0       29.1 

Volkswagen       28.8        28.5       29.5       29.8       28.7        28.8        28.5       29.5 

BMW       24.8        25.0       26.2       26.8       26.3        26.9        27.1       26.9 

Porsche       24.3        23.7       23.9       24.1       23.3        24.4        23.7       23.9 

Source NHTSA, WestLB Research estimates

According to the new regulation, light commercial vehicles are divided into six 

categories; these have to achieve between 21.3 mpg (for the largest vehicle) and 28.4 

mpg (for the smallest vehicle). Thus, in future the penalty payments will not be 

calculated on the basis of the average values of 2 categories but on 7. It is therefore 

easier for manufacturers of large vehicles to observe these limits, as the heavier vehicles 

do not negatively affect the average value of all vehicles; instead, they have to merely 

observe the limit within their respective category. 

The penalty payments are calculated using the number of unit sales and the amount by 

which the standard is missed: each 1/10 mpg by which the standard is missed is 

multiplied by a penalty of US$ 5.50 times the number of unit sales. For Porsche, this 

figure amounted to €3.5m in 2003.  

It is possible to accumulate credits for years in which the standards have been 

surpassed, which can then be used in the three subsequent years in case the standards 

are not met. However, this has never been the case for Porsche. 

CAFE standards for light commercial vehicles 

Light commercial vehicles 2000A 2001A 2002A 2003A 2,004A 2005E 2006E 2007E

CAFE target 20.7 20.7 20.7 20.7 20.7 21.0 21.6 22.2

Industry-wide average 21.3 20.9 21.4 21.8 21.5 21.8 21.8 22.4

DaimlerChrysler 21.4 20.8 21.5 22.2 20.7 21.0 21.5 22.2

Volkswagen 18.9 20.4 20.6 21.3 19.3 20.1 20.5 20.5

BMW 17.5 19.2 20.1 20.0 21.5 21.6 21.6 22.2

Porsche n.a. n.a. n.a. 18.0 18.3 18.6 18.7 18.6

Source NHTSA, WestLB Research estimates

Tier 2 and LEV II 
There are two emission standards in the US: the national standard Tier 2 (issued by the 

EPA – Environmental Protection Agency) and the LEV II standard (issued by the CARB – 

California Air Resources Board). The standards are increasingly being brought into line 

with each other, and the main difference is the sequence in which they will be 

introduced. Whereas the implementation of Tier 2 will be completed by 2010, the LEV II 

standards will come into effect as early as in 2007. LEV II will apply in California and 

other states in the north western US (New York, Pennsylvania, etc.). 
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In contrast to the Euro 4/5 regulations, the Tier 2/LEV II regulations do not distinguish 

between the various engine technologies. Thus, petrol, diesel engine and other 

technologies must observe the same emission standards. The Tier 2 regulation has been 

in effect since 2004 and will be fully implemented by 2010. 

The Tier 2/LEV II regulation provides for significantly more stringent guidelines with 

regard to NOx than the European guidelines. As diesel vehicles will most likely have to 

be equipped with a particulate filter and SCR system, their projected compliance costs 

will be considerably higher compared to Europe. The costs for petrol engines will also 

rise but not at the same pace as for diesel engines. 

However, in contrast to Euro 4/5, the Tier 2 regulation allows vehicles to be subdivided 

into eight classes. The way in which the individual vehicles are classified is left up to the 

manufacturer as long as the fleet emission exceeds the limit of 0.07 g NOx/mile. As in 

the case of Euro 5, the test cycle here has also been extended from 80,000 to 120,000 

miles. 

Tier 2 emission standards (120,000 miles) 

Class NMOG (g/miles) CO (g/miles) NOx (g/miles) PM (g/miles) HCHO (g/miles)

8 0.125 4.2 0.20 0.02 0.018

7 0.090 4.2 0.15 0.02 0.018

6 0.090 4.2 0.10 0.01 0.018

5 0.090 4.2 0.07 0.01 0.018

4 0.070 2.1 0.04 0.01 0.011

3 0.055 2.1 0.03 0.01 0.011

2 0.010 2.1 0.02 0.01 0.004

1 0.000 0.0 0.00 0.00 0.000

Source WestLB Research

Two divergent strategies – consumption and 
emission optimisation 
The European Commission’s reaction to the foreseeable non-fulfilment of the ACEA’s 

140 g CO2/km is uncertain. Moreover, the CAFE regulation in the USA is not especially 

demanding, so that no financial risks for the car manufacturers are discernible in the 

short term due to the industry’s CO2 emission behaviour. However, other emissions also 

represent similarly severe toxicological risks for the environment, which will also have an 

immediate impact on the production costs and thus on the profitability of the 

manufacturers. 

Compared to the CAFE or 140 g CO2/km requirements, complying with the Euro 5/Tier 2 

standards leaves the manufacturers with far fewer alternatives. Since the Euro5/Tier 2 

standards regulate NOx, CH, CO2 and PM emissions, the petrol engine enjoys a technical 

advantage here. Segregated standards have been established for diesel and petrol 

technologies, resulting in a relatively narrow scope for technological upgrades. By 

contrast, the ACEA voluntary agreement in no way stipulates how the industry-wide 

average emission rate of 140 g CO2/km is to be complied with, be it through engine 

technology upgrades (diesel, hybrid, etc.), model mix or fuel optimisation. Compliance 
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cost estimates are very difficult and imprecise at best because of the number of 

assumptions involved. 

Consumption optimisation, i.e. CO2 minimisation 
The introduction of diesel direct injection with common rail injection technology 

contributed the most to reducing CO2 emissions in Europe (pump-nozzle injection 

system). More far-reaching measures include variable valve timing (VVT), exhaust gas 

recirculation systems, SCR systems, new transmission concepts, etc. All of these 

measures entail additional costs and can in combination reduce CO2 emission ratings, 

based on our analysis, by up to an estimated 50% for petrol engines and 40% for diesel. 

Potential of conventional technologies to reduce CO2 emissions – most important steps, based on: 2000 

Measure CO2 reduction potential (%) Additional costs (€) Comment

Fuels 

Roll-on tyres 3-5 0-20 Already marketed

Low-viscosity oil 1-5 0-30 Already marketed

Engine 

Petrol direct injection, incl. exhaust 

recirculation 

10-13 150-200 E.g. VW FSI, Mitsubishi GDI 

VVT and electromechanical valve 

actuation 

15-20 240-470

Downsizing / turbocharger 5-7 200-270 Volkswagen TSI

Transmission 

Automated gearshift 3-5

6-speed automatic transmission 1-3 170-340

Variable transmission 5-10 85-340 30%-70% vs. conv. transmissions

Weight reduction 

Aluminium 5-8 0-375 Max. 20% of curb weight

Plastics 5-8 60-1800 Max. 20% of curb weight

Propulsion system 

Diesel-powered vs. petrol engine 8-13 150-620 25%-30% consumption reduction but CO2 disadvantage

Start/stop function, mild hybrid 8-10 800-960 Valeo, Continental

Summary 

Petrol engine with direct injection 35-49 230-1320 Base value of est. 175 g CO2/km

Diesel engine with direct injection 23-41 240-1360 Base value of est. 150 g CO2/km

Source WestLB Research, Kolke, National Research Council

The costs associated with CO2 reduction are very similar for both engine technologies. A 

CO2 emission reduction of 35%-49% for petrol engines with direct injection should cost 

about €230-1,320 per vehicle. In terms of cost, petrol technology is able to achieve a 

higher CO2 emission reduction potential versus diesel. 

We estimate that additional unit costs for a CO2 emission reduction of 23%-41% for 

diesel engines run to approximately €240-1,360. As diesel technology is already fairly 

advanced (direct fuel injection, common rail), any further emission savings potential is 

limited. 

By contrast, current compliance costs for a 40% CO2 emission reduction in a hybrid 

system are estimated to be approximately €240 - €1,500. From a technological 

standpoint, the emission savings potential is similar to that of conventional technologies, 
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with newer model series commanding a greater market share (assuming the relevant 

government requirements are formulated accordingly). 

However, tax breaks for US hybrid engines will certainly make it difficult for diesel 

technology to capture a significant market share, as is already the case in Europe for 

example. Given the uniform tax rate for diesel and petrol, however, the success of hybrid 

vehicles will depend on regulations targeting other toxic emissions. Although the revised 

energy bill removes some of the tax incentives for hybrid vehicles, diesel engines remain 

significantly and expensively disadvantaged under the Tier 2 standard. 
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The diesel dilemma 

In Europe, car manufacturers have managed to generate a perceivable benefit for 

their customers by utilising the advantages of diesel technology in combination with 

a favourable regulatory environment and the lower tax on mineral oil and have 

thereby artificially increased demand. Although in Europe the diesel engine is 

regarded as the key technology for reducing CO2 emissions, a higher proportion of 

diesel vehicles in the US would be entirely due to demand and not to regulations.  

Diesel has CO2 advantages – but NOx and PM disadvantages 
Due to the unique performance characteristics of combustion engines (both petrol and 

diesel), it is not possible to reduce all emission outputs through improved engine 

efficiency alone. The diesel engine is more efficient (approx. 15%-35% exhaust gas 

recirculation) than its petrol counterpart (approx. 10%-30%), resulting in lower fuel 

consumption and reduced CO2 emissions. 

Comparison of emission levels between diesel and petrol engines 

Vehicle type Engine type Curb weight (kg) CO2  emissions (g/km) NOx emissions (mg/km) Particle emissions (mg/km)

BMW 320i Petrol 1,435 178 32 0

BMW 320d Diesel 1,505 153 222 2

Golf 2.0 FSI Petrol 1,242 182 29 0

Golf 2.0 TDI Diesel 1,281 146 239 2

Source KBA, WestLB Research 

However, the combustion process of the diesel engine produces higher NOx, HC and PM 

emissions. Moreover, as the carbon content of diesel fuel (energy density of 35.3 MJ/L) 

per unit volume exceeds that of petrol (energy density of 32 MJ/L), the diesel engine’s 

superior fuel efficiency does not lead to a disproportionately high reduction in CO2 

emission levels. 

CO2 emissions: Petrol vs. diesel 

Conventional petrol engine fuel consumption 7 l/100 km or 166.8 g CO2/km

Fuel economy of Euro 4 diesel engine approx. -30%

Smaller CO2 reduction due to CO2 emissions approx. +15%

Particulate filter increases consumption approx. +2%

NOx after-treatment increases fuel consumption approx. +5%

Reduced CO2 emissions of a Euro 5 diesel engine approx. 5%-10%

Source WestLB Research 

Although the European automobile industry considers diesel engines to be the key 

technology for reducing CO2 emissions, it is less successful at meeting other emission 

guidelines, such as European standards for fine-particle emissions. Transforming a 

diesel engine into a “clean“ powertrain calls for expensive and sophisticated after-

treatment technologies (DeNOx catalytic converters, particulate filters). 

In addition, the diesel engine, unlike hybrid technologies, cannot make an appreciable 

contribution to CO2 reduction since diesel technology is already highly advanced. 
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Percentage of conversion to Euro 3 and Euro 4 (by manufacturer) 
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The above chart shows the percentage of conversion to Euro 3 and Euro 4 standards by 

individual manufacturer. The BMW Group has the highest degree of conversion, with 

92% Euro 4 compliance for all engine models. If the development of the Euro 4 and Euro 

3 standards is indicative of NOx and particle emission levels, however, it is clear that 

compliance with the emission targets does not necessarily equate to reduced CO2 

exhaust output. 

CO2 emissions by manufacturer, as at: 2004 
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The case of Fiat demonstrates that low CO2 emission is more closely correlated to low 

average vehicle weight than to state-of-the-art engine technology, which is not to say 

that Fiat does not build highly sophisticated engines. The subcompact and compact 
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segments account for 89% of Fiat’s total automobile sales. Based on the share of Euro 4 

engines, approximately 41% of Fiat’s engine models do not yet meet the new Euro 4 

standard. As a result, Fiat’s relative emission levels are higher than those of the BMW 

Group. 

BMW is followed by Volkswagen with around 84% of all engine models meeting the 

Euro 4 standard. In terms of market awareness, Peugeot is seen as the front runner in 

reducing emissions thanks to its patented particulate filter system. However, 52% of 

PSA’s engine models have yet to be Euro 4 certified. 

Why does this pose a problem? 
The major difference between Euro 4 (introduced in January 2005) and Euro 5 (to be 

introduced in mid-2008) is that the latter calls for a more significant reduction in particle 

emission, as well as a 20% reduction in nitrogen oxides and carbon dioxide emission 

outputs. It is more difficult for diesel engines than for petrol engines to meet the more 

stringent standards without incurring higher costs. 

Incremental costs for VDA engines associated with proposed emission standards
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Euro 4 and 5 are structured as tax incentives for both consumers and individual vehicle 

models. All automobile manufacturers are required to meet the Euro 5 standard. VDA’s 

average cost estimate of €2,100 per vehicle for 2005-2008 was only partly compatible 

with our calculations and still does not address the cost problem. 

To date, investors have focused on CO2 emission standards, which have a direct bearing 

on the greenhouse effect. However, the ACEA voluntary agreement aims to reduce CO2 

emissions in Western Europe to 140 g/km by 2008. The problems associated with 

achieving these targets are fairly evident: 
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& It is unclear how this reduction is to be achieved. Neither emission measures nor targets 

are defined for individual manufacturers. 

& The consequences of not complying with the voluntary agreement are as yet unclear. 

Nor is it clear how this would affect the individual manufacturers. 

& Since a voluntary agreement is involved, data is to be compiled on a country rather than 

a manufacturer basis. 

As a result, we are left with a regulatory vacuum creating even greater uncertainty for 

investors. Consequently, our focus in this report is to shed light on the potential risks 

associated with adopting CO2 standards and to quantify the potential risks to individual 

manufacturers from the proposed introduction of Euro 5/Tier 2. The more daunting 

challenge for automobile manufacturers is both standards in combination. 

Potential for diesel in Europe and the USA 
The operating costs are the most important parameter affecting the engine mix and 

consist of the purchase value, depreciation, motor vehicle tax and insurance and a 

combination of fuel consumption and prices.  The tax aspect plays a doubly important 

role firstly through the motor vehicle tax and secondly through the mineral oil tax. As the 

table below shows, there is a significant link between the tax imposed on diesel fuel and 

the proportion of new registrations of diesel-powered vehicles. 

Overview of the tax rate for diesel in Europe (€ cents) 
Taxation Diesel share (2004) Vehicle tax

Country Unleaded petrol Diesel Difference (%) CO2-based

Austria 417 302 115 70.9 

Belgium 508 315 193 70.2 

Germany 655 470 185 43.6 

Denmark 539 406 133 24.2 X

Spain 396 294 102 65.4 

Finland 588 319 269 15.5 

France 589 417 172 69.2 

Greece 296 245 51 2.9 

Ireland 443 368 75 18.3 

Italy 542 403 139 58.3 

Luxembourg 442 253 189 72.5 

Netherlands 659 360 299 24.9 

Portugal 523 308 215 56.9 

Sweden 356 367 -11 8.0 

UK 688 688 0 32.6 X

European average 509 368 142 48.9 

Source ACEA, WestLB Research 

Basically, in countries in which diesel fuel enjoys only a slight or no tax benefit, the 

proportion of new registrations for diesel-driven vehicles is significantly lower. In the two 

countries that impose a CO2-based motor vehicle tax, this has led to an increase in the 

share of diesel-powered vehicles, but Denmark and the UK are still well below the 

European average. 
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US – diesel/petrol price comparison  Germany – diesel/petrol price comparison 
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Once the tax benefits for diesel exceed the 25% level, this leads to a significantly higher 

share of new registrations for diesel-powered vehicles. However, the Scandinavian 

markets still have a below-average share of diesel-powered vehicles despite the fact that 

diesel fuel in Finland is 45.7% cheaper than petrol. 

