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Executive Summary

Introduction

Context of the study

In December 2008 the European Parliament and Council reached an agreement through a co-
decision procedure on the details of the CO, legislation for passenger cars, laid down in Regulation
No 443/2009". Besides the target of 130 g/km for 2015 and details of the way it is implemented,
Regulation No 443/2009 also specifies a target for the new car fleet of 95 g/km for the year 2020. In
Article 13 of the Regulation it is stated that a review would be carried out by the European
Commission no later than the beginning of 2013 in order to define the modalities of reaching this long
term target. The support for this review is carried out within the Framework Contract on Vehicle
Emissions by TNO, in association with AEA, CE Delft, Okopol, Ricardo, TML and IHS Global Insight
(Reference ENV.C.3/FRA/2009/0043). This report presents results of an evaluation of different
modalities for implementing the 95 g/km target as well as an assessment of the costs for meeting this
target.

Structure of the work
Work in this project was organised in the following tasks:
Task 1  Cost and potential of CO, reduction options for 2020 and further, involving assessment of

manufacturer costs and reduction potentials of CO, reducing technologies for the longer
term, construction of cost curves, assessment of current state-of-the-art technologies and

a review of manufacturersd modelngforthefarget. t 0 asses

Task 2  Alternative utility parameters, involving consolidation of new vehicle sales database,
detailed evaluation of footprint as an alternative to mass as utility parameter and a more
general evaluation of other parameters for this purpose.

Task 3  Modalities for 95 g/km in 2020, containing a preliminary evaluation of options for
modalities, an update of the cost assessment model for passenger cars and an
assessment of average additional vehicle costs per manufacturers for manufacturer-based
modalities. In addition this Task contains an assessment of the impacts of an additional
vehicle-based CO, limit and of possibilities for a combined target for passenger cars and
vans. Based on the results of these assessments proposals are developed for favourable
modalities.

Task 4 Investigation of further aspects, looking at consequences of several possible additional
provisions in the definition of the 2020 target, including a stepwise approach to the target,
banking and borrowing, and mileage weighting. This task furthermore explores impacts of
the legislation through CO, emissions of various life-cycle aspects, and of rebound effects
resulting from reduced driving costs.

Task 5 Best available technologies in 2007, a review based on analysis of IHS databases,
providing input to the definition of provisions for derogation in the present legislation,
specifically the derogation of new market entrants selling between 10,000 and 300,000
vehicles in 2015. Results have been reported to the European Commission in a separate
report.

Evaluation of modalities for implementing the 95 g/km

target

Description of main elements of the modalities

The impacts of the 95 g/km target are not only determined by the target level, but also by various

aspects of the way in which the target is implemented. These modalities can be chosen to meet

additional goals with respect to e.g. minimizing additional manufacturer costs for reaching the target,

! REGULATION (EC) No 443/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 setting emission

performance standards for new passenger cars as po@emissiomsfromtlighedutC o mmuni t yds i

vehicles, see: http://ec.europa.eu/environment/air/transport/co2/co2_home.htm
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a fair distribution of the burden over different car manufacturers, allowing higher emissions for cars
with a higher utility, and avoiding perverse incentives. The main modalities that can be adopted are:

1 the obligated entities to which the CO, targets apply;

1 the geographical area for which sold cars are taken into account;

1 application of a utility-based limit function, including choices with respect to the utility parameter
to be used and the shape of the limit function;

1 penalties or excess premiums.

Options for additional provisions include e.g. a stepwise approach using annually decreasing targets
between 2015 and 2020, an additional vehicle-based limit, and super credits for low-emitting
vehicles.

Results of qualitative comparison of utility parameters

In Regulation No 443/2009 indicated that it would consider footprint as an alternative to mass for the
utility parameter to be used for the 2020 target. Footprint could not be considered for the 2015 target
due to the lack of available data from the Monitoring Mechanism. By now the Monitoring Mechanism
has been amended to include footprint. In this project the scope for the evaluation of possible utility
parameters was broadened by means of a preliminary assessment of a long-list of options. Criteria
for the evaluation included measurability, objectivity of the measurement, possibilities / incentives for
gaming®, correlation with CO, emissions, relation with CO, reduction options, and use in CO,
legislation in other regions.

Based on this review of possible utility parameters it was concluded that reference mass, footprint
and footprint x height are the most promising candidates. Of these footprint x height was not further
assessed mainly because it rewards higher vehicles such as SUVs. The most important advantages
and disadvantages of mass and footprint are listed in Table 1 and Table 2.

Table 1 Pros and cons of reference mass as utility parameter

Reference mass

Pros Cons

Easily / objectively measured Not a direct measure of utility

Accepted by industry (continuity with current legislation) Possibilities for gaming depend on slope of limit function

Good correlation with CO, emissions Easy options for gaming: i B
Makes weight reduction as CO, reduction measure much
less attractive

Table 2 Pros and cons of footprint as utility parameter

Footprint

Pros Cons

Easily / objectively measured Relatively tough on compact / high cars (e.g. MPVs)
Gaming is considered relatively difficult due to required

changes in structural design of vehicle and associated May promote tendency towards larger cars unless
consequences for mass and vehicle CO, emissions compensated for such autonomous footprint increase
Better proxy for utility than mass

Used in US legislation

Good correlation with CO, emissions

Pan area (length x width) and wheelbase were discarded as options for the reason that footprint is
superior with respect to all criteria. Utility parameters based on number of seats and trunk volume
would be the most true measure of Autilityo,
correlation with CO, and provide many possibilities for gaming. Payload was discarded because it is
a declared value rather than a measured value and because of poor correlation with CO,. Utility
parameters based on number of seats, trunk volume and payload combine the disadvantages of all
three. Price was discarded because it is not a measure of functional utility, has a very uneven

2i.e. bringing a vehicle closer to its target by changing the value of the utility rather than applying CO, reducing measures
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distribution around its average value, can not be objectively measured or verified. Furthermore it
promotes gaming and gives credit to high performance cars.

The advantages of reference mass are that it can be objectively measured, is accepted by industry
and has good correlation with CO,. It is however a relatively poor measure of utility (in the sense that
buyers will never buy a vehicle for its mass), it provides some room for gaming (but this can be
compensated by choosing an appropriate slope for the limit function) and it makes weight reduction
less attractive as a CO, reduction measure. Footprint can also be objectively measured, is a better
proxy for utility than mass, is used in the US legislation, has good correlation with CO,, and is
considered to offer less opportunity for gaming. Possible disadvantages are that it might lead to
relatively tough targets for compact / high cars (e.g. MPVs) and that it may promote a tendency
towards larger cars.

Comparing the different pros and cons for mass and footprint the conclusion is that this preliminary
evaluation did not identify a clear favourite. The main arguments for maintaining mass as utility
parameter would be its acceptance by industry and the general desire to keep definitions for the
2020 as much as possible the same as for the 2015 target. The main arguments in favour of footprint
are that it is a better proxy for the true utility of the vehicle and that it fully rewards the benefits of
weight reduction as a CO, reducing option. The latter is relevant as advanced levels of weight
reduction will be an increasingly important option for meeting targets for 2020 and beyond.

Results with respect to the utility-based limit function

In the current legislation a utility-based limit function is used to specify emission targets per vehicle
depending on its utility value. Manufacturer targets are defined by sales-weighted averaging over the
emission targets for all vehicles (models and variants) sold in the EU-27. The 130 g/km target for
2015 is implemented using a linear limit function.

The linear limit function will always go through the point defined by the average utility and the CO,
target value. Starting point for determining the limit function for 2020 has been a sales-weighted least
squares fit through the (utility value ,CO, emission) points for all vehicles included in a 2009 sales
database. The limit function with so-called 100% slope is then defined by applying a constant
reduction percentage to all points on this line, with the reduction equal to the relative difference
between the 2009 sales-weighted average CO, value and the 2020 target of 95 g/km. Subsequently
the slope can be varied by pivoting around the point defined by average utility and the CO, target
value. This can be done to reduce incentives for gaming as well as for changing the impact of the
target on smaller and larger vehicles. Lines with alternative slopes are identified by means of the
ratio (expressed as x%) between the slope of the limit function and that of the 100% line defined as
indicated above. This slope value can have a significant effect on the additional manufacturer costs
and distributional impacts, and is therefore taken into account in the detailed cost assessment.

For the 2020 target besides the linear limit function two other variants have been considered:
1 truncated linear limit functions with a floor and / or ceiling
A i.e. linear sloped line targets with horizontal cut-offs at the upper and / or the lower end:
1 non-linear limit functions
A smoothened variants of the truncated Il inear [
l ogistico function used in the i nemssiansfoppr oposa

light-duty vehicles

The motivation for truncating the limit function would be e.g. to reflect possible flattening of the
correlation between utility and CO, or to reduce the burden for small vehicles resp. limit the credits
that large vehicles get for increasing utility. If a floor or ceiling is to affect a significant humber of
vehicles it has to intercept the linear limit function at a utility value that is well within the bandwidth
defined by the cloud of data points identifying vehicles sold in 2009. From analysing the position of
the limit function with 100% slope relative to the cloud of data points it has become apparent that in
the European market situation floors and ceilings of non-linear limit functions do not have significant
impacts unless they are set at unreasonable levels (> 80 g/km for the floor and < 140 g/km for the
ceiling in order for each to affect 5% of the new vehicle fleet).

Since the non-linear curves ought to be based on the linear curves with cut-off, the same conclusions
were drawn for the continuous limit functions with floors and / or ceilings. Conclusively, these types of
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limit functions can be considered to be interesting theoretical concepts, but are proven to provide no
practical benefits in the European situation.

Conclusions with respect to other elements of the modalities

Obligated entities under the present regulation are manufacturer groups®. The geographical scope is
the EU 27. Based on experience with the present regulation it is concluded that there are no reasons
to changes either the regulated entities or the geographical area for the 2020 target.

In order for penalties (or excess premiums) to serve as a mechanism to enforce compliance the level

of the penalty in 0 per g/ km exceedance should be st
last g/km reduction that is needed for meeting the target. This way penalties may also serve as a

buy-out premium for manufacturers that are temporarily not able to meet their target. Estimates for

the marginal costs for meeting 95 g/km are produced by the cost assessment model of which the

results are discussed further on.

Selection of utility parameters / modalities for the detailed cost assessment

Based on the above, and in close consultation with the European Commission services, reference
mass and footprint were selected as the utility parameters for which a detailed assessments of cost
and distributional impacts was to be carried out. For both options only linear limit functions with
different slopes are considered.

Cost curves for CO; reduction in passenger cars in 2020

Creation of cost curves for passenger cars in 2020

Starting point for the creation of cost curves, describing the additional manufacturer costs for
achieving increasing levels of CO, reduction in different vehicle segments, was the collection of
information on cost and reduction potentials of individual CO, reducing technologies. These
technologies include various measures to improve engine efficiency, such as reduced friction, direct
injection, various levels of engine downsizing and variable valve timing and actuation. In addition
options for more efficient transmissions are included, as well as engine start-stop and various
degrees of hybridisation, weight reduction, improved aerodynamics, low rolling resistance tyres, and
improvements in ancillary systems and auxiliaries. Costs and reduction potentials are defined relative
to 2002 baseline vehicles. The year 2002 was selected as baseline year because none of these
technologies were applied at any significant scale yet in that year. The cost assessment model
contains 2002 data for all manufacturers included in the analysis.

Data were collected from literature, in-house expertise and through questionnaires sent out to
manufacturers and component suppliers as well as their European associations. Based on an
evaluation of the different inputs, technology tables were constructed with selected values for costs
and reduction potentials of different technologies, specified separately for 6 vehicle segments (small,
medium-size and large vehicles on petrol resp. diesel).

Subsequently, by combining options that are technically compatible into packages of measures, a

large number of possible technology packages were identified, each with a different overall CO,

reduction potential and different overall costs. Cost curves can then be created by consecutively

selecting the most cost-effective packages that enable increasing levels of CO, reduction. In drawing

the cost curves a fisafety margind is taken into acc
the CO,; reduction potentials of individual measures will often lead to overestimation of the overall

CO,, reduction potential of the complete package. This is because some measures partly overlap in

their impact as they have an effect on the same source of energy loss. As examples the resulting

cost curves for medium-size petrol and diesel cars are described by the green lines in Figure 1.

Scenario variants for the cost curves

In the course of the study two issues arose that justified critical evaluation of the cost curves as
generated using the methodology described above. These issues are:

®manufacturergroup=6a group of connee taednufacanenarhdisconmacted uadértakingsd
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1 Observed progress in CO, reduction in European new passenger car fleet in the 2002-2009
period

A In the last decade CO, emissions of new passenger cars have decreased significantly.
At the same time vehicle prices have not increased. This could be interpreted as an
indication that part of the observed reductions in type approval CO, emissions over the
last years may need to be attributed to other causes than application of technologies that
are included in the cost curves used to assess the costs of meeting the targets for 2015
and 2020.

A These other causes may include CO, reduction due to small technical improvements that
are not mentioned in technical specifications of vehicles and are not included in the cost
curves developed in this project and previous studies, effects of optimising the
powertrain calibration by improving trade-offs against other parameters, and the
possible utilization of flexibilities in the test procedure.

1 Technical data becoming available from EPA studies in support of the US legislation on CO,
emissions from light duty vehicles

A These data seem to suggest that the costs of reducing CO, emissions in passenger cars
could be lower than estimated in this study.

In the context of this study, and given the limited availability of necessary information, both issues
could not be dealt with in detail. In order to obtain an indicative insight in the possible implication of
these issues, however, it has been considered useful to develop indicative cost curves for three
different scenario variants that can be used to perform a sensitivity analysis with the cost assessment
model. The scenario variants are:

a) Alternative accounting for progress observed in the 2002-2009 period

A A variant including an additional reduction step based on the assumption that a given
share of the reductions achieved in the 2002-2009 period can not be attributed to
application of technologies that are included in the technology tables underlying the cost
curves.

A The assessment model used in this study is based on cost curves defined relative to
2002 baseline vehicles and attributes reductions in CO, emissions observed between
2002 and 2009 (most recent database used to describe the current situation) to the use
of a part of the reduction potential described by the cost curves. Due to the strong non-
linearity of the cost curves the possibility that other causes may be responsible for the
observed reductions between 2002 and 2009 could have a significant impact on the
assessment of cost for moving from the 2009 values to the 2020 target values.

A For the size of the additional reduction step 10% was assumed for petrol vehicles and
9% for diesels. These values were estimated on the basis of a detailed comparison of 12
vehicle models sold in 2002 and 2010 and identification of the headline CO,-reducing
technologies used in the 2010 vehicles.

b) Alternative cost curves based on a modified technology table

A An evaluation of available results from the EPA studies in support of the US CO, target
for passenger cars provided strong indications that the costs for meeting the European
95 g/km target for 2020 could be lower than the estimates based on the cost curves from
this study. Due to large differences in technology definitions, baseline vehicles and drive
cycles, however, the direct use of EPA data for the European assessment was
considered not appropriate.

A To test the possible impact of the most striking differences between US data and cost
and reduction figures used in this study a selection of data on cost and reduction
potential derived from the EPA studies, specifically for full hybrids and the various levels
of weight reduction, has been used to construct a modified technology table. Alternative
cost curves have been constructed on the basis of this table.

A This variant is created to allow an indicative assessment of the possible implications that
information from EPA studies underlying the US CO, legislation for cars might have for
assessment of the costs of meeting the European target for 2020.

c¢) Combination of a) and b)
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The resulting cost curves for medium-size petrol and diesel cars are presented in Figure 1 and
compared to the original cost curves from this study. Around 40% reduction scenario a) and b) both
provide a cost reduction of or dhe origimalfcostrcarges.ilntthatd e G4 50
region scenario c¢c) predicts costs that are another 0
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Figure 1 Cost curves for CO; emission reduction in medium size petrol and diesel vehicles in 2020, relative

to 2002 baseline vehicles, and comparison with cost curve variants for scenarios a), b) and c).

Assessments with respect to the attainability of the 2020
target

Current state-of-the-art technologies for passenger cars

Many technologies indicated in the tables underlying the cost curves are already applied in the

market today, especially in so-c al | ednofiled @ 0 . A review has been carri
analyse the lowest emitting vehicles currently on the market or close to market introduction in the B-,
C-andD-segments, in order to ar roftheearatd a ercehanloil sotgiyc afau r

levels. For these vehicles technologies used to reduce CO, emissions were identified and their
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contribution to the achieved CO, emission levels was estimated. Price differences between these
feenmdel sd0 and comparable base models were compared
technologies.

In the compardtsamd ebreddveaemd 66ecod6 model s, the,overall
emissions and the increase in price show strong variations between different brands / models. The
price differential for 6ecod model s -and C-segmegt® i N s O

possibly as a result of pricing strategies justifiec
fuel saving and other financial benefits (e.g. reduced vehicle tax and traffic charging incentives). In

other cases the price differential is small or zero. Thus the extent to which costs are passed on to

customers is not clear from this analysis.

In many cases, the estimated additional costs to the manufacturer appear to be much smaller than

the additional price charged to the consumer, suggesting additional profit is generated on these

models. However, the analysis performed takes no account of engineering costs, which on a per-
vehicle basis could be significant for O6ecod6 variant
more significant in the case of more radical technologies such as those featured in the hybrid

vehicles considered.

Also the values for reductions are often found not to match well with the estimated total for the

technologies identified as being featured. This is not surprising, for a number of reasons. The

analysis assumes a baseline specification which may not exactly apply for each model and

manufacturer 7 i . e . the 6éstandar doé vehi cjredadion patentiallvarias f t echn
from case to case. Also the benefit extracted by the manufacturer from each technology may not be

the maximum potential benefit, due to limiting factors specific to the particular model or for cost
reasons, and not al |l technol ogi es appthe iefamatiom 6 ec o d
available. In this context it should be noted that the optimisation of fuel consumption and CO,

emissions is a complex process in which the most significant gains can be achieved only if the
implementation of headline technologies is accompanied by other incremental improvements in many

different systems and components. The CO, reduction potential and limits of such detailed

refinements will vary significantly from vehicle to vehicle.

Evaluation of model cycles

Model cycles of mainstream car models from different manufacturers and different market segments
have been investigated to assess the impacts of their timing on the feasibility of the 95g/km target in
2020. The product development process is found to vary from 18 months to up to 5 years depending
on whether an OEM is applying an existing technology to a new application or developing and
implementing a new technology. The key factors which affect the lead times in the product
development process are the level of change required (e.g. clean sheet design vs. major upgrade vs.
minor upgrade) and collaboration, platform sharing, joint ventures and trading. OEMs will plan cycles
of vehicle and powertrain development which indicate when vehicle models / engines will be
upgraded/refreshed/replaced etc. These plans usually span up to 10 years but will be more detailed
for the first 5 years in terms of capital investment and resourcing requirements. The key factors which
affect cycle plans are budget, resource and economic constraints.

For the OEMs, selected vehicle models and engine platforms analysed in this study the following

conclusions could be drawn:

1 On average vehicle models have a platform change every 6 i 8 years and are refreshed with a
face-lift between 2-4 years after a platform change.

1 Engine platforms have a long lifespan, typically 10 i 15 years but during that time will have minor
or major upgrades and additional variants added. There is no typical timing pattern for the
introduction of new variants or upgrades (it is dependent on the OEM and engine platform) but in
general minor upgrades/variants to engine platforms are added fairly frequently (e.g. higher
power variant) and major upgrades/variants added less frequently occurring anywhere from 3 to
7 years (e.g. a turbocharged variant of a naturally aspirated gasoline engine).

1 Vehicle platform changes / facelifts and engine variants / upgrades are staggered so that
changes to all vehicle models or all engine platforms are not all made within the same year.

1 There is a relatively good degree of fit between the engine cycle plans and the planned
introduction dates for noxious emissions (Euro 5 and Euro 6).

m ;g?ﬁ;’:ﬁ‘?" Framework Contract on Vehicle Emissions 9
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1 There is no distinct pattern/fit between the engine cycle plans and vehicle model platform
changes compared to the CO, legislation introduction dates but there are some model platform
changes and planned introductions of new engines in the 2012 7 2015 timeframe and some
planned vehicle platform changes in the 2016 i 2020 timeframe (public domain data not
available to comment on engine platform upgrades / introductions in this timeframe) which will
contribute to the planned 2020 target of 95g/km for the OEMS, vehicle models and engine
platforms analysed in this study.

The analysis above indicates t hareweahimedtdmeettplarmedr sé dev
introduction dates of noxious emissions but currently less aligned to the planned 95 g/km CO, target

in 2020. OEM cycle plans typically span up to 10 years, which means that detailed plans (in terms of

budget and resource requirements) for the next 5 years to 2015 and basic plans up to 2020 are likely

to already be in place

The length of the product development cycle (up to 5 years in some cases) and the fact that OEMs
may already have basic vehicle and engine cycle plans in place from 2015 up to 2020, highlights a
potential need for 95 g/km CO, legislation to be finalised as early as possible and as a minimum 5
years before its implementation date. This will provide certainty for OEMs and enable them sufficient
time to consider it in their vehicle and engine cycle plans whilst they are not heavily detailed and the
product development processes are not yet underway.

Costs for meeting 95 g/km in 2020 using mass / footprint
as utility parameters

Overall costs and distributional impacts based on main cost curves

Detailed cost assessments per manufacturer have been carried out for mass and footprint as utility
parameters. The cost assessment model used for this exercise is an updated version of the model
developed for studies in support of the 130 g/km target for 2015". Options for implementing the 95
g/km legislation for passenger cars have been quantitatively assessed with respect to average
additional costs per car for meeting the target and especially the distribution of required CO,
reduction efforts and associated costs per vehicle over the various manufacturers / manufacturer
groups selling cars in Europe and over the six market segments discerned in the model (small,
medium and large vehicles running on petrol or diesel).

Setting a target for the sales weighted average CO, emissions per manufacturer implies that
manufacturers are allowed to perform internal averaging, i.e. the excess emission of one vehicle that
emits more that the target value can be compensated by other vehicles that emit less than their
specific target values. Based on the cost curves and using average data per segment for each
manufacturer derived from available 2002 and 2009 sales databases, the model calculates the
distribution of reductions per segment that yields the lowest overall costs for meeting the sales
averaged target, in terms of additional manufacturer costs. This solution is characterised by equal
mar gi nal cost salldegmemse r g/ km) i n

The costs for meeting the 95 g/km target using mass and footprint as utility parameters are
summarized in Table 3. Costs are expressed relative to 2009 as well as to a reference scenario in
which the 130 g/km target is maintained beyond 2020. The difference between the two is the costs,
in 2020, for reducing emissions from the 2009 levels to the levels needed to meet an average of 130
g/km.