Diesel share of new registrations in Western Europe 
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Who gains if the share of diesel-driven cars rises? 
In Europe, car manufacturers have managed to generate a perceivable benefit for their 

customers by utilising the advantages of diesel technology (torque curve and 

consumption) in combination with the regulatory guidelines (lower tax on mineral oil), 

which has been of particular benefit to German manufacturers in the past. 

25% level is in sight 
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The UK market is best suited to illustrate the relationship between market share and the 

share of diesel-powered cars because, since March 2001, the motor vehicle tax for cars 

has been based on CO2 output and thus benefits diesel vehicles. In the UK, the share of 

diesel cars rose from 22.8% to around 43.3% from 2000 to 2005. 

Diesel share (LH scale) and market share trends (RH scale) in the UK 
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It is difficult to isolate the correlation between the diesel and market share due to the 

dominant effect of other market tendencies. Examining the correlation between market 

share and diesel share in the UK only reveals a significant correlation for VW. 

The expansion of the product portfolio, which is responsible for the high correlation at 

BMW, is not attributable to market share gains from the higher diesel share, but rather 

to model-induced growth. It is worth noting that neither French manufacturer has 

profited from the diesel trend, with PSA showing a strong negative correlation. The 

significant negative correlation at Fiat reflects a high market share loss. 

Correlation between diesel and overall market shares in UK 

Fiat Group -0.89

VW Group 0.75

BMW Group 0.91

DCX 0.49

PSA -0.76

Renault 0.14

Source SMMT, WestLB Research 

And who gains Europe-wide? 
If we examine the correlation between the overall market share and diesel share trends 

Europe-wide, it is difficult to isolate the diesel share impact. However, we have examined 

the correlation at the European level. Only BMW exhibits a clear positive correlation with 
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a higher diesel share due to its portfolio expansion, whereas Fiat shows a high negative 

correlation for the opposite reason. 

Correlation between diesel and overall market shares in Western Europe 

Fiat Group -0.88

VW Group -0.25

BMW Group 0.94

DCX 0.08

PSA 0.31

Renault -0.01

Source SMMT, WestLB Research 

Beginnings of a re-think in the US? 
Although the European regulatory environment is weighted in favour of, and thus 

artificially increases the demand for, diesel vehicles, a higher diesel share in the US 

would be due entirely to demand and not to regulations. As the Tier 2 limit values for 

NOx and PM are far more stringent than the Euro 5 standards, the cost of diesel 

technology in the US will again be significantly higher than in Europe. 

In addition, the current vehicle fleets of US automobile manufacturers already comply 

with CAFE, obviating the need to reduce fuel consumption in order to satisfy regulatory 

requirements. However, three considerations argue for further growth of the diesel share 

on the US market. 

1. The average excess consumption of all vehicles will be an estimated 3%-4% given 

that more stringent safety requirements result in increased vehicle weight. 

2. The US energy bill calls for tax incentives for diesel vehicles (clean diesel) and 

hybrids. 

3. The higher the oil price, the more sensitive consumers become to fuel costs – diesel 

vehicles offer some savings potential. 

At the same time, however, the disadvantages of diesel should not be overlooked. 

1. Emissions standards: In addition to a particulate filter and DeNOx catalytic converter, 

diesel vehicles will presumably have to be retrofitted with an expensive SCR system 

(roughly €150). The NOx limit of 70 mg/km (compared to 220 mg/km in the EU) 

poses a formidable challenge to diesel technology, as it is not possible to meet the 

particulate limit of 10 mg/km without a particulate filter. 

2. Price of diesel: The US provides no tax incentives for diesel, which is only marginally 

more expensive than petrol. The major justification for a diesel surcharge on the 

European market is inapplicable in the US. 

3. Diesel fuel quality: New diesel engines were developed for a much higher quality 

diesel fuel. A maximum sulphur content of 50 ppm is allowed in the EU. Diesel fuel 

with a sulphur content of 10 ppm was introduced on 1 January 2005. The diesel fuel 

sulphur content is currently 500 ppm in the US, and is scheduled to be reduced to 15 

ppm in June 2006. Desulphurised diesel is a prerequisite for the introduction of 

particulate filters and DeNOx catalytic converters on the US market. 
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4. Availability of diesel: Diesel fuel is only available at an estimated 40% of all filling 

stations. 

US – diesel/petrol price comparison  Germany – diesel/petrol price comparison 
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Tax incentives for diesel and hybrid engines 

The new energy bill (the 2005 Energy Tax Act, effective as of 2006) calls for a first-ever 

tax incentive for diesel vehicles (“Clean Diesel vehicles”) in the US (up to 

$1,000/vehicle). In addition, hybrid vehicles will continue to enjoy much higher tax 

incentives ($500-3,400/vehicle). However, the incentive is restricted to a certain number 

of units so as not to exclude manufacturers not producing hybrid vehicles (notably GM) 

from the incentive. The first 60,000 hybrid units sold qualify for the full tax incentive. 

The full incentive is allowable for only the first two quarters in which the 60,000 vehicles 

are deducted. The incentive is reduced to 50% in the following 2 quarters and to 25% in 

the 5th and 6th quarters, with no deduction allowable in the 7th quarter. The amount of tax 

incentive depends on the fuel consumption of the vehicle.  

Estimated tax rebates for hybrid vehicles 

Manufacturer Vehicle type Estimated tax break (US$)

Ford  Escape Hybrid (2wd) 2.600

Ford Escape Hybrid (4wd) 1.950

Honda Accord Hybrid 650

Honda Civic Hybrid (auto) 2,100

Honda Civic Hybrid (manual) 1,700

Honda Insight (auto) 2,600

Lexus RX400h 2,200

Mercury Mariner Hybrid 1,950

Toyota Highlander Hybrid (2wd) 2,600

Toyota Highlander Hybrid (4wd) 2,200

Toyota Prius 3,150

Chevrolet/GMC Silverado/Sierra 250

Chevrolet/GMC Silverado/Sierra 250

Lexus GS450h 1,300

Nissan Altima 1,300

Toyota Camry 1,300

Source ACEEE 

First-ever tax incentive for 

diesel vehicles – hybrid tax 

incentive is much higher, 

however 
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What is therefore a realistic diesel share in the US? 

The forecasts for diesel technology in the US automobile industry have varied 

considerably in the past few years. Two years ago, Bosch – which is very upbeat on the 

US market – projected a market share of 20% by 2012, while its latest market share 

projection is 20% by 2014. Overall, diesel market share forecasts range from 5% to 

20% by 2014. 

 We assume that diesel will be able to achieve a market share of 5%-10% in the US by 

2010 and 10%-15% by 2015. We look for a market share of well over 5% by 2008. 

Diesel benefits both from its popularity on the LCV/SUV market and from its 

sophisticated technology. However, we assume that hybrid technology will achieve a 

higher market share in the US, with a projected 7%-10% (1.2-1.7m vehicles) by 2003 

and 15%-20% (2.6-3.4m vehicles) by 2012. 

Forecasts for diesel 

technology vary 

considerably 

Diesel expected to gain 

market shares in the US 
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Alternative technologies and 
fuels 

In our view, the global market will develop in a relatively stable manner in the period 

leading up to 2010. In total, we are expecting the Western European market to grow 

slightly from roughly 14.3m vehicles at present to a figure of 15.0m (CAGR of 0.8% 

over five years). For NAFTA, we expect the market to grow slowly by an average of 

0.4% p.a. over the next five years to 20m vehicles. 

Western Europe: Market trend for passenger cars/ 
light commercial vehicles 

  NAFTA: Market trend for passenger cars/light 
commercial vehicles 
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Estimates regarding the development of diesel and hybrid vehicles in the various markets 

are very heterogeneous. We assume that the growing proportion of diesel vehicles in 

Europe is stabilising at a market share of between 58% and 60% (compared to the 

current figure of roughly 49%). However, this is heavily dependent on the tax regime in 

Europe. Hybrid vehicles are likely to account for a smaller proportion of the market in 

Europe than in the US and Japan because diesel technology is strongly anchored in 

Europe. At the same time, diesel-powered vehicles are likely to gain a better foothold in 

the US market and achieve higher market penetration rates through the popularity of 

SUV and light commercial vehicles, in our view. 

Market share forecasts  
 Diesel  Hybrid

Region 2005E 2010E  2005E 2010E

Europe 49 58-60  <1 <5

USA 3 5-10  <1 approx. 10

Japan <1 <1  <1 approx. 10

Source WestLB Research, VDA 

Hybrid and diesel vehicles 

are likely to account for a 

larger share of the market  
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Conventional technologies 
The cost per kilowatt of power output limits any decisions about engine technology. 

Industry estimates suggest that costs should not exceed around €40/kW. This means that 

an average petrol engine with a maximum power output of 75kW (102 bhp) should cost 

around €3,000. This ceiling also very strongly limits the potential for new technologies if 

this cost barrier cannot be complied with or if lower operating costs would justify a 

higher investment. 

For this reason, it currently looks as though electric and hydrogen-powered engines are 

not suitable as alternative sources of energy for vehicles because the costs required for 

emissions control are far too high. According to statements from DaimlerChrysler, fuel 

cells will not be commercially viable before 2015 and are therefore beyond the remit of 

this study. 

Nowadays, diesel engines consume around 30% less fuel than a conventional petrol 

engine. However, a diesel motor costs about 30% more to manufacture. For this reason, 

our calculations suggest that the diesel powertrain for a mid-sized vehicle costs roughly 

9% (or €900) more to manufacture than a petrol engine. This additional cost is passed 

on to customers and our investigations indicate that a mid-sized car costs between 8% 

and 12% more than a comparable petrol-powered vehicle. 

Manufacturing costs for a mid-sized passenger car 
 Petrol engine Diesel engine Difference

Module Costs (€) Costs (€) (%) Comment

Powertrain/engine (75kW) 3,000 3,900 30 Diesel around 30% more expensive

Chassis 1,850 1,850 - -

Bodywork 2,700 2,700 - -

Electronics 1,350 1,350 - Relatively little because mid-sized vehicle 

Assembly 1,250 1,250 - 25 hours assembly time

Total costs 10,150 11,050 9%

Source WestLB Research, Automobilwoche, Kolke 

Consequently, the higher level of investment required can only be justified in 

combination with a more favourable tax regime for diesel vehicles. For the next 10 years, 

it is likely that manufacturers will continue to focus on making the design of diesel and 

petrol engines more efficient. The main areas of attention are likely to be light-weight 

bodywork systems, exhaust gas after-treatment systems, engine designs and 

transmission designs. A more detailed analysis of the costs for each of the manufacturers 

can be found in the section “Costs for the OEMs”. 

Hybrid technology 
A hybrid design is based on the idea of combining at least two different types of drive. 

Generally it combines a petrol combustion engine and an electric motor. This leads to 

additional costs for the electrical motor, the transmission system and the engine 

management system. Toyota places the additional cost to consumers at €4,500, while 

Volkswagen assumes a figure of between €2,500 and €3,000. 

40 €/kW as a guideline 
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Besides Toyota (currently available: Toyota Prius, Toyota Highlander, Lexus RX400h), 

Honda (Honda Civic IMA, Honda Accord, Honda Insight), Ford (Ford Escape, Mercury 

Mariner) and GM (GM Silverado and Sierra) also offer hybrid technology in production 

vehicles. Toyota and Ford offer full hybrid models, while Honda and GM have mild-

hybrid models. 

Overview of hybrids – sedans 

Marque Honda Honda Honda Toyota

Model Accord Civic Insight Prius:

As of model year 2005+ 2006 2000-2005 2000-2005

List price (US$) approx. 30,000 approx. 21,850 approx. 19,000 approx. 20,000

Segment Mid-size Compact Coupe Compact

Fuel consumption (mpg) 30/37 50/50 M 60/65 / CVT 57/56 60/51

Emissions class ULEV II, Bin 5 PZEV Manual ULEV I, Bin 9 PZEV, Bin3

Net power output (bhp) 255 110 71 110

Power output of combustion engine (bhp) 240 95 65 76

Power output of electric motor (bhp) 16 20 13 67

Expected unit sales in 2005 20,000 30,000 2,000 100,000

Source WestLB Research, Hybridcars.com 

The difference between full and mild hybrid models lies in the degree of hybridisation, 

i.e. how powerful the alternative source of motive power is (in this case the electric 

motor) compared to the main powertrain. In the case of the continental system fitted to 

the GM Silverado, the electric motor does not have any drive function, merely a start 

function. As a result, the degree of hybridisation is zero, which makes it similar to a 

start/stop system. 

In the system fitted to the Honda Accord, which is referred to as a mild hybrid, the 

electric motor has a power output of 16 bhp and the combustion motor has a power 

output of 240 bhp. Conversely, the fully hybrid Toyota Prius has an electric motor with a 

maximum power output of 67 bhp, while the combustion engine has a maximum power 

output of 76 bhp. 

Overview of hybrids - SUVs & minivans 

Marque Ford Lexus Toyota Mercury

Model Escape RX 400h Highlander Mariner

As of model year 2005+ 2006- 2006+ 2005+

List price (US$) approx. 29,000 approx. 48,500 as of 33.030 approx. 29,000

Segment SUV SUV Compact SUV SUV

Fuel consumption (mpg) 2wd 36/31 / 4wd 33/29 31/27 2wd 36/31 / 4wd 33/27 2wd 36/31 / 4wd 33/29

Emissions class PZEV, Bin 4 SULEV II SULEV, Tier 2-Bin 3 PZEV, Bin3

Net power output (bhp) 155 268 268bhp 155

Power output of combustion engine (bhp) 133 208 208PS 133

Power output of electric motor (bhp) 94 167 front; 68 rear 167bhp / 68bhp 94

Expected unit sales in 2005 20,000 24,000 45,000 2,000 

Source WestLB Research, Hybridcars.com

Prius: roughly 70% 

market share 

GM Silverado only has a 

start/stop function 
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Mild hybrid technology: GM and Honda 
ISAD (integrated starter alternator damper) is a mild hybrid system that merges the 

alternator and the starter into one unit. The system can convert braking energy into 

electrical energy, which is stored in rechargeable batteries, and used to re-start the 

engine at a later stage.  

When ISAD is combined with a start/stop function, its superior efficiency to a 

conventional starter system permits the fuel consumption to be cut considerably, and 

also brings a sharp reduction in the noise and exhaust gas emissions. 

Continental’s ISAD technology is currently used in the GM Silverado, which has annual 

sales of around 500,000 units. In 2004, Continental sold around 1,000 ISAD modules to 

General Motors. The roughly 15% fuel consumption reduction cited by Continental 

appears to represent the upper end of the achievable efficiency improvement. GM 

estimates a figure of 10%. 

In contrast to the ISAD system, Honda uses a hybrid system (IMA – integrated motor 

assist) in which the electric motor also employed during the acceleration phase. In the 

Honda Accord, this leads to a 25% improvement in fuel consumption and a 15% 

increase in the maximum power output. The ISAD system could also be similarly 

improved. 

A rival to the ISAD system is a straightforward start/stop system from Valeo that does not 

count as a hybrid system, but has a far simpler design and can also cut fuel consumption 

in city traffic by around 10% and the CO2 emissions by between 5% and 8%. In this 

case, the starter is not replaced. The Valeo system is available as special equipment in 

the Citroën C3 from the PSA Group and the company believes it will sell 50,000 units by 

2006. 

Volkswagen has already developed a mild hybrid vehicle. The vehicle is based on the VW 

Touran and is equipped with a petrol engine and a 20 bhp electric motor and is very 

similar in design to the Honda concept. Nevertheless, it remains to be seen whether this 

vehicle will make it onto the market. 

Fully hybrid technology: Toyota and Ford 
Fully hybrid technology is currently only available from Toyota and Ford. The difference 

to Honda’s IMA system and Continental’s ISAD system lies in the degree of 

hybridisation. In its Prius, Toyota uses an electric motor with a maximum power output 

of 67 bhp in addition to a combustion engine with a maximum power output of 76 bhp. 

In the Lexus RX 400h, Toyota employs two separate electric motors with a maximum 

power output of 167 bhp and 68 bhp respectively. Conversely, in its Escape model, Ford 

only uses one 94 bhp electric motor. 

However, there are a series of technical alternatives as to how a fully hybrid vehicle can 

be built – one mode to two mode (no. of operating modes). Toyota employs a 

continuously variable planetary gearbox, which is used to synchronise the electrical 

ISAD technology permits 

fuel consumption to be cut 

considerably 

IMA from Honda is 

superior to ISAD system 

Valeo system reduces both 

fuel consumption and CO2 

emissions 

Development project at 

Volkswagen 

Toyota and Ford have fully 

hybrid technology 

Technical implementation 

differs widely 
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motor and the combustion engine. Volkswagen has plans for a fully hybrid vehicle based 

on the Golf, with a double clutch gearbox and a diesel engine. 

The retail price for these systems lies between €2,500 and €4,500, although the Toyota 

system is at the upper end of the range. This needs to be seen alongside the reduction in 

fuel consumption, which can be as much as 35% - 40%, which is very different to that 

achievable with mild hybrid vehicles. 

Features of hybrid technology 
 Additional retail sales cost (US$)  

 Small cars Mid-sized/ large 
vehicles

Light truck Heavy truck Performance gain 
 (%) 

Change in fuel 
consumption (%)

Start/ stop 600 640 640 -- 0 7.5

Light hybrid tech. 1,250 1,385 1,450 1,625 10 12.5

IMA 1,620 1,790 -- -- 15 20

Fully hybrid tech. 3,320 3,920 3,700 4,100 15-20 20

Source US Department of Energy

Opportunities for hybrid technology 
The US Department of Energy estimates that between 7% and 10% of vehicles sold in 

the USA will have hybrid technology by 2008 (1.2m – 1.7m vehicles) and that this figure 

could be around 15% - 20% (2.6m – 3.4m vehicles) by 2012. Toyota has plans to sell 

between 350,000 and 400,000 hybrid vehicles by 2006. Toyota intends to sell 1m hybrid 

vehicles by 2010, which corresponds to a market share of between 12% and 15%. This 

would put Toyota in line with the US Dept. of Energy’s forecasts. 

Estimates regarding the hybrid market share in Europe differ widely. We do not expect it 

to exceed 5% by 2010. However, this depends primarily on the whether or not this 

technology is available to European manufacturers. Toyota estimates that it is 3-5 years 

ahead of the competition. Accordingly, the European manufacturers’ first competitive 

hybrid vehicles are unlikely to reach the market before 2008, which also tallies with the 

product planning at VW and DCX. 

In its assessment of the potential of mild hybrid technology for ISAD applications, the US 

Department of Energy forecasts that this process will only account for around 5% of the 

entire hybrid market because once fully developed it offers less potential to reduce fuel 

consumption and has a worse cost/benefit ratio. According to this assessment, fully 

hybrid technology, (48% market share), start-stop systems (28%) and the IMA system 

(Integrated Motor Assist) from Honda (19%) all have a greater market potential. 

The main reasons for the authors assuming a smaller market share is that an ISAD 

system has to be regarded as something of a mongrel system and because it has a 

somewhat less favourable cost/benefit ratio. Pure hybrid systems are likely to capture a 

greater share of the market because they can save more fuel. 

Continental’s decision to develop a pure hybrid technology appears logical. Against this 

backdrop, the collaboration with the car supplier ZF Friedrichshafen AG appears very 

sensible to us because it will be possible to integrate the major electrical/ gearbox 
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system components. We assume that both VW and Mercedes-Benz will draw upon this 

technology for their mild-hybrid vehicles. 

Cost/benefit ratio for various hybrid systems  
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Hybrid technology has caught European manufacturers on the wrong foot. At present, 

none of them has a vehicle ready to launch on the market. All of the German 

manufacturers’ plans envisage them launching products on the market by 2008-2010. 

We presume that in Europe the so-called mild-hybrid systems will have the greatest 

chance of success, because they have the most effective cost/benefit ratio. 

CO2 emissions in relation to hybrid share in Europe (as of 2004) 
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In a standard driving cycle (which is also used for the CO2 analysis), a full-hybrid uses 

around 35% less fuel. Accordingly, a higher degree of hybridisation would have a much 

more positive effect on CO2 emissions than a rising diesel share could ever achieve. 

European manufacturers 
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Disadvantages of hybrid technology 
The European manufacturers frequently refer to the drawbacks of hybrid technologies in 

long-haul driving. The higher vehicle weight resulting from the hybrid system leads to 

higher fuel consumption in driving cycles with relatively high average speeds because 

the electric motor is hardly used and therefore only represents ballast. 

Accordingly, the European manufacturers are expecting to see even greater differences 

in future customer behaviour. In an urban areas with relatively low average speeds (less 

than 80 km/h), hybrid vehicles are likely to win a very large market share and in rural 

areas (with high average speeds in excess of 80 km/h) diesel-powered vehicles will 

probably be able to further expand their share of the market. 

However, this does appear to be a rather theoretical view because it is unlikely that there 

will be many cases for which a hybrid concept will not be suitable. Given this, it remains 

unclear why the European manufacturers have so seriously neglected this technology 

and in some cases continue to do so. 

Comparison between hybrid drive and petrol engine at different average speeds 
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Alternative fuels 
The use of alternative fuels is just as important for cutting emissions as engine 

innovations or exhaust gas treatment systems. It cuts the emission of both CO2 and other 

exhaust gases. Fuels are likely to have a negligible effect upon the costs OEMs face, but 

can at the same time significantly lessen a number of emissions problems. 

According to targets set forth by the European Union, alternative fuels will account for 

an ever greater share of the market and thus be able to gradually replace traditional 

fuels. How these quotas are to be met, whether by mixing or via monovalent (natural 

gas) or bivalent (natural gas and petrol) drives, has yet to be specified and will be very 

heavily influenced by the tax regime in each country. 

EU targets for alternate fuels 

(%) 2010 2015 2020 2020 – new proposal

Bio fuel  5.75 7 8 15

Natural gas 2 5 10 10

LPG 0 0 0 5

Hydrogen  0 2 5 X

Overall quota  7.75 14 23 >30

Source Volkswagen, European Commission

The advantages these alternative fuels enjoy over conventional diesel or petrol are the 

cleanness of the combustion process (because they do not contain sulphur, for example) 

and the reduced net CO2 output (because they are manufactured from biomass). The 

drawbacks are their limited availability because of a lack of infrastructure, considerable 

procurement investments (flexible fuel vehicles) and the higher rate of engine wear (bio-

diesel). Furthermore, the energy balance for CTL- (coal-to-liquid) and GTL (gas-to-liquid) 

fuels is not sufficiently advantageous as to justify mass production at current crude oil 

prices. 

Overview of alternative fuels 

 Petrol engines Diesel engines

Limited resources CTL (Coal-to-Liquid) – Synfuel

CNG (Compressed Natural Gas)

LPG (Autogas)

GTL (Gas-to-Liquid) – Synfuel

CTL – Synfuel

Renewable resources Biogas

Ethanol

Methanol

Hydrogen 

Vegetable oil 

Biodiesel (rape seed oil, methyl ester)

BTL (Biomass-to-Liquid) – Sundiesel

Source WestLB Research

Tax incentives have been instituted to achieve the above target figures for each of the 

fuel types. For example, biodiesel is exempt from mineral oil tax in Germany until 2009 

(47 cent/litre) or natural gas, while having the same calorific value, is taxed about 80% 

less than petrol and about 70% less than diesel. 

In London, vehicles powered by natural gas are exempt from the city’s congestion 

charge. Like natural gas-powered vehicles, LPG-powered vehicles (liquid gas) also enjoy 

tax breaks. 
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fuels …  

… has considerable 

influence on emissions 

values 

Drawbacks of alternative 

fuels 

Tax incentive  



 

 

WestLB Squaring the circle

15 December 2005 36

Well-to-wheel analysis (WTW) 
Alternative fuels and conventional engine technologies can make a significant 

contribution to cutting emissions, but they can only represent an initial step. This is 

because the combination of processes leads to a variety of problems that have to be 

taken into consideration. Firstly, the engine technology makes the greatest contribution 

in the usage of the vehicle (tank-to-wheel). However, the energy and CO2 balance prior to 

the combustion of the fuel cannot be neglected (well-to-tank). 

WheeltoTankCOktantoWellCOWheeltoWellCO 222 ×=  

 kmkWhkWhCOg //2 ×  

The objective is to optimise the different possible combinations of combustion process 

and fuel. Joint Research Centre (JRC) calculations suggest that hybrid technology brings 

around a 25 g CO2/km reduction in emissions. According to these calculations, the 

hybrid combination of a hydrogen combustion engine generates the greatest energy 

efficiency improvement (-100% GHG emissions), which is ahead of that of a natural gas 

(CNG) combustion engine (-34% GHG emissions), followed by the diesel engine (-21% 

GHG emissions). 

Tank-to-wheel analysis – scenario 2010 
Engine / fuel combination Consumption GHG* emissions Change since 2002 (petrol engine)

 (l/100km) (as equivalent to g CO2/km) Energy (%) GHG* (%)

Petrol engine (conv. fuel injection)  

Petrol  5.90 140.3 -15 -16

Petrol with admixture of ethanol (95/5) 6.00 140.2 -15 -17

CNG bi-fuel 5.98 110.4 -14 -34

CNG 6.00 110.8 -14 -34

Hydrogen (gas) 5.21 0.5 -25 -100

Hydrogen (liquid) 5.21 0.5 -25 -100

Petrol engine (direct fuel injection)  

Petrol  5.84 138.8 -16 -17

Petrol with admixture of ethanol (95/5) 5.94 138.7 -16 -17

Diesel engine (direct injection and particle filter)  

Diesel 5.00 133.2 -20 -21

Bio diesel 5.49 138.8 -20 -17

Diesel with admixture of Bio-diesel (95/8) 5.02 133.9 -20 -20

BTL-Diesel 5.24 129.0 -20 -23

GHG: Green house gas                           Source JRC/EUCAR/CONCAWE

The figure clearly shows the advantages of ethanol and bio-diesel as an additive for 

conventional petrol and diesel engines. This is because the fuel consumption (tank to 

wheel) is only minimally worse, but the CO2 neutrality of the admixture considerably 

improves the CO2-WTW balance. Nevertheless, the increased use of fertilisers and 

pesticides must also be considered in the CO2 balance. The advantages of natural gas-

powered vehicles is also evident. 

Biodiesel is worse than conventional diesel in terms of fuel consumption (due to lower 

calorific value), but it has much better exhaust gas characteristics because it emits 6.4% 

less NOx and 26% fewer particulates. In addition, the emissions of hydrocarbons and 

carbon monoxide are 63% and 91% lower (Source: Shell). 
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Wheel to tank changes the picture  

However, the above approach only represents one factor in the equation. The second 

factor analyses the energy efficiency and the GHG efficiency of the fuel with regard to 

manufacture, transportation and storage. The figure below shows the combined figures 

for the currently available technologies. It can be seen that natural gas becomes far less 

attractive as soon as the transportation routes become too large. However, it should be 

noted that the well-to-wheel analysis only targets the greenhouse gas effect and does not 

deal with other emission problems like acidity, toxicity, etc. 

Well-to-wheel analysis (in g CO2/km) 
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Granting tax breaks for additives in diesel and petrol will permit the admixture targets 

described above (see table p 15) to be achieved, in our view. Recently, there has also 

been evidence of great activity with regard to the penetration of natural gas-powered 

vehicles. At the current crude oil price, these alternatives appear attractive enough to 

offset the fact that natural gas-powered vehicles consume more fuel. We assume that 

both natural gas engines and hybrid systems will not capture any significant market 

share during the period we have examined (up to 2008) and we have therefore not 

included them in the following cost analyse. 
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Manufacturers’ CO2 profile  

In our view, the ACEA’s voluntary commitment will not be achieved by 2008. In 

particular, the German manufacturers will probably not be able to meet the 

prescribed ceiling figures. However, since the definitive targets for each of the 

manufacturers are not known it is impossible to calculate the cost implication 

resulting from their non-compliance. In order to be able to analyse the various 

scenarios it is therefore necessary to know the manufacturers’ CO2 profiles. 

CO2 emissions by manufacturer, as at 2004 (in g CO2/km) 
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The CO2 profiles of the manufacturers 

The CO2 profiles of the individual manufacturers are crucial to be able to generate 

scenario analyses with regard to the proportion of diesel-powered vehicles and unit sales 

volumes. Focusing mainly on emissions allows meaningful statements to be made about 

the volume distribution of individual engines and the difficulty and cost intensity that is 

involved in the future reduction of CO2 emissions. For example, the distribution aspect 

allows the conclusion to be drawn that a uniform reduction of CO2 emissions across all 

manufacturers by, say, 20% is easier for BMW than for DCX and easier for Renault than 

for Fiat, even though the absolute CO2 emissions would permit a contradictory 

conclusion to be drawn. 

In the case of BMW, the 1 and 3 series diesel engines clearly stand out (first peak of the 

profile curve). These engines have CO2 emission levels of 140-180 g CO2/km. Currently, 

BMW does not offer a single vehicle whose CO2 emission is less than 140 g/km. In 

contrast, DCX’s Smart boasts emission values of less than 140 g CO2/km. So 20% of the 

vehicles DCX sells in Western Europe already have CO2 emission values below 140 g 

Very different CO2 profiles 

Smart shines at DCX 
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CO2/km. However, the upper medium-sized and luxury sedan models (E-, S-, M- and R-

Class) have a significantly negative impact. 

BMW – volume weighted CO2 emissions  
(g CO2/km) 

 DCX – volume weighted CO2 emissions  
(g CO2/km) 

0%

5%

10%

15%

20%

25%

30%

35%

40%

<1
00

12
1-

14
0

16
1-

18
0

20
1-

22
0

24
1-

26
0

28
1-

30
0

32
1-

34
0

36
1-

38
0

>4
00

as percentage of sales

 

0%

5%

10%

15%

20%

25%

30%

35%

40%

<1
00

12
1-

14
0

16
1-

18
0

20
1-

22
0

24
1-

26
0

28
1-

30
0

32
1-

34
0

36
1-

38
0

>4
00

as percentage of sales

Source WestLB Research Source WestLB Research

The profiles of the mass manufacturers are quite different. In particular, Fiat's much 

stronger focus on the sale of sub-compacts is clearly recognisable. Fiat has the most 

favourable product portfolio in this respect, and 48% of its vehicles already have CO2 

emission values of less than 140 g CO2/km.  

Fiat – volume weighted CO2 emission  
(g CO2/km) 

 Renault – volume weighted CO2 emission  
(g CO2/km) 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

<1
00

12
1-

14
0

16
1-

18
0

20
1-

22
0

24
1-

26
0

28
1-

30
0

32
1-

34
0

36
1-

38
0

>4
00

as percentage of sales

 

0%

5%

10%
15%

20%

25%

30%

35%
40%

45%

50%

<1
00

12
1-

14
0

16
1-

18
0

20
1-

22
0

24
1-

26
0

28
1-

30
0

32
1-

34
0

36
1-

38
0

>4
00

as percentage of sales

Source WestLB Research Source WestLB Research

For Renault and Volkswagen, the Mégane family and the Golf platform are highly 

relevant both for the number of units sold and the CO2 emissions. This leads to only 10% 

of Volkswagen’s sales volume having CO2 emissions that are already below the 2008 limit 

of 140 g CO2/km. For PSA and Renault this figure is already 12% and 25%, respectively. 

On top of this, VW’s Golf platform emits 141-180 g CO2/km, and thus 69% of its overall 

unit sales fall into this emissions category.  