TNO/IEEP/LAT 2006 - Review and analysis of the reduction potential and costs of technological and other measures to reduce CO,
emissions from passenger cars. Contract nr. S12.408212, October 2006

IEEP/ CE Delft / TNO 2007 - Possible regulatory approaches to reducing CO, emissions from cars. Contract Nr.
070402/2006/452236/MAR/C3, October 2007
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Table 3 Results with respect to average cost impacts (expressed as absolute manufacturer cost increase)
for meeting the 95 g/km target for passenger cars in 2020 with a 100% slope limit function and
mass and footprint as utility parameters, relative to 2009 and to a reference scenario in which 130
g/km is maintained.

Utility parameter: reference mass Additional manufacturer costs [U]
Slope: 100% pS pM pL ds dMm dL Average
Relative to 2009 2199 2390 3872 1719 2119 2697 2188

Relative to maintaining 130 g/km 1852 1653 1993 1552 1748 1930 1750

Utility parameter: footprint Additional manufacturer costs [U]
Slope: 100% pS pM pL ds dM dL Average
Relative to 2009 2166 2400 4189 1657 2145 3160 2197

Relative to maintaining 130 g/km 1818 1664 2310 1489 1775 2393 1760

Distributional impacts are illustrated in Figure 2 and Figure 3. When slopes of the utility-based limit
function are varied, it is found that for various slope values one or more manufacturer groups are not
able to meet their specific target. These are mostly manufacturers with relatively large vehicles, high
petrol shares and small total sales. As a result of the latter, the overall target is only missed by a
small amount.

The costs, to be made for reaching the target, increase with an increasing slope independent of the
assessed utility parameter. However, the sensitivity of the average costs to the slope value is
relatively small. The average costs for meeting the target appear slightly higher for footprint than for
mass. However differences are negligible.
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Figure 2 Relative retail price increase compared to 2009 per manufacturer for utility-based limits applied
per manufacturer for mass as utility parameter. A grey bar indicates a manufacturer exceeding
the target for a certain slope even with maximum reduction.
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Figure 3 Relative retail price increase compared to 2009 per manufacturer for utility-based limits applied

per manufacturer for footprint as utility parameter. A grey bar indicates a manufacturer
exceeding the target for a certain slope even with maximum reduction.

How the costs per manufacturer depend on the slope of the limit function is mainly determined by the

manufacturerés average utilitrywgeal ud reéleatmavneuftact uh
below the average the costs increase with increasing slope, and vice versa. The sensitivity depends
on the distance of the manufacturerdés average utilit

In general the targets defined by limit functions based on mass as utility parameter are met by more
manufacturer groups than for footprint based targets. For the specific manufacturers for which this
applies the average footprint is further away from the overall average than is the case for their
average mass.

Impact of electric vehicles on the costs for meeting the target

Assessing scenarios that include different levels of market penetration of various types of electric
vehicles (EVs: plug-in hybrids, range-extended electric vehicles and full electric vehicles) shows that
manufacturing and selling electric passenger vehicles can become a cost effective means for
achieving the 2020 target of 95 g/km. Under a given sales-weighted target the estimated additional
manufacturing costs for the electric vehicles are more than offset by reduced costs for CO, reduction
in conventional vehicles (as based on the main 2020 cost curves described above). This is due to the
low type-approval CO, values of plug-in hybrids and range-extended electric vehicles and the fact
that full-electric vehicles count as zero-emission for the CO, legislation. This leads to a reduction of
the efforts required to reduce CO, emissions in the remaining conventional vehicles and hence lower
additional costs for these vehicles. The penetration of EVs leads to a slight reduction of the additional
manufacturer costs for meeting the target, irrespective of the utility parameter.

Al t hough -td-vhhee edltéa e EW) ons from electric drive trains
towheel 8 (WTW) emissions obviously are not. Dependi ng
emissions could be as high as the WTW emissions from cars running on fossil fuels. However, with

clear objectives at the European level to improve decarbonisation of the electricity sector by 2020, it

is likely that average WTW CO, emissions will be lower for vehicles driving on electric energy than

for conventional vehicles.
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Since currently full electric vehicles (FEVs) are attributed zero emissions within the fleet average
system, there is no legislative incentive for manufacturers to improve the energy efficiency of FEVs.
However, a strong incentive for that is likely to come from customer demands with respect to
increased range and reduced costs.

In order to realistically account for the CO, impact of electric vehicles, it is necessary to understand
their total CO, impact (including upstream emissions for electricity production and their impact on the
real-world emissions of conventional vehicles) and to define an approach for handling them with
respect to the European CO, regulation. The question of whether it is desirable to account for the
WTW emissions depends on numerous economical, political and societal factors. Recommendations
to resolve this future issue are not made within this study.

Marginal costs for meeting the target and implications for excess premiums

If the average CO, emissions of a manufacturer's 2020 sales of new cars exceed the manufacturer
specific target, the manufacturer has to pay an excess premium for each car registered. According to
Regul ation No 443/ 20009, this premium amounts
onwards.
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Figure 4 Marginal costs for realising the final g/km CO; reduction to meet the manufacturer specific target

in 2020 for every analysed manufacturer group for both reference mass and footprint as utility
parameter and a 100% slope limit function. The grey bars indicate manufacturers that can not
reach their target even with the maximum reduction possible.

For every manufacturer Figure 4 depicts the marginal costs for realising the final g/km CO, reduction
to meet the manufacturer specific target in 2020. The figure shows that the excess premium level
from 2019 onwards is slightly higher than the average marginal cost for every manufacturer (which is
G 91 g/ km) . Th e fexdess premiumtshouldsproVide enmugh incentive for the majority
of manufacturers to reduce the CO, levels of their vehicle fleet to the target rather than paying the
penalty for exceeding the target. In order for the excess premium to be an incentive for all
manufacturers (apart from the ones not being able to meet that target at all) to reach their equivalent
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Conclusions from the analysis of three scenarios with alternative cost curves

Table 4 and Table 5 present the impacts on the costs for meeting 95 g/km in 2020 of using
alternative cost curves reflecting three scenarios that explore possible reasons for why costs might
be lower than found in the assessment presented above:

a) Alternative accounting for progress observed in the 2002-2009 period
b) Alternative cost curves based on a modified technology table including data from EPA studies
¢) Combination of a) and b)

Assessments for footprint as utility parameter yield similar results. As was to be expected from the
comparison of cost curves in Figure 1, assuming that a large part of the progress made between
2002 and 2009 is to be attributed to other origins than application of technologies from the cost
curves |l eads to costs for meeOtlawerghantfdr the case bages ton
the original cost curves. Using alternative data for costs and reduction potentials of hybridization and
weight reduction from EPA studies has a more limited effect. The combination of scenario a) and b)

t hat

|l eads to costs that are about 0 1000 | ower than t

Table 4 Comparison of the impact of different scenarios on additional manufacturer costs per segment
relative to 2009, with reference mass as utility parameter and a 100% slope limit function

Addi ti onal manufacturer ¢

based on 2020 based on based on based on
Utility parameter  [Slope cost curves "Scenario a)" | "Scenario b)" | "Scenario c)"
60% 2186 1596 1717 1203
Mass 100% 2188 1595 1715 1198
60% 2191 1601 1728 1213
Footprint 100% 2197 1605 1732 1210

Table 5 Comparison of the impact of different scenarios on additional manufacturer costs per segment
relative to maintaining 130 g/km, with reference mass as utility parameter and a 100% slope limit
function

Addi ti onal manufacturer cost

based on 2020 based on based on based on
Utility parameter  |Slope cost curves "Scenario a)" | "Scenario b)" [ "Scenario c)"
60% 1748 1159 1280 765
Mass 100% 1750 1158 1277 760
60% 1754 1164 1290 775
Footprint 100% 1760 1168 1294 772

Results for the scenarios a) to ¢) would change the conclusion from the assessment of impacts of
introducing EVs by 2020 as presented above. The lower costs for meeting the target by means of
reducing CO, emissions from conventional vehicles will mean that additional costs for manufacturing
EVs will no longer be outweighed by reduced costs for reduced efficiency improvements in
conventional vehicles.
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Conclusions with respect to the choice of utility parameter
and limit function

Comparison of reference mass and footprint based on additional manufacturer cost

The results of the cost assessment and distributional impacts do not significantly contribute to the
selection of the preferred utility parameter. Differences in cost and distributional impacts are found to
be too small to motivate the choice.

In the analysis of distributional impacts a footprint based limit function leads to an extra manufacturer
group not being able to meet its target compared to the case with mass as utility parameter.
However, the sales share of this manufacturer group is only 0.7% of total sales. Similarly to the cost
comparison between the two parameters, this difference does not seem significant enough for
selecting a favourable utility parameter.

Finally, the difference in distributional impacts between the mass and footprint-based limit functions,
lies mainly with large petrol vehicles. These vehicles tend to have relatively higher costs for footprint
than for mass. Therefore manufacturers such as Chrysler, Spyker (incl. Saab) and Tata (incl. Land
Rover and Jaguar) have higher additional manufacturer costs for reaching their target. On the other
hand, manufacturers with higher sales volumes, such as Ford, have lower manufacturer costs when
a footprint-based limit function is applied.

Comparison of reference mass and footprint based on impacts of the penetration of
low emitting vehicles

The penetration of various types of electric vehicles could potentially lead to a reduction of additional
manufacturer costs to meet the target of 95 g/km. However, the impact from this penetration is very
similar for both utility parameters. For scenarios with different levels of EV penetration the differences
between the additional manufacturer costs based on either mass or footprint as the utility parameter
are below 0.6%. This difference also seems too small to motivate the choice of the favourable utility
parameter.

Comparison of reference mass and footprint in the context of applying an additional
vehicle-based CO; limit

Conclusions with respect to the option of applying an additional vehicle-based CO, limit are
presented below. Additional manufacturer costs, in case vehicles exceeding an additional vehicle-
based CO, limit are excluded from the market, are found to be slightly lower for footprint compared to
mass as utility parameter. On the other hand, the usage of footprint as utility parameter, leads to the
exclusion of more vehicles, which can be perceived as a negative effect. Finally, the cost reduction
per excluded vehicle is very similar for both utility parameters. The option to apply a vehicle-based
limit function therefore provides no ground to decide upon a favourable utility parameter.

Choice of favourable utility parameter

Since no obviously favourable utility parameter arises from the cost assessments, the choice will
need to be based on general pros and cons as discussed above. From these pros and cons two
potential effects of the utility parameter choice seem more important than other ones.

Firstly, a relevant argument is that mass reduction will be an important measure for future CO,
reduction beyond 130 g/km. If mass is used as a utility parameter, applying this measure is made
unattractive, since it would lead to a stricter CO, target for a manufacturer. The European
Commission has the possibility to adjust the limit function when changes in average mass are
observed, and for the case of mass reduction this would lead to higher specific targets per
manufacturer for given utility values. This would compensate the reduced effectiveness of weight
reduction as CO, reducing measure in relation to a mass-based limit function. Nevertheless mass as
utility parameter provides a first-mover dilemma to individual manufacturers. Since the choice for
footprint as a utility parameter would not influence the CO, target of a manufacturer in case of light
weighting its vehicles, this parameter seems favourable from this perspective.
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Moreover the argument that footprint is a better measure for utility is a valid one from a consumer
perspective. Consumers tend to buy certain vehicles because of their size, e.g. to transport more
people or goods or to transport people with more legroom and comfort, while they do not purchase a
certain car because it is heavy. Since footprint is a much better proxy for vehicle size and resulting
utility than mass, footprint seems favourable from a consumer perspective and might increase the
acceptance of legislation and other measures (e.g. CO, labelling or taxation schemes) based on this
utility parameter.