Fiat has the most 

favourable profile 

Golf platform over 140 g 

CO2/km 
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To change this, VW’s only option is to diversify its product portfolio to include smaller 

cars and increase its share of diesel-driven vehicles. As VW’s share of diesel cars in 

Europe on average is already more than 50%, it will be very difficult for it to reduce its 

CO2 emissions. 

PSA – volume weighted CO2 emission  
(g CO2/km) 

 VW – volume weighted CO2 emission  
(g CO2/km) 
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The Porsche engine with the lowest CO2 emission still reaches a level of 229 g CO2/km. 

The Cayenne family has CO2 emission values ranging from 324 g CO2/km to 385 g 

CO2/km. However, the curb weight of the Cayenne’s basic version alone comes to 2,235 

kg. With its current product portfolio it will therefore be extremely difficult for Porsche to 

be able to even remotely achieve emission levels that come close to the ACEA targets. 

Porsche – volume weighted CO2 emission (g CO2/km) 
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Some scenarios for reduction in CO2 emissions 
Scenario: is 100% diesel share a solution? 

Diesel-powered cars sold in the German market emit 7.2% less CO2 on average than 

petrol-driven vehicles. The average CO2 emission of a diesel car in Germany is 167.6 g 

CO2/km compared to 179.7 g CO2/km emitted by cars running on petrol. Increasing the 

proportion of diesel cars from an average of around 35% in Germany (in 2001) to its 

current figure of around 49.7% reduced CO2 emissions by only about 1% (based on a 

constant mix ratio (WLBe). Even if the share of diesel-powered cars were 100%, CO2 

emissions in Germany would still be 167.5 CO2/km (it is currently 173.7 g CO2/km) and 

thus only 3.6% lower than it is now. As this would still fall short of the limit of 140 g 

CO2/km, this would therefore not be an effective solution to the problem.  

CO2 emissions – dependency on diesel share  CO2 emissions – dependency on hybridisation 
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Scenario 2 

The average of 140 g CO2/km required for the industry could, however, be achieved on 

the following assumptions: improving fuel consumption by 15% for all manufacturers 

across the board. The share of diesel-driven cars has an appreciable effect on CO2 

emissions, but this should not be overestimated. A complete changeover in engine 

technology from the petrol to the diesel engine would reduce CO2 emissions by 6.8%. 

This assumes that previously only petrol engines (100%) were deployed and that these, 

without exception (100%), are replaced by diesel engines (WLBe). 

Scenarios for particular manufacturers  

For example, for Fiat, increasing the proportion of diesel cars would only have a small 

effect. If the diesel share of Fiat’s new registrations in Germany were to rise from 

currently 27.5% to 100%, the CO2 emissions of the vehicles affected would only be 

reduced by 1%. In contrast, increasing BMW’s share of diesel-driven cars by 10% alone 

would improve CO2 emissions by 0.7%. The main reason for this is the average weight of 

the vehicle fleet.  

Diesel emits 7.2% less 

CO2  in Germany 

ACEA regulation is 

achievable by cutting fuel 

consumption by 15% 

Proportion of diesel cars 

has very different effects 
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The average weight of a car manufactured by BMW is 1,572kg (WLBe), whereas, on 

average, a Fiat weighs in at only 1,269kg (WLBe). Hence, increasing the degree of 

efficiency of Fiat cars leads to a lower reduction in fuel consumption than that of BMW. 

If we were to disregard VW’s ventures into the luxury car and SUV segments (Phaeton 

and Touareg), according to our calculations the company’s CO2 emissions would drop 

from 167.4 g CO2/km to 165.2 g CO2/km. However, if Volkswagen were to sell cars up to 

the superior medium-sized segment, then VW’s CO2 emissions would only amount to 

158.9 g/km. All in all, however, it can be said that VW would have faced great difficulties 

in fulfilling the planned target of 140 g CO2/km - even with its vehicle mix from 1995. 

ACEA voluntary commitment not feasible under current conditions  

As the various scenarios show, in our view, compliance with the ACEA voluntary 

commitment of 140 g CO2/km is not possible to put into practice. Given the current mix 

trend and the average vehicle weights at present, such a significant improvement in CO2 

emissions in the coming three years is not feasible. 

Volkswagen: difficult to 

achieve 140 g CO2/km 

even if mix is left 

unchanged 
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Costs for the manufacturers 

The key question for investors is: what impact will these regulatory changes have on 

manufacturers’ profits? According to estimates from the consulting firm of Arthur D. 

Little (ADL) the additional costs of complying with Euro 5 amount to roughly €4,000 

per vehicle. Ford estimates that additional costs run to €5,000-10,000 per vehicle to 

meet future emission guidelines.  Volkswagen puts the additional costs required to 

comply with Euro 5 at roughly €1,000 per vehicle. 

We have therefore compiled detailed data to facilitate a more exact analysis of the impact 

of the new standards on the cost base of individual manufacturers. We differentiate 

between compliance costs for the Euro 5/Tier 2 standards and those for the ACEA 

voluntary commitment/CAFE. 

We have therefore defined the following conditions: 

& All manufacturers’ vehicle fleets must satisfy the ACEA’s voluntary target of 140 g 

CO2/km. 

& All manufacturers’ vehicle fleets must satisfy the CAFE requirements. 

& All vehicles sold in Europe must comply with Euro 5. 

& All vehicles sold in the US must meet the Tier 2 emission standards. 

A key issue is which segment and engine mix meets the different standards listed above? 

Euro 5 and Tier 2 simplify this issue, as they apply to all vehicles. The CAFE requirement 

is also straightforward as it is directed at specific manufacturers and not to industries. 

The ACEA voluntary agreement is more difficult to assess, however. 

The ACEA argues that the self-obligation agreeing to 140 g CO2/km was based on the 

model mix at that time (agreed in 1999) and thus no longer applies to the current vehicle 

mix. On the other hand, fiscal policy measures are being discussed to deliver further 

reduction in CO2 emissions. According to the latest estimates, no European 

manufacturers (not even small-vehicle manufacturers such as PSA, Renault and Fiat) 

have succeeded in complying with the ACEA voluntary agreement. 

Our approach: a thorough examination of all emission 
standards 
In this report, we also estimate the future compliance costs up to 2008 associated with 

all environmental regulations in Europe and the US for European automobile 

manufacturers. 

The underlying hypothesis is broadly based on studies of the National Research Council, 

the German Federal Environmental Agency, the European Union, Reinhard Kolkes, and 

information from the NHTSA (National Highway Traffic Safety Administration). 

Serious impact of segment 

and engine mix 

ACEA’s focus is on model 

mix 

Include all emissions 

standards in the analysis  
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The focus of our study is on the cost impact of compliance with CO2 regulations within 

the scope of the ACEA voluntary agreement in Europe, as well as the CAFE requirements 

in the US, including the conversion to Euro 5 standards and compliance with Tier 2 in 

the US. This is the first combined report of its kind devoted specifically to manufacturers’ 

costs. 

We confine ourselves to petrol and diesel technology, as alternative fuel concepts such 

as hybrid technology are not likely to capture a significant market share by 2008, in our 

view. The diesel share in particular severely impacts manufacturers’ costs. Furthermore, 

as costs vary according to vehicle segment, we have classified automobile models by size 

into five segments (compact, mid-size, upper mid-size, full size and light commercial 

vehicles). 

This study estimates the cost to the European market of CO2 output reduction to 140 g 

CO2/km within the scope of the ACEA voluntary agreement, as well as the cost of 

compliance with Euro 5. 

We also consider the American market cost of compliance with the CAFE requirement, 

which regulates the maximum allowable average vehicle fuel consumption (by 

manufacturer). Furthermore, we calculate the compliance cost for the national emission 

standard, Tier 2. The table “CAFE standards for passenger vehicles“ on page 15 

illustrates the underlying assumptions made here. 

For each automobile segment, we quantified the cost of emission or fuel consumption 

reduction within the scope of the ACEA voluntary agreement in addition to the 

compliance cost for the CAFE requirement by deriving a cost function corresponding to 

an independent parameter expressed as the emission/consumption value (gallon/100 

miles) in excess of the 140 g CO2/km target. Accordingly, costs rise in tandem with 

increasing consumption values over and above the emission target. 

The cost for each segment is based on segment-specific, volume-weighted cost 

functions, thereby permitting a differentiated cost estimation depending on the specific 

diesel share of each vehicle fleet. 

We abstracted underlying cost elements on which to base compliance costs under Euro 5 

and Tier 2. For petrol engines, we assumed the same cost elements for all three 

segments, whereas they varied from segment to segment for diesel engines. 

Upgrade costs to meet Euro 5 are derived from the individual cost elements, which are 

weighted based on both the number of vehicles per manufacturer to be upgraded from 

Euro 4 to 5 and the segment-specific volumes. For the final cost estimation, we 

differentiated between the shares of petrol and diesel engines in each segment. 

Compliance costs under Tier 2 are derived from the individual segment-specific, volume-

weighted cost elements and once again differentiated according to diesel and petrol 

share. 

Total costs for individual manufacturers are obtained by totalling the previously 

identified cost components, i.e. compliance costs under the ACEA voluntary agreement, 

Our study covers 

ACEA/CAFE and Euro 

5/Tier 2 

Segment-by-segment 

examination 

Europe: ACEA and Euro 5 

US: CAFE and Tier 2 

Target: 140 g CO2/km for 

all manufacturers 

Volume-weighted cost 

assumptions 

Cost elements underlying 

Euro 5 and Tier 2 

assumptions 

Differentiation between 

diesel and petrol engines 

Segregated Tier 2 analysis 

Total costs 
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CAFE requirements, Tier 2 standards and upgrades to Euro 5. The results are 

summarised in the following table. As the table shows, compliance with Euro 5 is only 

marginally more cost-effective for some manufacturers than is conformance with the 

ACEA commitment. 

The main objective of this study is to provide segregated estimates of automobile 

industry costs for the reduction of CO2 and other emissions. As noted above, there is a 

trade-off inherent to the combustion process, whereby either fuel consumption and CO2 

are reduced (using diesel technology, for example) or other emission components are 

optimised. As both are not possible simultaneously, cost-intensive aftertreatment 

emission control is necessary for combustion engines. 

In principle, a higher diesel share of the vehicle fleet means lower compliance costs 

under the CAFE requirements and ACEA voluntary agreement, on the one hand, but 

higher compliance costs under Tier 2 and Euro 5, on the other. However, a comparison 

of individual manufacturers also reveals significant differences among company profiles, 

as well as from manufacturer to manufacturer regarding the impact of the new emission 

standards. 

Our findings – costs per manufacturer 
According to our calculations, the ACEA commitment represents a lower cost barrier to 

some manufacturers than does the recently proposed Euro 5 standard. By 2008 BMW’s 

product costs are expected to increase by €632m. Additional compliance costs, not 

counting the ACEA voluntary agreement, amount to an estimated €235m overall, or €195 

per vehicle. In terms of the potential impact on the EBIT margin, this effect is roughly 

equivalent to that of higher raw material costs in 2005. Our estimate indicates an EBIT of 

€4,180m for 2007, and this impact would correspond to an earnings loss of 15.1%. 

Incremental compliance costs for emission regulations 

Manufacturer Total cost (in €m) Cost/vehicle Euro 5 ACEA Tier 2 CAFE

BMW 632 523 141 329 52 2

Renault 466 187 132 55 0 0

Porsche 181 2,357 52 2,132 64 108

PSA 555 164 122 42 0 0

Fiat 284 161 109 52 0 0

DaimlerChrysler 1,186 684 136 335 211 3

VW Group 1,131 220 122 85 13 0

Source WestLB Research 

Segregated cost estimates 

for CO2 and other emission 

standards 

Higher diesel engine 

upgrade costs for Tier 2 
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Incremental cost burden by emission standard (€/vehicle) 
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BMW: Premium translates into a higher amount of CO2 exhaust 

Two trends are very apparent at BMW: a heavy average vehicle weight (high mix share 

in the full-size and upper mid-size classes) and high diesel share (in some cases upwards 

of 75% per segment). BMW already has the highest share of Euro 4-compliant engines. 

However, the cost impact of ensuring that the segment and diesel mix fall within the 

prescribed Euro 5/Tier 2 and CO2 requirements is negative. 

Volkswagen: high diesel share and lowest fitment rate of particulate filters 

Volkswagen has the highest average diesel share of all mass manufacturers (roughly 

50%). In addition, only an estimated 48% of Volkswagen’s models are standard-

equipped with particulate filters. As a result, among the mass manufacturers our 

estimated compliance costs for VW are highest, with a doubly negative impact on the 

cost basis likely due to the high diesel share and lower percentage of standard-equipped 

particulate filters. 

DaimlerChrysler: US exposure and high diesel share in Europe 

Although DCX could spread the costs over a higher unit volume than its competitor 

BMW, we assumed that emission control costs will be borne by the relevant Mercedes 

Car Group and Chrysler Group divisions and that no synergy effects will be created 

between the groups. Mercedes Benz has a similar profile and hence similar costs to 

those of BMW in Europe and also even higher per vehicle compliance costs under Tier 2 

in the US. We consider that DCX will probably not be able to realise economies of scale 

in this segment or in the truck engine segment. 

PSA: lack of US exposure is positive – smallest share of Euro 4 engines 

Although PSA has successfully marketed its FAP (filtre à particules) and achieved 

customer recognition for very clean diesel technology, the company has the smallest 

share of Euro 4-compliant engines. 

High diesel share and high 

share of luxury sedan 

models 
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US unit sales boost costs 

for petrol vehicles 

PSA’s estimated costs for 

Euro 4 upgrade were 

€160m/vehicle 



 

 

WestLB Squaring the circle

15 December 2005 48

Despite its particulate filter equipment, this puts PSA at a cost disadvantage with regard 

to the Euro 5 conversion because its current engine technology is behind that of other 

manufacturers. 

PSA estimated its costs for the Euro 4 upgrade at €275m (with a fleet of 1.7m, this comes 

to €160 per vehicle). This cost estimate seems realistic for the Euro -5 upgrade as well. 

Fiat: low diesel share and high compact vehicle share are positives 

Fiat benefits from two advantages. Fiat’s lowest diesel share (26%) and highest share of 

compact vehicles (roughly 65%) should translate into the lowest absolute compliance 

costs per vehicle. On the other hand, as Fiat has the weakest pricing power in our view, it 

will be difficult to pass on additional costs to its customers. 

Porsche: meeting CO2 limit not feasible for Porsche 

As expected, Porsche’s costs per vehicle of €2,357 are the highest. The average CO2 

emission output is 305 g/km. The Porsche Cayenne’s CO2 emission output of an 

estimated 350.9 g/km is particularly detrimental to the manufacturer’s profile. Diesel 

technology would be of little avail as the base value is simply too high to even begin to 

approach the CO2 limits in the US and Europe. The use of hybrid technology appears to 

be a plausible solution under the circumstances, as it ranks high among the CAFE 

advocates and has a very positive impact on the CAFE average in the US, particularly 

with the CAFE gas mileage requirement of 22.2 mpg for SUVs in 2008 to be raised to 

24.5 mpg by 2012.  

Renault: compact French vehicle 

Due to strong volumes in entry-level segments (roughly 90% of unit sales in the compact 

and mid-size classes) and a smaller diesel share (roughly 36%), Renault has a similar 

cost profile to that of Fiat and PSA. However, the alliance with Nissan has enabled 

Renault to gain a strong competitive advantage. The compliance costs for petrol engines 

can be spread over the combined unit volumes. Nonetheless, the positive impact of the 

Nissan alliance is likely to be negligible in terms of the diesel compliance costs. 

Low costs but weak 

pricing power 

Porsche’s hybrid 

technology to meet CAFE 

requirement 

Low diesel share and high 

share of compact vehicles 



 

 

WestLB Squaring the circle

15 December 2005 49

Sales data by manufacturer and segment - 2004 

 Volkswagen DaimlerChrysler BMW Renault Porsche Peugeot Fiat

Sales units (vehicles)  5,143,000 3,915,494 1,208,732 2,489,401 76,827 3,375,300 1,766,000

of which western Europe (vehicles) 2,751,620 821,000 707,012 1,812,044 37,399 2,424,700 1,193,000

of which USA (vehicles) 337,166 2,527,000 296,521 - 32,763 - -

Market share by segment    

Compact 24.55 11.10 15.26 38.19 0.0 41.31 64.76

Mid-size 46.30 11.71 3.25 51.01 0.0 39.09 23.86

Upper mid-size 17.22 39.44 40.45 7.18 16.9 17.15 8.90

Full size 7.33 29.58 24.70 3.62 31.1 2.45 2.48

Light-duty vehicle (SUV) 4.60 8.17 16.33 0.00 52.0 0.00 0.00

Diesel share by segment (%)    

Compact 18.21 22.42 8.16 10.43  38.77 11.44

Mid-size 57.22 50.57 78.67 44.87  51.50 36.77

Upper mid-size 72.27 39.45 42.01 29.74  55.93 58.09

Full size 76.12 64.76 59.96 78.96  76.00 69.22

Light-duty vehicle (SUV) 91.34 70.89 82.33 0.00  0.00 0.00

CO2  emission Europe – diesel (g CO2/km)     

Compact 125.8 102.2 129.0 112.5  143.9 125.3

Mid-size 151.1 140.7 151.1 141.3  139.9 150.5

Upper mid-size 162.9 171.3 159.7 188.8  160.1 167.7

Full size 194.9 181.8 212.4 236.5  189.5 202.3

Light-duty vehicle (SUV) 257.6 251.7 241.6   

CO2  emission Europe – petrol (g CO2/km)     

Compact 147.9 128.0 171.3 142.9  151.1 138.8

Mid-size 173.1 158.6 177.8 173.3  188.1 184.5

Upper mid-size 210.3 214.7 197.9 187.0 242.8 190.8 216.6

Full size 256.4 245.8 246.5 252.1 282.9 236.4 261.7

Light-duty vehicle (SUV) 316.8 325.7 295.7 0.0 350.9 0.0 0.0

Euro-4-compliance share    

Compact 89 93 75 87 0 48 88

Mid-size 94 64 100 59 0 45 42

Upper mid-size 92 93 86 89 100 69 63

Full size 66 78 100 64 50 29 25

Light-duty vehicle (SUV) 64 55 89 0 100 0 0

Source WestLB Research 
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Cost curves for consumption reduction in new passenger vehicles 

-

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

0.0 1.2 2.4 3.5 4.7

Reduction fuel consumption (l/100 km)

Small cars Upper mid-size cars

Luxury class Lower mid-size cars

Light commercial vehicles

€

Source National Academy of Sciences

Costs: ACEA vs. CAFE 
To estimate the costs of achieving reduced consumption, we applied the method 

developed by the National Academy of Sciences, which is based on the assumption that 

manufacturers will choose the most cost-effective CO2 reduction measures. Accordingly, 

the cost curves are drawn from a wide range of individual measures. 

We differentiate among vehicle segments, since it is significantly more straightforward 

and cost-effective for a large vehicle than it is for a compact car to achieve the same 

consumption reduction. For example, in order to achieve a consumption reduction of 1 

litre per 100 km a BMW X5 is fitted with a variable air intake, whereas to achieve the 

same reduction for a Smart Fortwo is substantially more labour and cost-intensive. The 

corresponding cost curves are shown above. Accordingly, a consumption reduction of 

2.4 litres per 100 km costs an additional estimated €500/vehicle for SUVs versus €1,250 

for the small-vehicle segment. 

Our view is that the 140 g CO2/km requirement will not be met by ACEA members on 

average. We believe the EU Commission should therefore introduce a similar limitation 

to that of the CAFE requirements. We expect that the introduction of a 140 g/km average 

CO2 emission level for vehicle fleets would be an absolute worst-case scenario for the car 

manufacturers. 

All manufacturers would be required to comply with this emission target requirement if 

and when it is introduced, i.e. manufacturers with the absolute highest levels would be 

hit the hardest even if the most straightforward solution for these manufacturers would 

be a relative upgrade. 
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Cost burden of meeting ACEA commitment and CAFE requirements 

Group ACEA commitment (€/vehicle) CAFE requirement (€/vehicle)

BMW 329 2

Renault 55 0

Porsche 2,132 108

PSA 42 0

Fiat 52 0

DCX 335 3

VW 85 0

Source WestLB Research  

According to our calculations, Porsche’s compliance costs for this standard come to 

€2,132/vehicle compared to additional costs of only €42/vehicle for PSA. Accordingly, 

(based on our assumptions) PSA’s compliance costs for Euro 5 would be three times as 

high as for the ACEA commitment. For Porsche, ACEA compliance costs would be higher 

by a factor of 41. This serves to illustrate the diametrical relationship between the two 

standards and the varying degrees to which the manufacturers are affected. 

Cost burden by CO2 measures (€/vehicle) 
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CAFE: no significant influence 

Our assumption for the US calls for a proportion of diesel-powered vehicles ranging from 

5% to 15% depending on the vehicle segment (from 5% for sub-compacts to 15% for 

SUVs). Except for Porsche, we do not expect any manufacturer should experience any 

major negative cost effects as a result of the CAFE regulation. Our calculations assume 

that the CAFE limits for passenger cars will remain at 27.5 mpg until 2008 and that the 

CAFE limit for light commercial vehicles will be raised to 22.2 mpg (target value: 24.5 

mpg by 2012 – we assume a linear progression between 2005 and 2012).  

The new Energy Bill rejected the plan to increase the CAFE limits to 33 mpg. According 

to our projections, only Volkswagen and Porsche will fail to meet the limit of 22.2 mpg 

for light commercial vehicles. However, this will apply to only a very small number of 

units for Volkswagen so that overall the additional costs would only amount to around 
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€0.3m. In contrast, it is becoming apparent why Porsche is putting a hybrid version of its 

Cayenne on the market by 2008, as the costs amount to around €108 per vehicle, which 

is still low compared to the overall costs. In absolute terms, the additional costs amount 

to around €8.3m However, if the limit increases to 24.5 mpg by 2012 this would incur 

additional costs of around €6.5m for the technological implementation. 

What makes a diesel engine more expensive than a petrol engine? 

Diesel engines emit higher NOx and PM concentrations than petrol engines. It is for this 

reason that a diesel engine definitely has to be equipped with a particulate filter, and 

beyond a certain size, a DeNOx filter is also necessary to be able to meet the Euro 5 

standard. We assume a particulate filter to cost €100 per unit. Large vehicles need a 

DeNOx filter, and that is why it costs more to make a medium-sized or large vehicle Euro 

5-compliant. In addition, engine-related expenses are also necessary to minimise fuel 

consumption. Overall, the costs for meeting the Euro 5 standards are estimated by the 

Federal Environmental Agency at between €200 and €400 per diesel engine. 

It is interesting to note that the costs for meeting the Euro 5 standards increase, as it 

aims to limit nitrogen oxides and particulate matter. This is because, in our view, for a 

diesel engine to be Euro 5-compliant, the following components would have to be added 

on: a particulate filter, a DeNOx catalytic converter, and Exhaust Gas Recirculation 

(EGR). A NOx catalytic converter is also necessary for a petrol engine with direct fuel 

injection. EGR technology alone should be sufficient for a regular petrol engine with 

conventional fuel injection. SCR (selective catalytic reduction) technology will probably 

have to be used on diesel-powered vehicles to comply with the US Tier 2 regulation. 

Costs and comparison of diesel exhaust aftertreatment systems 
(€/vehicle)  Concepts

System component PM filter/DeNOx Zeolith, DeNOx Zeolith, SCR DeNOx/PM combination

Manufacturer Mercedes-Benz Mercedes-Benz Toyota

Exhaust system 65 65 65 65

Particulate filter 153-307  

Zeolith catalytic converter 128-153 128-153 

DeNOx 77-102 77-102  

SCR 139-153 

DeNOx/PM  128-153

Other 71-81 36-46 46 46

Total costs 366-555 306-366 378-418 239-264

Source German Federal Environmental Agency 

Looking at the cost elements for exhaust aftertreatment systems, broken down by diesel 

and petrol engines, confirms the very different cost structures. The DeNox/PM 

combination appears to be the cheapest solution for diesel-powered vehicles, but it is 

also the most technologically demanding.  

According to our information, Toyota, with its D-CAT, is currently the only manufacturer 

that can offer such a system. Realistically, the costs for the exhaust aftertreatment of a 

diesel engine to ensure that it meets the Euro 5 standards are roughly between €200 and 

€400. 
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Compared to the costs associated with a diesel engine as described above, the costs 

incurred for a petrol engine are relatively low. The cost elements represent the additional 

costs compared to the Euro I regulation. We assume that around 80% of these costs 

were already incurred to meet the Euro 4 standards. We estimate the total costs to be 

between €220 and €710, thus resulting in incremental costs for Euro 5-compliance of 

around €50 to €140. 

Costs for the emission optimisation of petrol engines 
System Exhaust reduction compared to Euro I Costs

 CO2 (%) HC (%) NOx (%) €/vehicle 

Optimised catalytic converter 70-85 60-80 10-20 100-180

Bypass system 0 60-75 0 75-100

Secondary air 20-50 20-50 0-10 100-180

Enhanced exhaust recirculation 0 5-10 40-60 20-45

Variable suction manifold 0 0 Until 80 50-80

Variable valve control 70-85 60-80 Until 60 75-125

Source WestLB Research, Kolke 

We cautiously assume that additional costs for Euro 5 run to around €100. In our view, 

there is a relatively high likelihood that these additional costs will be lower. Meeting the 

Tier 2 standard will require enhanced exhaust recirculation, prompting us to raise our 

estimated Tier 2 costs by around 50% (i.e. €150 per vehicle). 

Costs: Euro 5 vs. Tier 2 
While the costs for the optimisation of CO2 emissions show very strong fluctuations 

depending on the model mix and the proportion of diesel-powered vehicles, the Euro 

5/Tier 2 costs are easier to forecast, in our view. We believe that Fiat has the lowest costs 

with regard to refitting vehicles to meet Euro 5 standards, which is due to a low share of 

diesel vehicles, a high share of sub-compacts as well as the already high share of 

particulate filters.  Despite the fact that Volkswagen already has the highest proportion of 

Euro 4 engines, the low share of particulate filters leads to costs per vehicle that, in 

Europe, are comparable to PSA and Renault. In combination with the costs necessary to 

refit vehicles for Tier 2, Volkswagen even incurs the highest costs per vehicle in the mass 

manufacturing segment. 

Compliance costs for Euro 5/Tier 2 standards 

Group Euro 5 (€/vehicle) Tier 2 (€/vehicle)

BMW 141 52

Renault 132 0

Porsche 52 64

PSA 122 0

Fiat 109 0

DCX 136 211

VW Group 122 13

Source WestLB Research estimates 

For DCX, the high costs of the US market stand out. We have assumed here that the 

proportion of diesel-powered vehicles, depending on the segment, is between 5% 

(compact) and 15% (SUV). The costs consist of the, in our view, higher costs for Tier 2 
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and the higher proportion of diesel-powered vehicles, as well as the high mix share of 

heavy/large vehicles both in Europe and in the US. 

BMW has the highest expenses per vehicle for Euro 5 and Tier, which is due to the 

group’s high proportion of diesel-powered vehicles. However, we assume that the 

company will spread the costs for the petrol technology over the total unit sales achieved 

in its major markets (US and Europe). This could result in the costs for Tier 2 being 

slightly less than estimated, while the Euro 5 costs might be slightly inflated. The same 

applies to Porsche, which for this reason has a unit sales weighted cost burden. 

Incremental cost burden for Euro 5/Tier 2 emission guidelines (€/vehicle) 
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Significant impact expected on operating performance 

The estimated impact on manufacturers’ operating performance is based on our 

projected EBIT results for 2007. The new emissions guidelines are likely to reduce the 

manufacturers’ gross margins by an average of around 1%. Estimated costs to 

manufacturers range from 0.6% (Fiat) to 2.5% (Porsche) of aggregate sales. 

This is currently not reflected in our estimates, as these product costs would arise as of 

2008 at the earliest. It is clearly apparent that the German premium manufacturers BMW 

and Porsche will be disproportionately affected, whereas among the mass manufacturers 

Volkswagen will probably have the highest increase in costs. Moreover, this will be 

reinforced by the high number of engine models offered by VW and DCX. Taking this 

into account, both Fiat and PSA appear to us to be more attractive. 
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Estimated costs versus projected operating results (based on 2007E) 

€m BMW DCX Fiat Porsche PSA Renault Volkswagen

Sales 50,558 156,915 50,419 7,273 59,710 44,188 95,290

EBIT 4,180 7,960 1,956 1,162 2,194 1,769 3,900

EBIT margin (%) 8.3 5.1 3.9 16.0 3.7 4.0 4.1

Costs 632 1,186 284 181 555 466 1,131

Costs/EBIT (%) 15.2 14.9 14.5 15.6 25.2 26.3 29.0

Costs/sales (%) 1.3 0.8 0.6 2.5 0.9 1.1 1.2

Source WestLB Research estimates 

Sector overview 

€m 2001A (y-o-y

in %)

2002A (y-o-y

in %)

2003A (y-o-y

in %)

2004A (y-o-y

in %)

2005E (y-o-y

 in %)

2006E (y-o-y

in %)

2007E (y-o-y

in %)

Sales 456,336 1.8 455,462 -0.2 434,141 -4.7 453,741 4.5 469,909 3.6 489,733 4.2 498,613 1.8

EBITDA 44,322 -12.1 49,143 10.9 45,488 -7.4 57,819 27.1 53,353 -7.7 63,977 19.9 75,894 18.6

EBITDA margin (%) 9.71 10.79 10.48 12.74 11.35 13.06 15.22

EBITA 12,033 -32.2 17,395 44.6 14,837 -14.7 25,558 72.3 18,621 -27.1 27,754 49.0 38,664 39.3

EBIT 11,550 -32.3 16,895 46.3 14,425 -14.6 25,228 74.9 18,772 -25.6 27,903 48.6 38,811 39.1

EBIT margin (%) 2.53 3.71 3.32 5.56 3.99 5.70 7.78

Pre-tax profit 9,940 -40.2 15,180 52.7 10,694 -29.5 15,552 45.4 20,801 33.7 23,991 15.3 27,205 13.4

Net income 6,333 -38.7 10,128 59.9 5,579 -44.9 10,443 87.2 14,787 41.6 16,578 12.1 18,616 12.3

Net margin (%) 1.39 2.22 1.29 2.30 3.15 3.39 3.73

Source WestLB Research estimates 

Sector overview 

€m 2001A 2002A 2003A 2004A 2005E 2006E 2007E

EV/sales (%) 41 29 37 36 38 36 34

EV / EBITDA 4.2 2.7 3.5 2.8 3.4 2.8 2.2

EV / EBITA 15.4 7.6 10.8 6.4 9.6 6.4 4.4

EV / EBIT 16.1 7.8 11.1 6.5 9.6 6.4 4.4

P/E 20.8 10.2 19.2 12.3 12.1 10.8 9.2

P/CE 4.2 2.6 3.2 3.5 4.3 4.1 3.8

Price/ book value 1.2 0.9 1.1 1.1 1.3 1.2 1.1

Source WestLB Research estimates 



 

 