As a result of these arguments, footprint seems to be the favourable utility parameter.

A risk of changing the utility parameter could be that European policy making on cars and CO, is
perceived by stakeholders as inconsistent, and might make critical stakeholders wonder what
changes are to be expected for a next generation standard beyond 2020. The evaluation of
alternative utility parameters, however, has made clear that other options generally do not provide
any significant advantages compared to footprint but usually do have disadvantages and aspects that
make them less practical or even unfeasible in practice. Whereas mass was chosen for the 2015
target, partly because the at least equally attractive alternative of footprint was not available due to
the absence of data in the Monitoring Mechanism, there are no alternatives in view now that are
potentially better than footprint or mass but can not be applied yet for practical reasons.

Conclusions with respect to the slope of the limit function

A linear utility-based limit function is preferred over truncated utility-based limit functions with floors
and ceilings, since in the European market situation floors and ceilings of non-linear limit functions do
not have significant impacts unless they are set at unreasonable levels.

Having selected a linear function, the slope can be chosen such that vehicles with higher utility value
are allowed proportionally higher CO, emissions. However, making the slope too steep can lead to
gaming by manufacturers whereby increasing the vehicles utility would bring the vehicle closer to the
target line despite additional emissions resulting from the increased mass or footprint. Analysis of
various slopes indicates that a 100% slope might be preferred for the 2020 target.

The 100% slope for the 2020 mass-based limit function based on 2009 data is a much flatter
absolute slope than the 100% slope for the 2015 limit function based on 2006 data. The 100% limit
function for 2020 based on 2009 data is even slightly flatter than the limit function for the 130 g/km
target for 2015, which was a 60% slope function based on 2006 sales data. As the 2015 limit function
was found to be sufficiently flat to prevent gaming, the slope for 2020 does not need to be lowered
below 100%. Footprint is a utility parameter that is more difficult to game with than mass, since
changing it requires complex and expensive structural changes to the design and construction of the
vehicle. However, to prevent incentives towards larger cars, also here the limit function cannot be too
steep.

With respect to the distributional impacts of the slope the following can be concluded:

1 Some manufacturers will not be able to meet the target irrespective of the slope, while for very
low slope values for both mass and footprint as utility parameters one manufacturer group is not
able to meet its specific target.

1 A second general conclusion is that costs, to be made for reaching the target, increase with an
increasing slope independent of the assessed utility parameter. However, the sensitivity of the
average costs to the slope value is relatively small.

1 Aiming for an even distribution of the distribution of costs per vehicle over manufacturers is a less
appropriate criterion for the 2020 target than was the case for the 2015 target. Between 2002
and 2009 some manufacturers have made more progress than others, and striving for an even
distribution of the costs for moving from the 2009 levels to the 2020 targets would punish early
movers.

From the point of view of distributional impacts there is also no incentive to move to slopes lower

than 100% for the 2020 target.
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Conclusions regarding possible additional measures and
provisions

Super credits

In the current legislation that was introduced to reach a target of 130 g/km by 2015, super credits
were introduced in order to encourage the development and application of propulsion technologies
that lead to very low or zero (tailpipe) CO, emissions, such as battery-electric or hydrogen fuel cell
based powertrains. Such super credits are given to manufacturers until 2015 for every car sold that
emits less than 50 gCO./km. In calculating the average specific emissions of CO,, each new
passenger car with specific CO, emissions of less than 50 g/km is counted as 3.5 cars in 2012 and
2013, 2.5 cars in 2014, 1.5 cars in 2015, and 1 car from 2016 onwards. In principle the super credits
mechanism could be re-introduced after 2016 as long as it is discontinued before the next target
year, since otherwise it would erode the net impact of the CO, legislation. If the super credits
mechanism would be applied in the period between 2016 and 2020, the sales of very low CO,
emitting vehicles (hydrogen or electric) might lead to a decreased incentive for car manufacturers to
reduce CO, emissions of high emitters, since they can compensate for such vehicles.

Even when the mechanism is only applied between 2015 and 2020 it could result in higher net CO,
emissions compared to a situation without super credits. This hazard only increases with more
vehicles becoming eligible. As discussed above the 95 g/km fleet average target could already be
such a strong incentive for manufacturers to market EVs that super credits will be unnecessary as a
provision for the 2020 target.

Additional vehicle-based CO, limit

The current CO, legislation defines for each manufacturer group a specific target for the sales-
weighted average CO, emissions of the new vehicles sold in 2015. For the 2020 target it could be
considered to augment this approach by means of an additional vehicle-based CO, limit that requires
the emissions of individual vehicles to be below a certain value. This limit may also depend on the
vehicl ebds utility. Vehicles exceeding the 1
manufacturers could be required to pay a buy-out premium for selling these vehicles.

A vehicle-based limit should ensure that manufacturers also focus on improving the efficiency of high
emission vehicles rather than relying on low emission vehicles to offset them. Such a limit would
reduce the flexibility that a simple fleet-average target offers the manufacturers, and this may
increase the total costs. However, it could also act as a spur for the development of innovative
solutions which would produce substantial cuts in vehicle emissions at the upper end of the market,
and these solutions could then filter down to the lower and higher volume end of the market as costs
reduce.

The analysis carried out in this study demonstrates that it would be feasible to incorporate vehicle-
based CO, limits into emissions reduction legislation and that a limit could make a useful contribution
towards achieving the overall 95g/km target. The cost curves developed for this study show that in
most cases vehicle emissions could be reduced to the limit assuming that the correct incentives were
in place to stimulate manufacturers to make these reductions.

Various options have been analysed whereby target levels were set in such a way that the different
options would provide the same contribution towards meeting the sales-average 95 g/km target. As
an example vehicle-based limit functions were defined in such a way that bringing all vehicle to at
least the level specified by the limit would result in a sales weighted average of 115 g/km.

In this analysis a linear utility-based limit came out as the most cost-effective option. Truncated linear
l'imit functions with a 6ceilingdé result in |e
ceiling value to provide the same contribution to meeting the average target as for the case of a
linear limit function. A flat limit has the greatest number of vehicles already under the limit, but is the
most expensive of the four options, with disproportionately large reductions being required at the
larger end of the market (both in terms of reference mass and in terms of footprint) and very little in
the way of reductions being achieved at the smaller end of the market.
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The level at which any limit is set will depend on to what extent it is desired that the limit acts to
reduce fleet average CO, emissions towards 95g/km and the magnitude of the costs which the
industry could be expected to bear. For the linear limit function each 5g/km reduction in average CO,
emissions results in additional cost per affected vehicle in the region of 01 2 0 t oParticlLl& 5
attention should be paid to the gradient of the limit as this is the principle parameter which defines
how the costs are spread across the market. If the gradient is set too steep then the costs shift
towards smaller vehicles which tend to be priced lower and sold in greater volumes than larger
vehicles.

The cost curves suggest that the reductions necessary to meet the limits can be made in the majority
of cases, with only a few thousand vehicles (mostly low volume high performance vehicles) being
unable to reduce their emissions to the limit. Revenue generated through a buy-out premium could
therefore be expected to be small compared with the costs of emissions reductions and insufficient to
justify a feebate (or bonus/malus) system whereby the manufacturers with a high emissions
reduction performance would be rewarded using the buy-out credits charged to the manufacturers of
vehicles which cannot be reduced below the limit. Instead the premium could exist to ensure that the
manufacturers are more likely to adopt emissions reductions as the more cost-effective approach of
complying with legislation.

A combined target for passenger cars and vans

Until now CO, legislation has been developed and implemented for passenger cars and light
commercial vehicles separately. A reason for that is that the two vehicle categories represent
different markets, with to a large extent unrelated vehicle models. Given the different characteristics
and applications of passenger cars and vans, the two categories may have different CO, emission
reduction potentials, both from a technical and from an economic perspective.

On the other hand there is also overlap between the categories. The class | and Il segments of the
van market contain a large share of passenger car derived vans. And even for dedicated van
platforms, often engines and other powertrain components are shared with passenger car models.

The latter consideration has motivated the question of whether it would be feasible and beneficial to
bring passenger cars and vans under a common regulatory target.

In general three approaches are identified to arrive at a combined target for passenger cars and

vans:

1. allowing manufacturers to pool their targets for passenger cars and vans, whereby over- or
underachievement in one market can be compensated by under- or overachievement in the
other market;

2. setting a single target for the combined sales of passenger cars and vans in combination with a
single utility-based limit function that is applied to both passenger cars and vans;

3. bringing vehicles / vehicle platforms that are designed to be both cars and vans at the same
time under the passenger car legislation.

Approach 1) is technically feasible for the 2020 targets and does not appear to have major
drawbacks in principle. The viability, however, needs to be determined by detailed impacts that go
beyond generic arguments. These details can not be assessed at this point in time. An important
condition for avoiding undesired consequences is that the marginal costs for meeting the separate
targets for passenger cars and vans are about the same. Pooling on the basis of sales and mileage
weighted CO, emissions is preferred to avoid that shifting reductions from vans to passenger cars
leads to a lower net GHG emission reduction at the overall fleet level.

The impacts of approach 2) strongly depend on the choice of utility parameter. Setting a combined
utility-based limit function is likely to lead to unattainable targets for either vans (mass) or passenger
cars (footprint). The risk of undesirable distributional impacts (disproportionate impacts on a limited
number of manufacturers) is considerable, especially given the fact that for reaching the 2020 target
manufacturers will have to use a substantial part of the available reduction potential and are thus
more | ikely to Ahit the ceilingd of the cost curves.

The main problem with approach 3) is the legal definition of which vans would qualify for inclusion in
the (possibly adapted) passenger car target. Also, this option reduces the room for internal averaging
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which manufacturers have available to meet the specific targets that are set for the remaining light
commercial vehicles that do not fall under the passenger car target.

Important factors that hinder the establishment of a combined target without undesired impacts are

that:

1 the EU27 passenger car sales are 9 to 10 times larger than the sales of light commercial
vehicles;

1 the new van sales consist almost entirely of diesel vehicles, which have a more limited reduction
potential and offer that reduction at a higher cost than petrol vehicles;

1 not all manufacturers sell both passenger cars and vans, and even among those that do the
proportions are very different.

All'in all approach 1) appears the most feasible. However, overall the evaluation of existing evidence
with respect to the different approaches does not seem to create a convincing motivation to strive for
a combined target for passenger cars and vans. Since a final judgment on the approaches is strongly
affected by detailed consequences of the specific way in which the targets are set, the subject would
still benefit from closer scrutiny.

Trajectory of declining annual target values, possibly in combination with banking
and borrowing

Regulation (EC) No. 443/2009 sets a target of 130 g/km to be met in the period 2015-2019 and a 95
g/km target to be met from 2020 onwards. Between 2015 and 2020 the excess emission, for which
manufacturer groups have to pay a penalty, is determined relative to their 2015 target, determined
per manufacturer group using the mass-based limit function.

A trajectory of declining annual targets, setting intermediate steps with constant yearly reductions
between the 2015 target and the target level set for 2020, can be proposed for two different reasons.
First of all it avoids that manufacturers postpone the introduction of fuel efficient technologies to the
last years before the target has to be met. Such behaviour would lead to higher fleet-wide CO,
emissions in the last years than the situation in which efficient cars are introduced earlier in
anticipation of the target year. Secondly a trajectory of declining annual targets may increase the
likelihood that manufacturer groups actually meet their 2020 specific emissions targets. Such a
provision would then involve excess emission premiums relative to the annual targets rather than to
the 2015 target.

The analysis carried out shows that a trajectory of declining annual CO, targets for manufacturers
prior to the 2020 target year can prevent extra CO, emissions from the fleet over a longer time
period. The impact of stepwise targets on the total annual CO, emissions from passenger vehicles in
the 2015-2040 period is limited to a few percent relative to a worst case scenario in which
manufacturers only implement the required reductions close to the 2020 target year. Still, this
difference is equivalent to the effect of an approximately 3 g/km higher fleet average CO, level over
the period between 2015 and 2040. This indicates that the effect of the declining targets i or of the
absence thereof 1 can be significant, and hence that they should be considered as an additional
provision and in particular as a risk management measure.

Banking and borrowing is a recommendable flexibility mechanism in addition to such a trajectory
since such short periods between targets leave relatively little headroom for manufacturers to steer
for these annual targets. This relates to their possibilities to adjust R&D programmes and model
development cycles, but also to exterior developments (e.g. unexpected changes in sales
di stribution) that can i nfl yemissioa lewls. Al@wing baalking and
borrowing offers manufacturers the opportunity to compensate for possible overshooting or
undershooting the targets in certain years as a result of these control limitations.

The possible effect on fleet-wide CO, emissions of the introduction of banking and borrowing in
addition to annual decreasing targets is small as long as the banked or borrowed emission
allowances balance is neutralised by the end of the banking and borrowing period and this period is
sufficiently short.
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Banking and borrowing does not provide an incentive for manufacturers to postpone the application
of CO, reducing technologies. Due to the strong non-linearity of the cost curves for CO, reduction,
borrowing CO, credits prior to banking increases the net costs of meeting the target averaged over a
longer time period. Therefore manufacturers will only delay their CO, emissions reduction if the costs
of changing their model cycles are higher than the additional costs of compensating for their
borrowed CO, credits. Hence it is safe to allow banking and borrowing.

In order to manage the risk of manufacturers not being able to balance out a negative amount of CO,
credits, a maximum amount of borrowed CO, credits can be considered.

Mileage weighting

CO, regulation is currently defined in relation to the sales-weighted average of type approval CO,
emissions expressed in gram per vehicle kilometre (g/km). Due to differences in real-world driving
patterns and in lifetime mileages of different vehicle types and vehicle applications, this definition
lacks a strong connection to the total amount of fuel that is actually consumed, and the
environmental impact the purchase of a new vehicle entails.

In principle it is possible to Iink a vehicl
given that the average usage patterns (mileage) are broadly known for all vehicle types. More

detailed,Z"dorder estimates of a vehiclebds total e mi

usage patterns (e.g. distribution over road types or speed-time profiles) in combination with
knowledge of how these affect real-world fuel emissions.

As using more detailed estimates of real-world emissions would certainly not be feasible in a
legislative context, the analysis carried out in this project has limited itself to making a first
exploration of the possibility for and consequences of using a mileage weighted emission target in a
regulatory approach to reducing CO, emissions from passenger cars. Mileage weighting does not
replace sales weighting. Instead weighted averages are determined by multiplying CO, emission
values if individual vehicles with the product of sales and mileage and dividing the sum of that over
all vehicles by the sum-product of sales and mileage over all vehicles.

To be able to set and maintain a mileage weighted target a mileage value needs to be attributed to
each vehicle sold. Since vehicles see an evolution of their usage pattern over their lifetime, namely
by progressively reducing their annual mileage, lifetime mileage values would be needed to reflect a
vehiclebds contribution to t ot dilbeeate manifactorer-spedit,
mileage weighting does not imply the need to determine and work with manufacturer-specific
mileages. In fact, the lifetime mileage value to be attributed at the vehicle level to establish this target
can be determined on different levels of detail, and at least as a first-order approach, it would suffice
to work with manufacturer-independent, fleet average values. This would make it easier to establish
sufficiently representative values as it does not require monitoring the use of all cars. To reflect the
fact that vehicles of different size drive different mileages, the mileage value could be defined as a
function of the utility parameter. Acknowledging that lifetime mileages are markedly different for
petrol and diesel vehicles (and possibly also for other propulsion systems) separate functions for
mileage as function of utility should de defined for different fuel types / energy carriers.

To assess possible implications of mileage weighting calculations have been performed using the
cost assessment model which was adapted to take account of average lifetime mileages for the 6
vehicle segments, derived from TREMOVE data. The cost model was run, for each of the utility
parameters mass and footprint, with the objective of reaching the same amount of total CO,
emissions as in the non-mileage-weighted case, per manufacturer, at minimal cost. The distribution
of reduction efforts between segments thus becomes dependent on the corresponding lifetime
mileages.

It was shown that the lifetime emissions total for all vehicles sold in 2020 can be achieved 2% less
expensively (equivalent to U 600 million) whe
addition to sales. This is due to two reasons. Firstly, larger vehicles with higher emissions generally
cover longer distances, thus increasing the emission reductions that can be captured with CO,
reduction technologies applied to these vehicles. Furthermore diesel vehicles also drive more than
petrol vehicles. Emission reduction in diesels is more expensive than for petrol, but due to the higher
mileage a lower level of reduction per km is needed to reach the overall target.
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Since this task could only consider mileage-based redistribution of the reduction effort (between
segments) within the fleet of each manufacturer rather than between manufacturers, potential further
cost savings may have been left out. Applying mileage weighting also leads to a different distribution
of the contributions of different manufacturers to reaching the overall target. This may have additional
cost impacts.

In any case, this task concluded that including mileage as a weighting parameter:

1 can contribute to a greater efficiency in reaching EU GHG emission targets;

1 makes the achieved net GHG emission reduction insensitive to the way in which manufacturers
choose to distribute their reduction efforts over different market segments / models;

1 will help to reach the intended overall GHG emission reduction in a more cost-effective manner
by taking account of the fact that CO, emission reduction technologies have more impact in cars
that drive more.

But more analysis is needed to assess the full effects of mileage weighting as well as to further

determine practical implications.

A major concern that needs to be addressed is the establishment of robust and accepted mileage
values, which at least should be recorded in function of an appropriate utility parameter and the fuel
type, but possibly also specific for each manufacturer. This can be done through surveys or improved
inspection/reporting procedures, for which discussions with the relevant sectors will be needed.

Conclusions with respect to additional issues affecting the
impacts of CO, legislation for passenger cars

Greenhouse gas emissions of life-cycle aspects

Changes in vehicle technologies not only affect the CO, emissions in the use phase, but may also

l ead to changes in the GHG emissions occurring in ot
the manufacturing of materials and components, vehicle manufacturing and vehicle disposal and

recycling.

For the CO,-reducing technologies that are expected to be applied to conventional vehicles in
response to CO, legislation the emission improvements in the use phase are found to more than
outweigh additional emissions from the manufacturing phase. Application of light-weight materials is
found not to increase CO, emissions from vehicle production.

A review of recent life cycle assessment studies showed that for hybrid, plug-in hybrid and battery-
electric vehicles GHG emissions in the production and end-of-life phase are significantly increased
compared to conventional vehicles. For battery-electric vehicles the additional GHG emissions
divided by the lifetime mileage are estimated to amount between 5 and 20 g/km. The value varies
with battery size, type and energy density. However, there is quite a large variation in the literature
on this issue, and differences between studies can not always be explained by these factors.
Nevertheless it is clear that emission from production of battery-electric vehicles are non-negligible
although in most countries still more than outweighed by the GHG emission advantages that these
vehicles have in the use phase.

Rebound effects of improved fuel economy

CO,, regulation has an impact on the purchase price of new vehicles, as well as on the cost of driving.
This may affect both purchasing behaviour and driving behaviour. The initial hypothesis, which
requires confirmation and quantification, is that lower driving costs will increase driven mileage,
cause people to drive with less attention to their fuel consumption, and thus cause extra CO,
emissions. This is a rebound effect that reduces the net impact of the regulation.

A first order assessment has been carried out on the basis of elasticities and other applicable
economic methodologies found in literature as well as a detailed analysis of results from previous
TREMOVE calculations, carried out in relation to the CO, legislation for passenger cars. The
literature review concludes that the elasticity of fuel consumption with regard to fuel price is between
-0.25 (short term) to -0.6 (long term). As a result a 27% improvement of fuel efficiency, associated
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with the step from 130 g/km to 95 g/km”® leads to a net reduction in CO, emissions of 22.1% (ST) and
15.2% (LT) due to the rebound effect of lower cost of fuel. Elasticities for car ownership and usage in
relation to purchase price could not be found in literature. The analysis of TREMOVE runs indicates
that the combination of improved fuel efficiency and a price increase of 15% may lead to 1 - 2%
additional fuel saving (positive knock-on consequence instead of rebound effect).

Considerations on the relation between costs and prices

Since the adoption of Regulation No 443/2009 CO, emissions from new cars have declined
significantly. At the same time average car prices in the EU appear to have been decreasing in real
terms in recent years. This could be interpreted as proof that CO, reductions are possible at
negligible costs, suggesting that the costs of reducing CO, emissions from passenger cars have
been overestimated in studies underlying the Impact Assessment carried out for Regulation No
443/2009.

In this as well as previous studies the additional costs for meeting the target are calculated relative to
an -RBlsefrdmaining-e qual o baseline. Rel ati ve t o t his
technology is expected to involve additional costs. How these costs affect prices first of all depends
on ways in which manufacturers are able to pass through these costs. Whether pass through of costs
consequently leads to net increase in real car prices depends on the baseline price development
upon which the increases are superimposed. A multitude of factors determine the baseline price
development. These include e.g. increased commonality of parts and sharing of platforms and
powertrains, relocation of production and manufacturing, improved operations with respect to e.g.
managing inventories and supplies, reducing manufacturing costs, reducing costs of other
components than the ones applied to reduce CO, emissions, and increased pressure on other parts
of the value chain to reduce costs. Furthermore vehicle prices are affected by resource prices,
exchange rate fluctuations and changes in taxation. As a result it is concluded that the fact that
average car prices appear to have declined in real terms over the last years does not provide
evidence that ex ante assessments overestimated the costs for meeting the 130 g/km target. At the
same time there is also no proof of the contrary.

527% =117 95/130
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1 Il ntroducti on

1.1 Context and objective of this project

In COM(2007) 19° and SEC(2007) 60’ the European Commission outlined its plans for a Community
Strategy for reaching the EU objective of reducing CO, emissions from new passenger cars to 120
g/km in 2012. The Commission proposed an Integrated Approach. The main element of this
approach was a regulatory framework for reducing the CO, emissions of the average new passenger
car fleet to 130 g/km by means of improvements in vehicle technology. To bridge the gap between
this new passenger car fleet average and the 120 g/km goal the Integrated Approach comprises
additional elements, like setting minimum efficiency requirements for air-conditioning systems,
compulsory fitting of accurate tyre pressure monitoring systems, setting maximum rolling resistance
for tyres, use of gear shift indicators, efficiency target for vans and the increased use of biofuels. This
strategy has been evaluated by the European Commission in 2010 [EC 2010].

In December of 2007 the Commission presented a detailed proposal8 and accompanying Impact

Assessment’ for the regulatory framework to achieve a new car fleet average of 130 g/km.