WestLB Squaring the circle

15 December 2005 56

Sector overview 

€m 2000A 2001A 2002A 2003A 2004A 2005E 2006E 2007E

Earnings     

BMW 37,226 38,463 42,411 41,525 44,335 46,516 49,058 50,558

Daimler Chrysler 162,384 152,873 149,583 136,437 142,059 149,114 155,895 156,915

Fiat 57,603 57,575 55,427 48,346 46,488 45,491 48,516 50,419

PSA 44,181 51,663 54,436 54,407 56,105 56,729 58,314 59,710

Renault 40,175 36,351 36,336 37,525 40,292 41,512 42,928 44,188

Volkswagen 83,127 88,540 86,948 84,813 88,963 91,310 93,725 95,290

Porsche 3,648 4,441 4,857 5,582 6,359 6,558 7,134 7,273

Volvo AB 130,070 189,280 186,198 183,291 210,401 238,456 248,652 246,320

Scania 51,398 53,065 47,285 50,581 56,788 61,564 64,988 68,214

EBIT     

BMW 2,065 3,356 3,505 3,353 3,745 3,649 3,795 4,180

Daimler Chrysler 4,320 (1,456) 4,116 3,412 4,612 3,377 6,775 7,960

Fiat 855 318 (762) (510) 22 859 1,446 1,956

PSA 1,916 2,555 2,490 2,180 2,110 1,553 1,882 2,194

Renault 1,703 704 1,217 1,234 1,872 2,057 1,599 1,769

Volkswagen 4,024 5,424 4,761 1,605 1,620 2,490 3,300 3,900

Porsche 422 543 793 901 1,041 1,063 1,136 1,162

Volvo AB 6,154 1,726 2,346 5,883 13,343 19,407 19,508 17,919

Scania: 4,548 2,130 3,525 4,743 5,875 6,772 7,604 7,299

EBIT margin (%)     

BMW 5.55 8.73 8.26 8.07 8.45 7.84 7.74 8.27

Daimler Chrysler 2.66 -0.95 2.75 2.50 3.25 2.26 4.35 5.07

Fiat 1.48 0.55 -1.37 -1.05 0.05 1.89 2.98 3.88

PSA 4.34 4.95 4.57 4.01 3.76 2.74 3.23 3.67

Renault 4.24 1.94 3.35 3.29 4.65 4.96 3.73 4.00

Volkswagen 4.84 6.13 5.48 1.89 1.82 2.73 3.52 4.09

Porsche 11.57 12.23 16.33 16.14 16.38 16.21 15.93 15.97

Volvo AB 4.73 0.91 1.26 3.21 6.34 8.14 7.85 7.27

Scania: 8.85 4.01 7.45 9.38 10.35 11.00 11.70 10.70

Source Companies, WestLB Research estimates 
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Valuation overview (as per 8 December 2005) 

€ BMW DCX Porsche VW Fiat PSA Renault Volvo Scania Sector

Ordinary shares 36.68 42.53 631.84 45.20 6.89 50.75 71.85 325.00 260.50

Preferred shares 31.99 631.84 33.63 5.91 336.00 262.00

Other shares 6.37  

EPS 04A 3.30 2.43 38.80 1.75 -1.61 7.12 11.13 22.35 20.39

EPS 05E 3.22 2.78 40.89 2.35 1.11 5.61 13.23 35.44 24.18

EPS 06E 3.52 4.31 53.54 3.90 0.58 7.14 11.45 33.62 27.38

EPS 07E 3.74 5.07 58.70 6.44 0.85 8.36 12.21 30.92 26.56

JCF consensus 05E 3.30 2.40 43.2 2.56 0.49 6.30 12.10  

JCF consensus 06E 3.51 3.41 47.6 3.97 0.45 7.37 12.41  

JCF consensus 07E 3.74 3.75 52.3 5.52 0.65 8.70 12.86  

P/E 04A 10.1 14.5 13.8 19.0 -3.7 6.6 5.5 10.8 12.9 12.3

P/E 05E 11.4 15.3 15.5 19.3 6.2 9.0 5.4 9.2 10.8 12.1

P/E 06E 10.4 9.9 11.8 11.6 11.8 7.1 6.3 9.7 9.5 10.8

P/E 07E 9.8 8.4 10.8 7.0 8.1 6.1 5.9 10.5 9.8 9.2

CEPS 04A 8.6 13.6 84.4 4.9 1.27 20.9 19.5 50.0 38.7

CEPS 05E 8.9 14.2 66.0 5.3 3.75 19.5 22.3 61.9 40.8

CEPS 06E 9.6 15.7 88.0 5.8 3.11 21.3 20.7 63.5 44.0

EPS 07E 9.9 16.6 84.5 8.7 3.39 23.3 21.5 64.0 43.2

Share price/CEPS 04A 4.3 3.1 7.5 9.3 5.4 2.4 3.7 6.5 6.7 3.5

Share price/CEPS 05E 4.1 3.0 9.6 8.5 1.8 2.6 3.2 5.2 6.4 4.3

Share price/CEPS 06E 3.8 2.7 7.2 7.8 2.2 2.4 3.5 5.1 5.9 4.1

Share price/CEPS 07E 3.7 2.6 7.5 5.2 2.0 2.2 3.3 5.1 6.0 1.2

Dividend 04A 0.62 1.50 3.94 1.05 0.00 1.35 1.80 12.50 15.00

Dividend 05E 0.70 1.50 4.30 1.10 0.00 1.40 2.10 14.00 15.00

Dividend 06E 0.72 1.60 4.90 1.20 0.00 1.45 2.30 14.00 15.00

Dividend yield 05E (%) 1.9 3.5 0.7 2.4 0.0 2.8 2.9 4.3 5.8

Dividend yield 06E (%) 2.0 3.8 0.8 2.7 0.0 2.9 3.2 4.3 5.8

Book value 04A 26.0 33.1 128.8 62.2 4.3 54.7 63.1 165.8 105.3

Book value 05E 28.6 34.8 161.3 63.6 8.4 60.5 72.1 198.5 114.3

Book value 06E 31.4 37.6 205.0 66.5 8.6 66.0 81.5 224.0 126.7

Price/book value 04A 1.4 1.3 4.9 0.7 1.6 0.9 1.1 2.0 2.5 1.1

Price/book value 05E 1.3 1.2 3.9 0.7 0.8 0.8 1.0 1.6 2.3 1.3

Price/book value 06E 1.2 1.1 3.1 0.7 0.8 0.8 0.9 1.5 2.1 1.2

EV/sales 04A (%) 54 35 104 39 41 18 6 49 103 36

EV/sales 05E (%) 55 41 123 41 35 19 2 51 97 38

EV/sales 06E (%) 51 39 147 38 34 16 2 45 90 36

EV/sales 07E (%) 48 38 141 36 30 13 2 42 85 34

EV/EBITDA 04A 2.2 3.2 2.5 3.7 3.1 2.0 0.6 4.1 5.0 2.8

EV/EBITDA 05E 3.0 4.0 4.9 3.4 5.5 2.1 0.2 4.0 6.0 3.4

EV/EBITDA 06E 2.7 3.3 6.0 2.9 2.1 1.6 0.2 3.6 5.5 2.8

EV/EBITDA 07E 1.9 3.1 5.7 2.5 1.2 1.3 0.2 3.3 4.3 2.2

EV/EBITA 04A 3.6 10.8 3.2 21.2 4.8 4.3 1.3 7.1 6.9 6.5

EV/EBITA 05E 6.6 16.7 7.4 14.9 14.7 7.0 0.5 6.3 8.8 9.6

EV/EBITA 06E 6.2 8.7 9.0 10.9 2.8 4.9 0.6 5.8 7.7 6.4

EV/EBITA 07E 3.2 7.6 8.6 8.8 1.4 3.5 0.4 5.8 5.6 4.4

Market capitalisation 24,118 43,075 11,057 16,131 8,102 11,734 18,300 6,512 3,648 132,516

Market cap. as a % of sector 18.2 32.5 8.3 12.2 6.1 8.9 13.8 4.9 2.8 100.0

Enterprise value (2005) (€m) 25,409 61,182 8,037 37,138 16,042 10,863 927 13,249 6,501 159,598

EV as a % of sector 15.9 38.3 5.0 23.3 10.1 6.8 0.6 8.3 4.1 100.0

number of shares (m) 674 1,013 18 384 1,197 231 255 404 200

Source JCF consensus estimates, WestLB Research estimates 
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The auto sector from the extra-
financial risk perspective 

A general feature of the automotive sector is that its main product and the 

controversies associated with it play a much greater role than in other industries. 

Accordingly, the financial and extra-financial views are especially closely 

interrelated in this case. Besides consumption and emission issues, questions 

concerning the disposal of cars at the end of their lifecycle and active and passive 

safety are also assuming ever greater significance. PSA Peugeot is one of the leading 

manufacturers – and not just in many of these product-related categories. Our extra-

financial risk rating, which we have drawn up on the basis of information from SiRi 

Company, also shows that the company is 'best in class'. 

Extra-financial view – the product itself is in the 
spotlight 
In this report, we have examined how the upcoming changes in statutory consumption 

and emission guidelines in Europe and the US are likely to affect automakers' costs and 

margins. The issue is thus considered from a purely financial perspective. However, it is 

also undoubtedly high on the list of key factors that determine the sector's valuation from 

a CSR/SRI point of view. A general characteristic of the automotive sector is that there is 

a much greater focus on the product – namely cars – and the controversies associated 

with the product than in other industries. 

The reason is clear. Cars play a very significant role in shaping reality in industrial 

societies and emerging market economies – both in a positive and negative sense. They 

do so in a positive sense, because cars give the general public access to individual 

mobility. In turn, access to mobility means access to jobs, training possibilities and 

healthcare. It also means access to basic supplies of goods and services, recreational 

activities and other business, social and cultural offerings. Worldwide, the production of 

motorised vehicles has reached record levels in recent years. Since 2000, on average 

about 40m vehicles cars and about 15m light trucks have left the assembly lines each 

year. The number of vehicles worldwide has in the meantime probably grown to some 

530m – and one in four of these is in the US. However, mobility, which generally has 

positive connotations, is only one side of the coin.  

Cars as global and local environmental polluters 
About 40% of global CO2 emissions are attributable to road traffic. This clearly makes 

cars one of the main causes of climate change and, in view of the increasing motorisation 

in newly industrialising countries – notably China – this will continue to be the case in 

the future.  Besides this global environmental problem, the local environmental problems 

caused by cars and other motor vehicles play a considerable role in daily urban life. 

People living and working in conurbations are severely affected by noise and air 

pollution caused by road traffic. In the meantime, the link between respiratory diseases, 

Financial and extra-

financial views are closely 

interrelated 

Positive and negative 

product aspects 

Growing motorisation in 

emerging markets will 

become a huge problem 

Research analysts 

Dr. Hendrik Garz +49 (0)211 826 7563

hendrik.garz@westlb.de 

Claudia Volk +49 (0)211 826 8476

claudia.volk@westlb.de 

 

Sector sales 

Horst Schneider +49 (0)211 826 4774

horst.schneider@westlb.de 

 
 



 
 

 

WestLB Squaring the circle

15 December 2005 61

prolonged health problems and such air pollution is considered proven. The health 

problems emanating from fine dust particles, which are created mainly by diesel 

engines, dominated the headlines not long ago, for example in the German media. 

Besides the upcoming tightening of statutory consumption and emission regulations at 

local, national and international level, which this report considers in depth, companies 

are also faced with an increased liability risk in the shape of class-action lawsuits in the 

US. 

However, it is by no means just the consumption and emission issues that push the 

industry’s product into the foreground of extra-financial assessments of the automotive 

sector. One example is the question of disposal of vehicles at the end of their lifecycle. 

Although recycling rates are now very high in some countries, legislators are continuing 

to tighten regulations, especially in Europe. Innovative suppliers from the automotive 

industry are anticipating this trend and are cutting compliance costs or even benefiting 

from the trend. A further example is vehicle safety. 

Active and passive vehicle safety 
In the light of rising vehicle density and increasing traffic congestion, the focus is 

increasingly on vehicle safety, which is advancing to become an important competitive 

feature. Although legislation in numerous countries is becoming increasingly strict, it is 

mainly customers who are paying more and more attention to vehicle safety and 

demanding appropriate product characteristics. They therefore represent the driving 

force in this field. For example, the safety ratings developed by the European new car 

assessment programme (NCAP) are increasingly being cited as important buy 

arguments. However, weaknesses in this area (e.g. due to defective design or quality 

problems of certain components) can quickly damage reputations and have a negative 

impact on financials. Leading carmakers and suppliers have recognised that vehicle 

safety is becoming ever more important and are therefore positioning their products or 

individual brands in a strategically appropriate way to profit from this trend. 

According to the European NCAP ratings, BMW, Renault and Volkswagen are among the 

leading carmakers in product safety. PSA Peugeot and DaimlerChrysler receive above-

average ratings. By contrast, Porsche is given only a modest rating; as the company 

reveals little in the way of data on recalls, comparisons with competitors are not possible. 

Fiat can be considered a laggard base on NCAP ratings. With regard to passive vehicle 

safety (e.g. pedestrian safety), BMW and Fiat come out worst. Even the results for 

DaimlerChrysler, Renault and VW are below average, while Porsche is at least in line 

with the sector average and PSA Peugeot has an above-average rating. 

It pays to belong to the pioneers... 
The pioneers in the sector choose innovative ways to meet the challenges of exhaust and 

CO2-emissions, active and passive passenger safety and ever stricter requirements 

regarding vehicle scrapping. In the coming years, these initiatives are likely to help 

manufacturers lower their operating costs, enhance product quality and thus their brand 

reputation and ultimately strengthen their competitive situation. 
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Despite its undoubtedly exceptional significance, one should, of course, not only 

consider the product side in assessing extra-financial risks in the automotive sector. The 

so-called supply chain risks represent just the kind of topic that may generate enormous 

flow of controversies in the future as well.  

Employee issues and supply chain risks 
As carmakers are increasingly producing in lower-cost locations notably in Eastern 

Europe and China, doubts are also increasing as to the extent to which (1) this has a 

negative impact on the domestic labour market and (2) compliance with labour and 

environmental standards by manufacturers and suppliers in these countries can be 

ensured. The main danger facing companies is that they focus excessively on cost-

cutting potential and thereby neglect the longer-term risks to reputation. 

PSA Peugeot can be cited as a positive “best practice” example in this field. In the 

respective sub-component of our rating, which is based on information of our 

cooperation partner SiRi Company, the company is the top performer in the sector. For 

example, PSA Peugeot has guidelines and standards for worker-relevant themes in 

health and safety that take account of the core principles of the ILO (International Labour 

Organisation). BMW also stands out in this area. Both companies receive an A+ rating in 

our extra-financial risk navigator. In addition, PSA Peugeot is rated “best in class” and is 

therefore a member of our EFRIX-Balanced Leaders Index that includes 18 companies. 

The following section provides an overview of our ratings in the European auto sector. 