In December 2008 the European Parliament and Council reached an agreement through a co-

decision procedure on the details of the CO, legislation for passenger cars, laid down in Regulation

No 443/2009'°. Some important elements of the agreement include:

9 Limit value curve: the fleet average to be achieved by all new passenger cars registered in the EU
is 130 grams per kilometre (g/km). A so-called limit value curve implies that heavier cars are
allowed higher emissions than lighter cars while preserving the overall fleet average.
Manufacturers will be given a target based on the sales-weighted average mass of their vehicles.

1 Phasing-in of requirements: in 2012 65% of each manufacturer's newly registered cars must
comply on average with the limit value curve set by the legislation. This will rise to 75% in 2013,
80% in 2014, and 100% from 2015 onwards.

1 Long-term target: a target of 95 g/km is specified for the year 2020. The modalities for reaching
this target and the aspects of its implementation will have to be defined in a review to be
completed no later than the beginning of 2013.

A number of implementing measures, detailing various provisions and procedures of the CO,
legislation for cars, are still to be designed and adopted through a comitology procedure. These
implementing measures cover issues relating to™":
1 special derogations for niche and small volume manufacturers and for market entrants;
1 monitoring CO, emissions and other features (e.g. footprint) from newly registered light duty
vehicles;
9 the contributionofso-c al | ed nim®va@at i greductonso CO
0 These are technical measures applied to vehicles which reduce the energy consumption and
CO, emissions under real-world driving conditions but that do not affect the CO, emissions
as measured on the type approval test. Examples are waste heat recovery, solar roofs and
LED lighting.

An important development, especially with respect to the target for 2020, is the on-going work in UN-
ECE (GRPE) work on defining a new light-duty vehicle test procedure (with the focus on developing
a representative and world-harmonised driving cycle). This revised test procedure should better
reflect real-world driving conditions and should take into account whenever possible the contribution
of eco-innovations. Adoption of a new test cycle would require translation of the 95 g/km target,
defined on the NEDC cycle, to an equivalent target for the new cycle. Other changes in the test

COM(2007) 19: Results of the review of the Community Strategy to reduce CO, from passenger cars and light commercial vehicles,
7.2.2007.

SEC(2007) 60, Impact Assessment, accompanying document to COM(2007) 19, 7.2.2007.

COM(2007) 856, Proposal for a Regulation of the European Parliament and of the Council setting emission performance standards for new
passenger cars as part of the Community's integrated approach to reduce CO, emissions from light-duty vehicles, 19.12.2007.

SEC(2007) 1723, Proposal from the Commission to the European Parliament and Council for a Regulation to reduce CO, emissions from
passenger cars, DRAFT Impact Assessment, 19.12.2007.

1 REGULATION (EC) No 443/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 setting emission
perfomance standards for new passenger cars as part ;enfissianhfomi@btaumtyuni t yds i nt e
vehicles, see: http://ec.europa.eu/environment/air/transport/co2/co2_home.htm

See http://ec.europa.eu/clima/documentation/transport/vehicles/cars_en.htm
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procedure (test conditions, tolerances) may also require further work in the definition of the 2020
target.

In the CO; and cars regulation (Regulation (EC) No 443/2009) it is stated in Article 13 that a review
would be carried out by the European Commission no later than the beginning of 2013 in order to
define the modalities of reaching the 95 g/km target for the new car fleet by 2020. The support for
this review is currently being carried out within the Framework Contract on Vehicle Emissions by
TNO, in association with AEA, CE Delft, Okopol, Ricardo, TML and IHS Global Insight (Reference
ENV.C.3/FRA/2009/0043).

1.2 This report

Work in this project is organised in the following tasks and subtasks.

1. Cost and potential of CO, reduction options for 2020 and further
Task 1.1 Cost and potential of CO, reduction options for the longer term
Task 1.2 Current state-of-the-art technologies

Task 1.3 Model cycles

2. Alternative utility parameters
Task 2.1 Database consolidation
Task 2.2 Footprint

Task 2.3 Transport utility

3. Modalities for 95 g/km in 2020
Task 3.1 Preliminary evaluation of options for modalities
Task 3.2 Update of cost assessment model for passenger cars

Task 3.3 Assessment of average additional vehicle costs per manufacturers for
manufacturer-based modalities

Task 3.4 Assessment of impacts of vehicle based CO, limit

Task 3.5 Development of cost assessment model for assessment of combined target for
passenger cars and vans

Task 3.6 Assessment of impacts of a combined target for passenger cars and vans

Task 3.7 Evaluation of results for various options and development of proposals for favourable
modalities

4, Investigation of further aspects

Task 4.1 Consequences of additional provisions in the definition of the 2020 target
Task 4.2 Consequences of mileage weighting

Task 4.3 CO, emissions of various life-cycle aspects

Task 4.4 Rebound effects

5. Best available technologies in 2007
Task 5.1 Analysis of IHS database

Task 5 was a review providing input to the definition of provisions for derogation in the present
legislation, specifically the derogation of new market entrants selling between 10,000 and 300,000
vehicles in 2015. Results have been reported to the European Commission in a separate report.

This report also contains an additional deliverable, included after the core work of Task 3 (Chapter
14). This note focuses on the link between the costs associated with the introduction of CO,
reduction technology and car prices.
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2 Cost curpraesssdmger pear 1 on
and diesel

2.1 Introductio n

This chapter describes the development of cost curves for CO, reduction in passenger cars by
means of technical measures aimed at achieving CO, emissions of 95 g/km for new passenger cars
in 2020. The applied method is similar to the method used in the 2006 study by TNO [Smokers 2006]
in which costs curves for the 2012-2015 period were developed, and which have served as the basis
for assessing impacts of the 130 g/km target set for 2015. In a more recent study [Sharpe & Smokers
2009] indicative long term cost curves, based on a limited number of technological measures and
packages but including expected impacts of learning effects, were constructed as input for a first
assessment of possible 2020 target levels. For a more detailed assessment of different modalities for
implementing the agreed 95 g/km target, the current study reviews the development of costs and
CO, reduction potentials of options already identified in the 2006 report, identifies new options and
constructs cost corves for 2020 using a methodology that is largely the same as the one used for the
2006 study. The method description is partly taken from that 2006 study, but dissimilarities are
mentioned explicitly. Also in this case the work was carried out in four main steps:

9 collection of information on reduction potentials and costs of technological measures for reducing
CO, emissions from passenger cars on petrol and diesel, on the basis of literature review, in
house expertise and consultation of car manufacturers and component suppliers and their
industry associations;

9 identification per technical measure of the costs and CO, reduction potential to be used for
constructing cost curves;

9 estimating total costs and CO, reduction potentials of all possible packages of technical measures
that can be combined;

9 defining cost curves on the basis of the "clouds" of data points generated by the costs and CO,
reduction potential of all feasible packages.

Differences mainly concern improvements in the approach for drawing cost curves on the basis of
data for a large number of packages of individual measures.

In section 2.2, the methodological aspects are explained in detail, clarifying assumptions and
definitions. Thereafter, in section 2.3 the technological options and the corresponding reduction
potentials and costs are presented as well as the resulting cost curves. In section 2.5, the
constructed curves are compared to curves presented in previous studies. Conclusions are drawn in
section 2.7.

2.2 Methodology for developing ¢ ost curves

2.2.1 Goal of developing cost curves

This study covers a detailed assessment of the technical feasibility, CO, reduction potential and
costs of technical measures at the vehicle level which can be implemented by manufacturers in
support of achieving a 95 g/km goal. These measures include technical options to improve engine
and powertrain efficiency and to reduce vehicle weight and resistance factors.

2.2.2 Approach

As stated before, the starting point for the analysis are the methodology and results of a previous
2006 TNO study [Smokers 2006]. Data collection formats and other parts of the methodology for that
study were used now to assess the costs and reduction potentials of technical measures for the 2020
period.

As in the 2006 study, baseline vehicles are identified for three car segments and two fuel types, i.e.
small / medium / large passenger cars on petrol and diesel. The baseline vehicle is defined as a
passenger car lacking the CO, reduction technologies identified by the framework partners and the
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various parties that filled in the questionnaire. Since cars in the year 2002 fit these characteristics
well, the average new sold car in 2002 is used as the baseline vehicle. All costs and reduction
potentials for individual measures identified in this report are relative to that 2002 baseline vehicle.
Therefore, the baselines are calculated as sales weighted averages of cars sold in the three
segments in 2002.

These market segments are defined based on the typical marketing division as follows. Names in
brackets are IHS Global Insight defined segments:

1 A:City (A) 1 Small MPV (MPV-B + MPV-C)

1 B: Supermini (B) 1 Standard MPV (MPV-D)

1 C: Lower Medium (C1 + C2) 1 Luxury MPV (MPV-E)

1 D: Upper Medium (D1 + D2) 1 Compact SUV (SUV-A, SUV-B + SUV-C)

1 E: Executive (E1) i Standard SUV (SUV-D)

1 F: Luxury (E2) 1 Luxury/ Full Size SUV (SUV-E)

1 G: Super Luxury / Sports (F1 + F2)

For the pur pos e of this study, fimedi umo i s defined as

encompass the classes below and above C, respectively.

As a starting point for discussions with and information collection from industry representatives and
independent experts a table has been drawn up by the consortium, listing a wide range of relevant
individual technical measures (introduced after 2002) at the engine, powertrain or vehicle level. This
table has been completed by collecting information (e.g. costs and CO, reductions of technical
measures) from the following sources:

9 various stakeholders, e.g. car manufacturers, component suppliers and their European
associations;

independent experts within the consortium and

additional literature review (e.g. [Lotus 2010], [Valentine-Urbschat & Bernhart 2009], [Hucho 2009]
and [Imam et al. 2009)).

f
f

For collecting information from industry a questionnaire has been developed, with clear specification
of the requested data and useful explanations. Consultation of the industry was coordinated through
the associations ACEA and CLEPA and various individual manufacturers and component suppliers.
The European Commission sent this questionnaire to ECEA and CLEPA, which also submitted
responses to this questionnaire themselves.

Information from the various sources has been critically assessed in order to arrive at single point
estimates for the costs and CO, reduction potential (as measured on the NEDC cycle) of individual
technologies to be used as input for the formation of cost curves.

Subsequently, all possible packages of technical measures have been identified in which two or

more of the above technical options can be combined for application in a vehicle. For each package

the overall CO, reduction potential (in [%] comparedtobas el i ne) and additional CcC o
possible package has been determined.

Finally the cost curve approach from [Smokers 2006] is used to assess additional costs at the vehicle
level for packages of technical measures reaching various levels of CO, emission reduction. These
are expressed as continuous cost curves for small, medium-sized and large vehicle running on petrol
respectively diesel.

2.2.3 Cost definitions
In the context of this study three main cost definitions are discerned:
1 manufacturer costs = ex-factory costs assuming large-scale production volumes

1 costs to society, to be used in the calculation of CO, abatement costs = all costs excluding taxes
9 consumer costs = retail price including taxes
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Basic data from different sources on the costs of technological options in this report are compared on
the basis of manufacturer costs. Manufacturer costs include all direct costs to produce a vehicle
(purchase costs of materials and components, tooling costs, labour costs, etc.) as well as a
proportional share of company overheads (R&D, management, marketing, etc.). As said,
manufacturer costs are based on the presumption of large-scale production. (> 100,000 p.a. per
manufacturer)

The costs of technical measures to reduce CO, emissions, which are assessed in the following
chapter, are expressed as manufacturer costs.

2.2.4 Definition of CO, emission reduction potential

The 95 g/km target as defined for 2020 in the CO, legislation for passenger cars, laid down in
Regulation No 443/2009, relates to the average emission of new passenger cars as measured in the
Type Approval test. This test uses the NEDC driving cycle and prescribed testing conditions. As a
consequence all CO, reduction potentials estimated in this report for the purpose of constructing cost
curves are valid for the CO, emission as measured on the Type Approval test.

The real-world (RW) emissions and fuel consumption of vehicles can differ significantly from the
values measured on the Type Approval (TA) test. A description of the physical aspects that
determine this difference and an assessment of the average quantitative relation between RW and
TA fuel consumption and CO, emissions is presented in [Smokers 2006]. In that study an average
factor of 1.195 is derived for use in assessments of net CO, emission reductions and fuel cost
savings over the lifetime of a vehicle. Obviously this factor may change as a result of CO, reducing
technologies that e.g. affect the ratio between part-load and full load efficiency of the powertrain but
this aspect is difficult to quantify within the aggregated approach of this study and is therefore
neglected. The issue may require further study in a future project. The limited availability of hybrids
and other advanced powertrains does not yet allow a statistically sound identification of a possible
difference in the translation factor from type approval to real-world [Ligterink 2010] between these
advanced vehicles and vehicles with more conventional power trains.

2.2.5General considerations

In the assessments presented in section 2.3 the following considerations have been taken into
account:

1 Through economies of scale and learning effects production volumes influence production costs.
Generally new technologies become cheaper as more are produced. The TNO-study in support of
defining the Euro 5/6 legislation [Gense 2006] has suggested that there can even be step
changes in the cost of production as the amount produced increases, which can have a significant
impact on cost estimates. Due to the large number of options and packages of various options
this issue can not be accounted for in detail in this CO, focussed study. Instead literature data
have been used that are derived under the assumption of mass volume production, and also in
the questionnaires industrial stakeholders were explicitly asked to provide data that are valid for
the situation of a mature technology and mass production (> 100,000 p.a. per manufacturer).

1 Experience from [Smokers 2006] has taught that it was quite difficult to know whether or to what
extent considerations on cost definitions and on the relation between costs and production volume
had already been taken into account in available cost estimates. This is generally also the case
for the new information collected for this study.

1 Technical changes made to vehicles in order to comply with Euro 6 emission limits are considered
to have no significant effect on the CO, emissions for new Euro 6 cars. For petrol vehicles this is
based on the fact that the emission limits for new petrol Euro 6 vehicles are only marginally
different from the limits for Euro 5. For Euro 6 diesel vehicles it is assumed that additional energy
losses caused by the applied NO, aftertreatment technology are compensated by the engine
efficiency gains that can be obtained as a result of allowing higher engine out NO, emission.

1 Impacts of legislation concerning safety aspects and the end-of-life vehicle Directive are not taken
into account.
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2.3 Technical options to reduce CO, emissions at the
vehicle level

2.3.1 Technological options for reducing TA CO, emissions from passenger cars

In [Smokers 2006] a list of technical options was identified which could be used to improve the fuel
economy and reduce CO, emissions of passenger cars on petrol and diesel in the period up to 2015.
In this study i namely task 1.1.1, which took the list in the Inception Report as a starting point i that
list has been expanded to also include options that have recently become available but were not yet
in the list or that may become available after 2015 to achieve further CO, emission improvement in
the period up to 2020 and even beyond. As a starting point for the assessment the reduction
potential of individual options is assessed relative to a baseline vehicle.

The baseline vehicles

Using Polk Marketing Systems data from 2002, six baseline vehicles lacking CO, reduction
technologies have been identified, as depicted in Table 6. These values differ from the baselines
defined in IEEP 2004, due to improved insights in the segmentation of specific passenger car
models. The baseline technologies for these six baseline vehicles have been identified as presented
in Table 7.

Table 6 Specifications of baseline vehicles, CO, emissions represent TA values
Averages Petrol, | Petrol, Petrol, Diesel, | Diesel, | Diesel, | Grand Total
Small Medium | Large Small Medium | Large
Total CO,
(g/km) 148.7 188.6 264.2 122.8 157.0 212.9 166.6
Vehicle mass
(kg) 956 1282 1698 1046 1396 1816 1246

Source: developed from Polk Marketing Systems data.

Table 7 Baseline technologies
Petrol, Petrol, Petrol, Diesel, Diesel, Diesel,
Small Medium Large Small Medium Large
Engine 4 cylinder 4 cylinder 4/6 cylinder | 4 cylinder 4 cylinder 4/6 cylinder
layout: in-line in-line in-line in-line in-line in-line
Fuel Multi point | Multi point | Multi point | Common Common Common
system: injection injection injection rail direct rail direct rail direct
injection injection injection
Gearbox: | 5 speed 5 speed 5 speed 5 speed 5 speed 5 speed
manual manual manual manual manual manual
(automatic) (automatic)

2.3.2 Generation of the final data set on CO, reduction potential and costs of various
options used for the cost assessment

CO, reduction potential and costs of individual options

Based on an evaluation of the data obtained from literature (as listed in separate section 2.8) and
from various stakeholders, as described above, a final data set has been constructed, describing the
assumed CO, reduction potential and additional costs (in 2010 Euros) of the various individual
technologies studied in this chapterlz. These data, listed in Table 8 and Table 9, are used as input for
the construction of cost curves and the assessment of the overall costs and CO, abatement costs of
reaching the 2020 target of 95 g/km. These measures do not include full electrification, since this is
not so much a technology to be applied to existing cars with existing petrol or diesel engines, but

12

necessarily represent the Commission's view.
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rather a new powertrain technology. More information on key components in plug-in hybrid and
electric vehicles can be found in task 1.1.9. On the other hand, since hybridisation is an adaptation to
petrol or diesel cars, this technology is taken into account.

The cost data presented in Table 8 and Table 9 are additional manufacturer costs compared to the
2002 baseline vehicle. CO, reduction percentages are relative to the CO, emission of the 2002
baseline vehicle in each segment. Naturally some of these technologies have already been
introduced since 2002 for the purpose of achieving the 2015 target. The additional manufacturer
costs do not represent the retail price increase. In fact, sales prices cannot be forecasted or derived
from manufacturing costs with enough precision to drive policy choices. They are determined by
(among other factors) OEM marketing and product development strategies and often have only
limited relation with the actual costs to develop and build specific vehicles. Additional manufacturing
costs can be estimated more robustly.

The data provided by the various car manufacturers and component suppliers were rather similar,
especially when comparing the reduction potential per Euro. Moreover, these inputs were
comparable with values estimated by TNO and Ricardo experts. Given this observation and the large
number of options assessed in this study and the level of expert judgement that has gone into
interpreting and comparing the data from different sources, numbers presented in Table 8 and Table
9 will not be motivated in detail.

As can be seen from the list, the number of options for petrol cars is larger than for diesel vehicles.
The reason for this is that through the introduction of DI engines diesel vehicles have already made a
significant step in fuel efficiency improvement in the period before 2002.

Moreover from the tables it can be observed that the costs for micro hybridisation is different for the
three different petrol segments but not for the three different diesel segments. For petrol cars
additional battery capacity needs to be installed to operate lighting, cabin ventilation, in car
entertainment and other electrical equipment during vehicle stand still with the internal combustion
engine stopped. Contrarily, diesel cars already have this capacity installed for glow plug operation,
which is not needed for re-starting. Therefore this capacity can be utilized to power other electrical
components during idling. Besides additional battery capacity, a DC-DC converter is also needed to
supply a steady voltage to said electrical components. This DC-DC converter is needed for petrol
and diesel cars alike.

Moreover, in contrary to the 2006 study, in which cost curves for 2012-2015 were constructed, the

measure fAcontinuously variable transmissiono is now
clutch transmissiono, which is based on the same r ¢
efficient measure. As a result the continuously variable transmission is not included in the most cost

effective package of CO, reducing measures.

One further difference requires a reference: on the TNO 2006 study it was decided to attribute only
75% of the additional costs for hybridization (mild + full) to the CO, policy. The motivation for that
was that hybrid powertrains not only reduce fuel consumption but were also believed to have
features that increase the added value to the consumer. Examples of that are increased torque at
low speed, increased peak power, seamless and automated transmission, which contribute to either
performance or comfort.

In this study 100% of the costs for hybridization are attributed to the cost curve and the CO, policy.
The reason for this is that the added value identified above is true in comparison with baseline
vehicles, but is much less apparent in comparison to alternative technologies that may be applied to
reach 95 g/km in 2020. Looking at vehicles that are already coming to the market one can see that
e.g. combinations of direct injection in petrol engines, engine downsizing with application of turbo
compression, and dual clutch transmission with more than 6 speeds are used to create vehicles with
significantly lower fuel consumption and at the same time higher performance and smoother driving.
Overall it is thus still true that technologies applied to meet future CO, targets can have added value
in terms of performance and comfort, but quantifying the differences between different routes for
reaching 95 g/km is a dubious exercise. Furthermore one can argue that although these technologies
also bring added value to the user, the large-scale application of especially the more advanced and
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costly options would not be considered by manufacturers in the absence of CO, legislation. For these
reasons it was decided to attribute all costs to the CO, policy in the current assessment.

As can be seen from the comparison of cost curves in section 2.5, the above described change in
dealing with the costs of hybridization will not affect the costs for reaching 95 g/km. The lower
envel ope of the ifcthefigdes inh Amnéx Apsadenknatgdedy packages based on
various levels of engine downsizing, so that changes in assumptions on hybrid technologies do not
significantly alter the cost curves.
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CO, emissions of passenger cars on petrol, assuming large scale production by 2020
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2.4 Generation of cost curves for packages of technical
measures

Using the methodology as described in [Smokers 2006] those options from the lists in Table 8 and
Table 9 that are technically compatible can be combined into packages of measures. This yields a
large number of possible packages, each with a different overall CO, reduction potential and different
overall costs.

The overall CO, emission Epackageof a vehicle with a package of N CO, reducing options is estimated
as:

n
Epackage = Ebaseline 8 P (l- dl)
i=1
with U; the CO, emission reduction of technical option i relative to the CO, emission of the baseline
VehIC|e Ebase”ne

The additional manufacturer costs Cpackageof a vehicle with a package of N CO, reducing options are
calculated as:

n
C package = a Ci
i=1
with C;j the additional manufacturer cost of technical option i.

Obviously the above formula for assessing the overall CO, reduction potential is a 1% order
estimation which may overestimate the overall reduction achieved by two measures that target the
same losses. As an example, in a combination that includes both engine down-sizing and drivetrain
hybridization the fir st opti on i mproves the enginefs part
to avoid the occurrence of part load operation. The overall efficiency improvement of the combination
of the two options will therefore be smaller than the product of the efficiency improvements estimated
for the individual options applied separately to a baseline vehicle. The estimation of the reduction
potential of a package of options can be estimated correctly by means of dynamical computer
simulation of a vehicle comprising the package of options over a driving cycle. This is a time
consuming and information intensive exercise that could not be performed within the budget and
scope of this study. However, some information from available powertrain simulations has been
incorporated in the process of drawing costs curves. This information has been used to develop a so-
called fisafety margind that is used in this
reduction potentials.

This safety margin can considered to also serve an additional purpose. The cheapest packages for a
given reduction level are not necessarily the technical solutions that yield optimal driveability or meet
other design goals besides CO, emission reduction, and may therefore not be the optimal solution
from a broader design point of view or may be more difficult to market.

It is reasonable to assume that the safety margin is the largest at the end of the cost curve, where
many technologies are combined to reach high reduction potentials, and that the correction factor
should decrease for points on the cost curve with smaller reduction levels. This has been
implemented by defining a correction factor (1 i J) that scales linearly with the reduction level,
starting with 3= 0 in the origin of the outer envelope and increasing to a preset maximum value at the
end point of the outer envelope.