The automobile sector in the mirror of the extra-
financial risk navigator 
If one considers the results of our extra-financial ratings, it is clear that the automotive 

sector's performance (average score: 0.62) is above-average. The sector has the third-

best rating after Basic Resources and Utilities. Even the worst rating within the sector is 

still considerably higher than that of other sectors.  
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Extra financial rating at STOXX sector level 
STOXX sector Sustainability Controversies Environment Governance Stakeholder

avg max min avg max min avg max min avg max min avg max min

Automobiles & Parts 0.62 1.10 -0.37 0.96 1.00 0.90 0.84 1.43 -0.06 -0.10 1.45 -1.79 0.47 1.52 -0.55

Banks -0.11 1.52 -1.76 0.99 1.00 0.90 -0.38 1.26 -2.04 -0.08 1.48 -1.57 0.04 1.70 -1.88

Basic Resources 0.85 1.67 -0.40 0.95 1.00 0.90 0.97 1.43 0.29 0.72 1.85 -1.70 0.68 1.64 -1.40

Chemicals 0.52 1.58 -1.38 0.96 1.00 0.85 0.54 1.08 -0.86 0.55 1.63 -1.08 0.56 1.56 -1.40

Construction & Materials 0.07 1.16 -1.63 0.99 1.00 0.95 0.14 1.12 -1.38 -0.18 1.35 -1.94 -0.04 1.03 -1.86

Financial Services -0.44 1.37 -1.63 1.00 1.00 0.95 -0.58 0.64 -1.91 -0.25 1.28 -1.48 -0.47 1.34 -1.44

Food & Beverage 0.06 1.20 -1.79 0.95 1.00 0.80 0.31 1.34 -1.43 0.26 1.11 -1.82 0.13 1.83 -1.56

Health Care 0.10 1.60 -2.24 0.99 1.00 0.90 0.11 1.26 -2.04 -0.16 1.56 -1.73 0.05 1.71 -1.99

Industrial Goods & Services 0.06 1.65 -2.05 0.98 1.00 0.90 0.12 1.43 -1.91 0.05 1.60 -1.97 -0.05 1.68 -1.85

Insurance 0.06 1.48 -1.82 0.99 1.00 0.85 -0.31 1.08 -2.04 0.43 1.55 -1.57 0.03 1.58 -1.47

Media -0.26 1.57 -1.86 0.99 1.00 0.95 -0.36 0.86 -1.87 -0.05 1.66 -1.51 -0.23 1.67 -1.72

Oil & Gas 0.33 1.85 -2.13 0.92 1.00 0.75 0.47 1.43 -1.21 0.51 1.82 -2.40 0.62 1.57 -1.98

Personal & Household Goods -0.18 1.48 -1.94 0.98 1.00 0.95 -0.02 1.48 -2.00 -0.09 0.95 -1.79 -0.29 1.59 -2.19

Retail 0.43 1.28 -1.71 0.95 1.00 0.85 0.40 1.12 -1.43 0.20 1.32 -1.26 0.80 1.67 -1.58

Technology 0.00 1.72 -1.34 0.99 1.00 0.95 -0.14 1.48 -1.87 0.20 1.29 -1.39 -0.21 1.45 -1.39

Telecommunications 0.45 2.18 -1.65 0.99 1.00 0.95 0.45 1.52 -1.52 0.15 1.48 -1.57 0.37 2.20 -1.63

Travel & Leisure -0.27 0.98 -1.96 0.95 1.00 0.85 0.02 1.04 -1.16 0.03 1.60 -1.39 -0.31 1.19 -2.06

Utilities 0.66 1.87 -1.33 0.95 1.00 0.85 0.77 1.34 -0.59 0.09 1.83 -1.64 0.71 1.96 -1.17

Source WestLB Research, SiRi Company 

In our view, this reflects the fact that automakers in particular have a strong interest in 

having a good image given the high brand relevance (and related high reputational risks) 

and the oligopolistic structure in the sector. As a result they clearly communicate their 

efforts in environmental and social matters. Suppliers are also frequently called on to 

make a clear commitment to sustainability and compliance with environmental and 

quality standards and with health and safety guidelines. Only Porsche communicates its 

principles and efforts comparatively vaguely and it therefore has a fairly poor rating. The 

same applies to the tyremaker Continental. 

The environment is of course an especially relevant issue in this sector. As a result, it is 

assigned the highest weighting in our rating structure (45%). Workforce related issues, 

being a part of the ‘Stakeholder’ sub-component, are also considered to be a particularly 

important factor (29% weighting in our rating structure, see table below). 
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Sector-specific weighting matrix (at STOXX sector level) 
STOXX sector Environment Governance Stakeholder 

  Environment Business Ethics Corporate 
Governance

Community Customers Employees Contractors

Automobiles & Parts 0.45 0.06 0.05 0.05 0.05 0.29 0.05

Banks 0.26 0.15 0.09 0.09 0.15 0.17 0.09

Basic Resources 0.45 0.06 0.05 0.06 0.05 0.28 0.05

Chemicals 0.45 0.06 0.05 0.05 0.05 0.29 0.05

Construction & Materials 0.42 0.11 0.06 0.06 0.06 0.22 0.06

Financial Services 0.27 0.15 0.09 0.09 0.13 0.18 0.09

Food & Beverage 0.26 0.09 0.09 0.09 0.15 0.17 0.15

Health Care 0.30 0.13 0.09 0.09 0.11 0.19 0.09

Industrial Goods & Services 0.40 0.11 0.07 0.07 0.07 0.21 0.07

Insurance 0.26 0.15 0.09 0.09 0.15 0.17 0.09

Media 0.30 0.10 0.10 0.10 0.10 0.20 0.10

Oil & Gas 0.45 0.15 0.05 0.15 0.05 0.10 0.05

Personal & Household Goods 0.30 0.09 0.09 0.09 0.13 0.17 0.13

Retail 0.22 0.08 0.08 0.08 0.11 0.29 0.15

Technology 0.23 0.10 0.10 0.10 0.10 0.25 0.10

Telecommunications 0.30 0.10 0.10 0.10 0.10 0.20 0.10

Travel & Leisure 0.31 0.07 0.07 0.07 0.07 0.30 0.11

Utilities 0.45 0.15 0.06 0.06 0.06 0.16 0.06

Source WestLB Research 

The results show that the automobile manufacturers and suppliers also take particular 

account of these two sub-segments. In environment, Continental is the only sub-average 

performer; all other companies from the sector have above-average Z-scores. The 

average score is 0.84, the second highest among the 18 DJ STOXX sectors. All 

companies have corporate environmental policy guidelines and environmental 

management systems and publish their environmental data.  

Extra financial rating of individual stocks (STOXX Automobiles) 
Company Sustainability  Controversies  Environment  Governance  Stakeholder 

 Rating z-score   Rating DF*  Rating z-score  Rating z-score   Rating z-score

BMW AG A+ 0.99   !!!!    0.95  !!!!  1.43  """"    -1.08   !!!!  0.78

CONTINENTAL B++ -0.37  ####    1.00 $$$$  -0.06 """"    -0.62  """"  -0.55

DAIMLERCHRYSLER A+ 0.97  $$$$    0.90 !!!!  1.43 $$$$    0.15  !!!!  1.05

FIAT B++ -0.01  !!!!    0.95 $$$$  0.20 !!!!    1.26  $$$$  -0.20

GKN A 0.19  !!!!    0.95 $$$$  0.24 !!!!    1.45  $$$$  0.16

MICHELIN A+ 1.09  ####    1.00 !!!!  0.95 $$$$    -0.12  !!!!  0.96

PEUGEOT A+ 1.10  !!!!    0.95 !!!!  0.82 !!!!    0.92  ####  1.52

PORSCHE PREF A 0.43  ####    1.00 !!!!  1.12 %%%%    -1.79  $$$$  -0.40

RENAULT A+ 0.73  !!!!    0.95 !!!!  0.95 $$$$    -0.43  !!!!  0.80

VALEO A+ 0.78  ####    1.00 !!!!  1.17 $$$$    0.40  $$$$  -0.24

VOLKSWAGEN A+ 0.90   !!!!    0.95  !!!!  0.99  """"    -1.20   !!!!  1.32

Source WestLB Research, SiRi Company 

With regard to the ‘Employees’ sub-component, Peugeot and VW come out top; both 

have a z-score of 1.53. However, the performance of the other carmakers from Germany 

and France – with the exception of Porsche – in the employee area is also above-average. 

This could be related to the strong position of the unions in the two countries. With 

regard to the ‘Customers’ sub-component, Michelin's high rating stands out. Its rival 

Continental also scores well on this point. However, it is striking that, apart from 

Continental, only the French companies managed good positions with regard to 

customers. However, the picture concerning ‘Contractors’ and ‘Community’ is rather 

mixed. 
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Extra financial rating ‘Stakeholders’ at individual stock level (STOXX Automobiles) 
Company Stakeholder  Community  Customers  Employees  Contractors 

 Rating z-score   Rating z-score  Rating z-score  Rating z-score   Rating z-score

BMW AG  0.78    -0.56   -0.15   1.00    0.13

CONTINENTAL  -0.55   -1.62  0.67  -0.51   -1.02

DAIMLERCHRYSLER  1.05   0.55  -1.42  1.20   0.92

FIAT  -0.20   -0.51  -0.47  -0.25   -0.10

GKN  0.16   0.20  -0.98  0.28   -0.62

MICHELIN  0.96   0.15  1.68  0.68   0.70

PEUGEOT  1.52   -0.10  1.05  1.53   1.04

PORSCHE PREF  -0.40   -0.61  0.23  -0.44   -1.02

RENAULT  0.80   -0.10  1.05  0.81   -0.33

VALEO  -0.24   -1.62  0.80  -0.18   -0.62

VOLKSWAGEN  1.32    -0.05   0.10   1.53    0.41

Source WestLB Research, SiRi Company 

In terms of controversies that tarnish a reputation, DaimlerChrysler receives the greatest 

discount. The fact that the company owns 33% of EADS, which is active in the field of 

military aircraft, aeronautics, defence & security and spaceflight, together with the 

company's own activities as a supplier of military vehicles, leads to a discount in the area 

“controversial business activities”. Furthermore, the relatively large number of health-

related incidents caused it to be categorised as a major issue in terms of “controversies 

over health impact of product“. There were also minor controversies in various other 

areas.  

PSA Peugeot Citroën, as the sector leader, is included in our EFRIX Balanced Leaders 

Portfolio. Moreover, the company is represented in the EFRIX Balanced All Share and in 

the two sub-indices “EFRIX Governance” and “EFRIX Stakeholder”. DaimlerChrysler und 

GKN are represented in all of the indices (apart from the EFRIX Leaders). 

Automotive companies in the EFRIX family 

EFRIX -
Governance
(151 stocks):
DaimlerChrysler,

Fiat, PSA Peugeot, 
GKN, Valeo

EFRIX –
Environment

(140 stocks):
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DaimlerChrysler, 
GKN, Michelin, Valeo

EFRIX –
Stakeholder
(129 stocks):

DaimlerChrysler, 
PSA Peugeot, VW

GKN, Michelin 

EFRIX – Balanced
• All Share (137 stocks): 

BMW, DaimlerChrysler, PSA Peugeot, GKN, Michelin, Valeo

•Leaders (18 stocks): PSA Peugeot

DJ STOXX 600 universe
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(129 stocks):

DaimlerChrysler, 
PSA Peugeot, VW

GKN, Michelin 

EFRIX – Balanced
• All Share (137 stocks): 

BMW, DaimlerChrysler, PSA Peugeot, GKN, Michelin, Valeo

•Leaders (18 stocks): PSA Peugeot

DJ STOXX 600 universe

Source WestLB Research, SiRi Company

In addition, from the two DJ STOXX industrial groups “Automobiles“ and “Auto Parts & 

Tires“ we have used our rating system (based on our EFRIX method, see page 74) to put 

the best companies together to form an index. Due to the small number of companies, 

we have applied an equal weighting to each of the companies (as we have done for our 

Balanced Leaders Index). 
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EFRIX Automobile 
07/12/2005 STOXX  Sustainability Price MCap Weight

Company subsector Rating z-score (local) (m €) in %

PEUGEOT Automobiles A+ 1.10 51.05 8,791 16.7

MICHELIN Auto Parts & Tires A+ 1.09 45.15 6,474 16.7

BMW AG Automobiles A+ 0.99 37.43 12,437 16.7

DAIMLERCHRYSLER Automobiles A+ 0.97 42.99 37,402 16.7

VALEO Auto Parts & Tires A+ 0.78 31.83 1,880 16.7

GKN Auto Parts & Tires A 0.19 2.89 2,072 16.7

Source WestLB Research, SiRi Company, JCF 

EFRIX Automobile vs. EFRIX Balanced All Share 

50

60

70

80

90

100

110

120

31/01/2001 30/01/2002 29/01/2003 28/01/2004 26/01/2005

EFR_auto EFR_all

31/01/01 = 100

Source WestLB Research, JCF

Company by company… 
We then give an overview of the extra-financial risk analysis for the individual companies 

in the two industrials groups.  
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Summary of ‘Manufacturers’ extra-financial risk analysis 

BMW 
ISIN Code DE0005190003 Automobile Manufacturers Country Germany

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 0.99 !!!! 0.95 !!!! 1.43 """" -1.08 !!!! 0.78

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 1.03 !!!! 0.95 !!!! 1.48 """" -0.98 !!!! 0.82

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.47 0.00 0.48 0.00 0.00

Source WestLB Research, SiRi Company 

DaimlerChrysler 
ISIN Code DE0007100000 Automobile Manufacturers Country Germany

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 0.97 $$$$ 0.90 !!!! 1.43 $$$$ 0.15 !!!! 1.05

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 1.03 $$$$ 0.90 !!!! 1.48 $$$$ 0.22 !!!! 1.15

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 1.42 0.00 1.43 1.40 1.46

Source WestLB Research, SiRi Company 

Fiat 
ISIN Code IT0001976403 Automobile Manufacturers Country Italy

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score B++ -0.01 !!!! 0.95 $$$$ 0.20 !!!! 1.26 $$$$ -0.20

Latest rating change* no change Oct-05 no change no change no change

Former rating A 0.09 !!!! 0.95 $$$$ 0.25 !!!! 1.29 $$$$ -0.02

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.00 0.00 0.00 0.16 0.00

Source WestLB Research, SiRi Company 

PSA Peugeot  
ISIN Code FR0000121501 Automobile Manufacturers Country France

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 1.10 !!!! 0.95 !!!! 0.82 !!!! 0.92 #### 1.52

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 1.13 !!!! 0.95 !!!! 0.86 !!!! 0.97 #### 1.55

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.33 0.00 0.00 0.33 0.35

Source WestLB Research, SiRi Company 

Porsche 
ISIN Code DE0006937733 Automobile Manufacturers Country Germany

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A 0.43 #### 1.00 !!!! 1.12 %%%% -1.79 $$$$ -0.40

Latest rating change* no change Oct-05 no change no change no change

Former rating A 0.48 #### 1.00 !!!! 1.17 %%%% -1.67 $$$$ -0.34

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.00 0.00 0.00 0.00 0.00

Source WestLB Research, SiRi Company 
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Renault 
ISIN Code FR0000131906 Automobile Manufacturers Country France

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 0.73 !!!! 0.95 !!!! 0.95 $$$$ -0.43 !!!! 0.80

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 1.05 #### 1.00 !!!! 1.00 $$$$ -0.35 !!!! 0.90

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.00 0.00 0.00 0.00 0.00

Source WestLB Research, SiRi Company 

Volkswagen 
ISIN Code DE0007664005 Automobile Manufacturers Country Germany

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 0.90 !!!! 0.95 !!!! 0.99 """" -1.20 !!!! 1.32

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 0.94 !!!! 0.95 !!!! 1.04 """" -1.16 !!!! 1.38

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.00 0.00 0.00 0.00 0.38

Source WestLB Research, SiRi Company 

Summary of ‘Suppliers’ extra-financial risk analysis 

Continental 
ISIN Code DE0005439004 Tires & Rubber Country Germany

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score B++ -0.37 #### 1.00 $$$$ -0.06 """" -0.62 """" -0.55

Latest rating change* no change Oct-05 no change no change no change

Former rating B++ -0.28 #### 1.00 $$$$ -0.02 """" -0.53 $$$$ -0.44

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.00 0.00 0.00 0.00 0.00

Source WestLB Research, SiRi Company 

GKN  
ISIN Code GB0030646508 Auto Parts & Equipment Country United Kingdom

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A 0.19 !!!! 0.95 $$$$ 0.24 !!!! 1.45 $$$$ 0.16

Latest rating change* no change Oct-05 no change no change no change

Former rating A 0.24 !!!! 0.95 $$$$ 0.29 !!!! 1.47 $$$$ 0.22

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.11 0.00 0.11 0.11 0.12

Source WestLB Research, SiRi Company 

Michelin  
ISIN Code FR0000121261 Tires & Rubber Country France

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 1.09 #### 1.00 !!!! 0.95 $$$$ -0.12 !!!! 0.96

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 1.13 #### 1.00 !!!! 1.00 $$$$ -0.05 !!!! 1.01

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.25 0.00 0.25 0.00 0.26

Source WestLB Research, SiRi Company 
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Valeo  
ISIN Code FR0000130338 Auto Parts & Equipment Country France

Extra financial risk Overall rating Controversy Environment Governance Stakeholder

Rating / z-score A+ 0.78 #### 1.00 !!!! 1.17 $$$$ 0.40 $$$$ -0.24

Latest rating change* no change Oct-05 no change no change no change

Former rating A+ 0.82 #### 1.00 !!!! 1.22 $$$$ 0.46 $$$$ -0.18

EFRIX index Balanced All Share Leaders Environment Governance Stakeholder

Index weights (%) 0.07 0.00 0.07 0.07 0.00

Source WestLB Research, SiRi Company 
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Methodology 

WestLB Extra-Financial Risk Navigator 
Based on the experience we have acquired and on our ongoing dialogue with clients, we 

have thoroughly revised our rating approach in co-ordination with our partner SiRi this 

spring (see our note ‘Values at Risk’, March 2005). Our main motive is to meet investors’ 

needs optimally and to ensure that our ratings are as closely linked as possible to share 

price movements. We introduce two major new elements to achieve this:  

& We weight individual sustainability factors specifically for each industry group, which 

enhances the comparability and transparency of our rating.  

& We include a separate risk discount factor to represent the main channel of transmission 

between sustainability issues and share price performance.  

Our new rating is made up of two main components: the performance score (PSC) and 

the so-called controversy risk discount (CRD). The philosophy and basic structure of the 

performance score correspond to those of our traditional rating methodology. The score 

is based on three fundamental pillars – environment, governance and stakeholder – 

which we assess separately. Below this second level of aggregation we have added a 

third made up of seven separate sub-components, which we also rate separately. 

There is nothing fundamentally new up to this point. The new structural element we 

introduce here is that we now weight the sub-components, and the individual questions 

and assessments on which they are based, according to a company’s membership of a 

specific industry group. We do this in order to take adequate account of the very 

different sustainability requirements of different sectors. The great advantage of this 

approach is that it ensures that its intermediate and final results are directly comparable 

with each other across various sectors. In other words, it allows static comparisons 

relating to a specific point in time to be made over a cross-section of companies. Another 

advantage is that it also includes a dynamic component. Company profiles may change 

significantly over time, for example as a result of takeovers or spin-offs. Our rating 

system takes this into account by allocating weights that may vary over time. 

This means that findings are comparable even over long periods, and thus changes in 

companies’ sustainability performances can be tracked and analysed. This is particularly 

important, if one assumes that extra-financial factors and changes in them can throw 

light on changes in the quality of a company, and may thus be good leading indicators of 

share price performance. Because of this time dimension of the analysis, we shall update 

our ratings on a monthly basis and build up a database with a complete valuation history. 

Weighting matrices are available based on the STOXX and MSCI sector (GICS 2 level) 

classifications. This also applies to all ratings that we show at sector level. 

Environment, governance 

and stakeholder 

Factor weighting depends 

on sector membership 

Changes in sustainability 

performance as a leading 

indicator 
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The controversy risk discount 
While the underlying idea of a weighting matrix is in line with mainstream thinking 

among SRI analysts, the same certainly cannot be said of our second innovation, the 

controversy risk discount (CRD). 

This is an additional risk-discounting factor derived from the number and significance of 

controversies to which a company is currently exposed. Our objective here is to model 

the main channel of transmission between sustainability issues and share price 

performance as current market reality, and to reflect this in the rating. This channel of 

transmission consists of those risks to a company’s reputation that can do great damage 

to a brand, and hence to its market value, if they become acute (for example, if a 

controversy becomes a media-driven scandal). The CRD is a genuine innovation that 

differentiates us from all other rating providers. 

We determine the CRD in two steps based on two separate lists of controversies to which 

a company may be exposed. The lengths of these lists vary over time. Controversies may 

be added to the list, but they can also be removed. List A contains companies’ so-called 

‘controversial business activities’. This is simply a record of whether – and, if so, to what 

extent – companies operate in business fields that are repeatedly at the centre of social 

or political controversy because they are inherently open to question on an ethical basis. 

The list currently contains 17 such items; these include factory farming, animal testing, 

nuclear power, firearms, GM organisms, and CO2 generating products. 

List B includes all other current controversies in our three sub-components environment, 

governance and stakeholder, which may accordingly become risk factors to companies. 

Examples are child labour, waste management, discrimination, and bribery and 

corruption. There are currently 31 such controversies on the list. 

Calculating the risk discount 

We proceed as follows to calculate a company’s CRD. Each controversy is allocated a 

budget of 100 points, and so a company has an overall ‘budget’ of 1,700 points for List A 

and 3,100 for List B. 

A company achieves full absolute scores if it is not affected by any of the listed 

controversial points; in this case its risk discount is zero (and the corresponding discount 

factor, the CRD, is 1). If a company is involved in a controversy, then points are deducted 

depending on how deeply it is involved. These points are aggregated list for list and 

converted into a risk score. The risk scores are equally weighted and, in the final stage, 

transformed into discount factors and multiplied by the performance score: 

CRDPSCScoreTotal *=  

A genuine innovation 

Difference compared to 

any other rating providers 

Two separate lists of 

controversies 

Which controversies is a 

company involved in, and 

how deeply? 
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Controversy risk discount: risk scores, discount factors and symbolic 
representation 

Risk score range Discount factor Controversy rating

Risk score ≤5 1.00 ####  

5 ≤ risk score ≤10 0.95 !!!!  

10 ≤ risk score ≤ 15 0.90 $$$$  

15 ≤ risk score ≤ 20 0.85 """"  

Risk score > 20 0.80 %%%%  

Source WestLB Research 

The following chart provides a full overview of the structure of our new sustainability 

ratings. The scores and weightings shown here are current for a company that we have 

selected at random as a concrete example. 

Overview of the new extra-financial risk navigator – example, PSA Peugeot 

Risks

= A+

0.95

1.20

1.04

1.05

-0.10

0.40

0.950.95

Sustainability Score

GovernanceEnvironment

Bus.Ethics

Corp.Gov.

Community

Employees

Customers

Contractors

Environment

Stakeholder

Performance Rating

1.0050%

50%

11%

11%

11%

67%

45%

1.53

1.10

0.82

Controversial
Business Activity

Other Controversies
Controversy 
Risk Discount

100%

10% 45%

50% 50%

Sector
specific 
weights

Reputation
Risks

= A+

0.95

1.20

1.04

1.05

-0.10

0.40

0.950.95

Source WestLB Research, SiRi

Transformation of results into Z scores 
Enhanced comparability and transparency 

Since the number of individual scores making up the overall score for a company is so 

large, there is a (purely statistical) tendency of regression to the mean. We therefore 

work with so-called Z scores that have a mean of zero and a standard deviation of 1. 

Moreover, we show Z scores not only for the overall score but also at the second level of 

aggregation (environment, governance, stakeholder). Taking the governance score, for 

example, the corresponding Z score for a company is as follows: 

Gov

GoviGov
iGov

ScoreScore
z

σ
−

= ,
,  

Z scores have the advantage that results can be interpreted simply, directly and 

unambiguously. A zero score means that a company tallies precisely with the market 

average; hence there would be no reason to prefer or ‘punish’ this company, for instance 

within the framework of a ‘best-in-class’ approach. Scores greater than +1 or less than  

-1, by contrast, suggest significant divergence from the market average. 

Regression to the mean 

Z scores simplify 

comparison and 

interpretation of  

our results 
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Z scores can also be interpreted directly as standard deviations; a score of +1 

consequently means that the company is located 1 standard deviation above the market 

average. This in turn could be interpreted as a reason to overweight the stock or to take 

it into consideration within a positive selection procedure. 

Definition of rating classes 
Transforming Z scores into alphanumeric ratings 
In order to allow intuitive and simple interpretation of results, we have supplemented the 

so-called Z scores with alphanumeric ratings, which we have derived from examples in 

the field of credit ratings. Overall, we have defined six rating classes. 

& A++ 

Companies rated A++ are judged (based on our scoring system) as exhibiting excellent 

sustainability performance. Z score ≥≥≥≥ +1.5. 

& A+ 

Companies rated A+ are judged as exhibiting very good sustainability performance.  

Z score range: +0.5 to +1.5. 

& A 

Companies rated A are judged as exhibiting good sustainability performance.  

Z score range: 0.0 to +0.5. 

& B++ 

Companies rated B++ are judged as exhibiting adequate sustainability performance.  

Z score range: -0.5 to 0.0. 

& B+ 

Companies rated B+ are judged as exhibiting questionable sustainability performance.  

Z score range: -1.5 to -0.5. 

& B 

Companies rated B are judged as exhibiting poor sustainability performance.  

Z score < -1.5. 

Companies designated ‘best in class’, i.e. having the highest sustainability score within 

their sector (DJ STOXX600 classification), are, in addition, marked with an asterisk. 

‘At a glance’ 
Sustainability ratings are an integral part of our individual stock research. Besides the 

ratings we also list our findings under the sub-components environment, governance and 

stakeholder in abbreviated form, with the objective of making it possible to view a 

company’s profile at a glance. For this reason we have opted for a very simple symbolic 

representation that can be interpreted rapidly and which – like the rating itself – is based 

directly on Z scores. 

Following the examples of 

credit ratings 

‘Best-in-class’ designation 

Representation of findings 

under the sub-components 
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Z score ranges of alphanumeric ratings and communication of sub-component 
scores 

-2,5 -1,5 -0,5 0,5 1,5 2,5

A++A+B++ AB+B

% " $ ! #

-2.5 -1.5 -0.5 0.5 1.5 2.5

A++A+B++ AB+B

% " $ ! #

-2,5 -1,5 -0,5 0,5 1,5 2,5

A++A+B++ AB+B

-2,5 -1,5 -0,5 0,5 1,5 2,5

A++A+B++ AB+B

% " $ ! #

-2.5 -1.5 -0.5 0.5 1.5 2.5

% " $ ! #

-2.5 -1.5 -0.5 0.5 1.5 2.5

A++A+B++ AB+B A++A+B++ AB+B

% " $ ! #

Source WestLB Research

WestLB Extra-Financial Risk Index (EFRIX) 
The structure of EFRIX is very simple: each of the five indices is a sub-set of the DJ 

STOXX 600 universe (investable universe). The three indices EFRIX-Environment, 

EFRIX-Governance and EFRIX-Stakeholder are generated independently of each other 

based on our respective extra-financial assessment criteria. The number of stocks in 

each index differs; the sets of index members partly overlap (see chart below). The idea 

behind these three indices is to enable us (at least theoretically) to separately track the 

performance of different sub-sets of extra-financial risk factors. 

The EFRIX family 

EFRIX -
Governance

(151 stocks)

EFRIX –
Environment

(140 stocks)

EFRIX –
Stakeholder

(129 stocks)

EFRIX – Balanced
• All Share (137 stocks)

•Leaders (18 stocks)

DJ STOXX 600 universe

EFRIX -
Governance

(151 stocks)

EFRIX –
Environment

(140 stocks)

EFRIX –
Stakeholder

(129 stocks)

EFRIX – Balanced
• All Share (137 stocks)

•Leaders (18 stocks)

DJ STOXX 600 universe

Source WestLB Research

With EFRIX-Balanced, on the other hand, we provide two indices that mirror our overall, 

weighted extra-financial risk assessment of the companies within our universe. Whereas 

the All Share Index is a well diversified index that is not too far removed from the market 

benchmark (DJ STOXX 600), the Leaders Index contains a comparatively small number 

of stocks, and because of this selectiveness one should expect relatively high active 

portfolio risk vis-à-vis our market benchmark. To ensure that the return/risk profile of the 

Leaders Index is not completely dominated by any single large-cap company, the 18 

member stocks receive an equal weighting (i.e. approx 5.56%). This is in contrast to the 

Five family members 

The two Balanced Indices 

mirror our overall extra-

financial risk assessment 
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common free float market cap weighting that we apply to all other members of the EFRIX 

family in accordance with the DJ STOXX methodology. 

Index overlap structure 
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EFRIX –
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EFRIX –
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Stakeholder

EFRIX –
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EFRIX –
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EFRIX –
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EFRIX –
Environment

EFRIX –
Stakeholder

EFRIX –
Stakeholder

EFRIX –
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EFRIX –
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EFRIX –
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EFRIX –
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EFRIX –
Stakeholder

EFRIX –
Governance

EFRIX –
Governance
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Balanced Leaders
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Balanced All Share
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Balanced Leaders
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Balanced All Share
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Balanced All Share

EFRIX –
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EFRIX –
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EFRIX –
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EFRIX –
Balanced Leaders

EFRIX –
Balanced All Share

Source WestLB Research

Given that the universe from which we pick the stocks for our indices is the DJ STOXX 

600, which also serves as the benchmark against which we measure the relative 

performance of our EFRIX family, it should be no surprise that we work with the 

respective sector and industry group classifications of DJ STOXX. 

EFRIX selection process 
In accordance with the best-in-class approach, in each of the 55 industry groups (which 

we have constructed from the 104 DJ STOXX industry groups, the same structure as 

DJSI) we select the companies that receive the most favourable extra-financial risk score, 

bringing the cumulative free float market cap as close as possible to 50% of the industry 

group’s total free float market cap. 

For a company to be included it is necessary for it to score above the average company 

within our Pan-European universe (z-score > 0). So it is quite possible that entire 

industry groups may not be represented in our indices. Currently this is the case in six of 

the 55 industries (see appendix for details). Overall our index selection procedure 

delivers free float market cap coverage of between 41.3% (EFRIX-Stakeholder) and 

44.1% (EFRIX-Environment). The Balanced All Share Index represents 42.8% of the DJ 

STOXX 600 free float market cap. 

Index reviews 
A complete index review is done on a quarterly basis to ensure that the index 

composition accurately represents the rankings of companies in each of the 55 industry 

groups within the investable stocks universe. In addition to the complete quarterly 

review we use ‘fast entry’ and ‘fast exit’ rules (see below) to reflect changes to our 

ratings on a monthly basis. All index adjustments are to be based on closing prices on 

the day they are announced and will become effective on the next trading day. The 

quarterly reviews will reflect changes in the investable stocks universe (DJ STOXX 600) 

as well as changes in numbers of shares and in free float factors. 

Sector classifications of DJ 

STOXX are used 

A necessary condition is to 

score above average 

All changes will be 

announced in our weekly 

‘Inside SRI’ product 
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‘Fast entry’ and ‘fast exit’ rules 

In addition to the complete quarterly review we operate ‘fast entry’ and ‘fast exit’ rules to 

reflect changes to our ratings on a monthly basis. To enter one of our EFRIX indices a 

company’s score has to equal or exceed the score of the last company within the same 

industry group that has been accepted for inclusion during the last quarterly update. 

Such ‘fast entry’, ceteris paribus, increases the number of stocks in the portfolio and 

reduces the free float market cap weightings of all other member stocks. ‘Fast exit’ is 

applied only if the absolute requirement of an above-average score is no longer met by 

the company in question. A simple drop in a company’s ranking is not sufficient for 

exclusion, which will be considered only during the next quarterly review. 
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Distribution of ratings as of 4 October 2005 

Coverage universe Count Percent Inv. Banking relationships* Count Percent

Buy/Outperform 115 40 Buy/Outperform 29 52
Neutral 125 44 Neutral 21 38
Sell/Underperform 44 16 Sell/Underperform 6 10

* Companies from which WestLB AG or an affiliate or subsidiary has received compensation for investment banking services within the past 12 months. 
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