For petrol vehicles the end points of the cost curves are determined using a safety margin 3 of 15%

(or correction factor of 0.85) applied to the theoretical maximum CO, reduction potential. This value

for the safety margin was determined based on information available for vehicles in the medium-size

category and was subsequently used also for the small and large vehicle categories. The 15% is

based on a number of factors:

1 Previous work conducted within the consortium which included extensive simulations; see for
instance the Ricardo Low-carbon Roadmap [Ricardo 2009], [McLaggan 2007];
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1 An expert judgement of the total CO, reduction potential of an example full hybrid vehicle as
available on the market today, but with additional light weighting measures assumed to be
applied to both the body in white as well as other components.

For diesel cars a safety margin 3 = 5% (correction factor 0.95) was applied to the end point. The
process of defining the safety margin was much the same for diesel as for the petrol vehicles™® but
resulted in a lower value. This is caused by the fact that a significant part of the technologies
included in the petrol cost cloud are aimed at improving part-load engine efficiency through reducing
pumping losses. For diesel engines this is not the case and as such, a smaller safety margin was
deemed to be appropriate.

In Figure 5 and Figure 6 the blue dots represent the costs (based on manufacturer cost estimates)
vs. net CO, reduction of the various feasible packages. The green lines represent the constructed
cost curves. Starting point for the x-axis and y-axis in these figures is a 2002 average baseline
vehicle of a given class, without any applied CO, reduction measures. Similar cost curve figures in
which the additional manufacturer costs are plotted as a function of absolute reduction of Type
Approval CO, emissions are shown in Annex B.

* As no diesel hybrids are currently available on the market today, public domain data from prototype vehicles
and production-intended vehicles such as the 3008 hybrid HDi was used.
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Figure 5 Development of cost curves for CO, reduction in petrol vehicles for 2020.
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Figure 6 Development of cost curves for CO, reduction in diesel vehicles for 2020.
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The method for defining the cost curves contains the following steps:
1 Definition of the outer envelope

A Starting point of the exercise is the outer envelope (magenta line in graphs above) of the
cloud of data points indicating costs and reduction potentials of all feasible technology
packages. The outer envelope is described by a set of anchor points.

1 Definition of the end point:

A At the right end side of the clouds there are

reduction potential but different costs. Given the almost equal reduction percentage, the
least expensive package (i.e. the lower of two protrusions) is selected as reference for
the end point of the cost curve.

1 Application of the safety margin:

A To obtain the cost curve (green line) the x-value (reduction %) of every anchor point on
the outer envelope is multiplied by (17 ) with Jlinearly scaling from zero to its maximum
value between X = 0 and the maximum reduction potential indicated by the outer
envelope. This creates a set of anchor points for the cost curve.

1 Fitting of polynomials:

A The cost assessment model used to estimate the costs of meeting the target for
individual manufacturer requires cost curves to be defined as continuous mathematical
functions. To this end polynomials are fit through the cost curve anchor points generated
by the steps described above.

A To be able to accurately describe the non-linearities in the cost curves the curves have
been fitted as N™ order polynomials (y = F @ X with i = 1 to n). To make sure that the
marginal costs are monotonously increasing, the fits have been checked to meet the
criterium that the 1% and 2™ derivative are positive in the range of reduction levels that
are relevant for the assessment (near th

This has resulted in the coefficients a; for the general cost curve formula:

9
y:éai@i

i=1

with x the CO, reduction in [%]*andyt he addi ti onal manufacturer
classes of petrol and diesel vehicles the values for the coefficients, together with the approximate
end points of the cost curves (maximum achievable reduction and associated cost), are listed in
Table 10.

Table 10 Coefficient values and end points for polynomial cost curves for petrol and diesel vehicles in 2020,
relative to 2002 baseline vehicles

a9 a8 a7 a6 a5 ad a3 a2 al End % End
p,S 8.134E+05 -9.302E+05 3.859E+05 -6.922E+04 1.319E+04 6.453E+02 60.1% 5870
p,M 1.207E+06 -1.386E+06 5.381E+05 -7.426E+04 9.017E+03 9.985E+02 61.1% 6775
pL  9.431E+07 -2.233E+08 2.180E+08 -1.121E+08 3.226E+07 -5.187E+06 4.602E+05 -1.672E+04 1.574E+03 61.9% 8265
d,s 2.193E+05 -1.757E+05 5.709E+04 9.584E+01 1.657E+03 53.0% 4711
d,m 4.147E+05 -3.757E+05 1.308E+05 -9.708E+03 2.151E+03 53.0% 5571
d,L -1.549E+05 1.069E+06 -8.804E+05 2.701E+05 -2.236E+04 2.585E+03 52.8% 6946

An overview of the resulting cost curves for petrol and diesel is presented in Figure 7 and Figure 8
respectively. From these figures it can be concluded that in general, achieving equal relative CO,
reductions is more costly for larger vehicles than for smaller vehicles. On a detailed level, this trend
can also be observed for individual measures, for example mild weight reduction, applying
lightweight components other than BIW and low rolling resistance tyres. Moreover the cost curves for
the three petrol vehicles classes are closer to each other than the three cost curves for diesel

% |n [Smokers 2006] the CO, reductions of the assessed measures were defined as absolute values, based on
the average TA CO; emissions within a segment (small, medium or large). However, since the TA CO»
emissions within the three segments can still vary quite much per manufacturer, relative reductions seem
more realistic for vehicles deviating from the average TA CO, emissions within a segment.
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vehicles. This is the result of the cost effectiveness of the various measures being more alike for the
three classes.

In the current study reductions are presented as relative values on the x-axis, while absolute
reductions were used in [Smokers 2006]. As a result the cost curves of the three segments are closer
together in this report. Many assessed measures result in equal relative reductions for the three
segments. Since in general the absolute CO, emissions increase with vehicle size, the absolute
reductions for these measures do as well.

The figures depicted in Annex A show the positions of the packages including the CO, reduction

options o6full hybridisationd and/or 6strong Weight r
hybridisation can also include theopt i on of &éstrong weight reductioné.
hybridisationd move up in the cloud with increasing
terms, the cost of a system for full hybridisation is higher for larger vehicles. The fact that the

packages including o6full hybridisationd move wupward
increasing vehicle size, implies that costs of the o

size than other options.
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Figure 7 Cost curves for CO, emission reduction in petrol vehicles in 2020, relative to 2002 baseline
vehicles.
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Figure 8 Cost curves for CO; emission reduction in diesel vehicles in 2020, relative to 2002 baseline
vehicles.

2.5 Comparison between current and previously
presented cost curves

As stated before, similar cost curves for achieving CO, reduction have been constructed in previous
reports. In 2006 a thorough analysis using a methodology very similar to the one used in this report
resulted in cost curves for the 2012-2015 timeframe [Smokers 2006]. These cost curves have been
used to assess the feasibility of various target levels for 2012 and later for assessing impacts of the
130 g/km defined for 2015. In 2009, a simplified approach was used to generate indicative cost
curves for achieving further CO, emission reductions in the longer term (2020) [Sharpe & Smokers
2009]. These were used in a preliminary assessment of the feasibility of reaching average CO,
emissions of 95 g/km in 2020.

In order to compare the current estimates of costs of CO, reduction by 2020 with previously
estimated costs, cost curves from the previous reports are depicted side by side with the current cost
curves in the graphs below. Since in the 2009 report, cost curves were presented for two scenarios
(strong engine downsizing and hybridisation) the figures below show two 2009 cost curves per
segment.

m ;g'r\ﬁzeaﬁo" Framework Contract on Vehicle Emissions 43
ENV.C.3/FRA/2009/0043, Service Request #1



i i GLOBAL
TNO ;o PR (@) sosn

' 8000

Additional Manufacturing Costs [EU
nN (24 L [ N
[=J (=3 (=] (=3 (=4
(=4 (=3 (=4 (=4 (=4
(=] (=] (=] (=] (=]

-
(=
(=4
o

1
0 10 20 30

acepert _SKOpol 73 AEA

Petrol Small

~==2020 Cost Curve (from this study)

=——2015 Cost Curve (from 2006 study)

=——2020 Indicative Cost Curve Fast Penetration of Hybridization (from 2009 study)
=——2020 Indicative Cost Curve Fast Penetration of Strong Downsizing (from 2009 study)

; :
40 50 60

TRANSPORT & MOBILITY
LEUVEN

70
CO2 Reduction [%]
Petrol Medium
9000 : T T T
~-=2020 Cost Curve (from this study)
— =—2015 Cost Curve (from 2006 study)
e 8000 ——2020 Indicative Cost Curve Fast Penetration of Hybridization (from 2009 study) 1
B =——2020 Indicative Cost Curve Fast Penetration of Strong Downsizing (from 2009 study)
'; 7000 &
J:
© 6000 5
f=2)
£
5 5000
k3]
< 4000 :
—
<
= 3000+ .
©
c
.g 2000 S
g
< 1000 =
0‘ | 1
0 10 20 30 40 50 60 70
CO2 Reduction [%]
Petrol Large
9000 T T : T
~-2020 Cost Curve (from this study)
— 2015 Cost Curve (from 2006 study)
o2’ 8000(| — 2020 Indicative Cost Curve Fast Penetration of Hybridization (from 2009 study)
a ——2020 Indicative Cost Curve Fast Penetration of Strong Downsizing (from 2009 study)
'; 7000 &
J:
© 6000 -
f=2)
£
5 5000~ =
©
< 4000 8
c
©
= 3000~ -
]
=]
.g 2000~ =
g
< 1000~ =]
0 4 :
0 10 20 30 40 50 60 70
CO2 Reduction [%]
Figure 9 Current cost curves for petrol cars in 2020 compared to cost curves presented in [Smokers 2006]
for the 2012-15 timeframe and in [Sharpe & Smokers 2009] for 2020.
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Figure 10 Current cost curves for diesel cars in 2020 compared to cost curves presented in [Smokers 2006]
for the 2012-15 timeframe and in [Sharpe & Smokers 2009] for 2020.
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In these figures it can be seen that the new cost curves (valid for 2020 and beyond) are all below the

2006 curves (valid for the 2012-2015 timeframe), implying that the estimated costs for the application

of available technologies at maturity are already lower than previously expected and could be

expected to become lower over time. Moreover, the maximum reduction potential according to the

new 2020 curves is higher. For a perspective on the positioning
reductiondé and o6fAnhekAhybridisationd, see

When comparing the indicative curves for the 2020 time horizon from the 2009 study, based on a
simplified approach, and the new 2020 curves from this study the following observations can be
made:

A For small reduction potentials in petrol vehicles the new curves are quite similar to the ones from
the 2009 study. For diesels the new curves indicate lower costs.

A In the 2009 study strong downsizing was explicitly treated in a separate scenario. The literature
at that time indicated the potential of a strong cost advantage over hybridisation with similar
reduction potential, making it an attractive option, but the technical maturity of the technology
was not yet advanced enough to give confidence that the technology would actually work or be
available in the period up to 2020. Based on recent evidence the new cost curves include strong
downsizing as a feasible package in the same technology set as hybridisation.

A For large reduction potentials the new cost curves are well below the indicative curves from the
2009 study for both petrol and diesel.

In the comparison with previous studies the consistency between the current cost curves for 2020
and the cost curves from [Smokers 2006] for 2012-15 is most important as these were developed
with the same methodology albeit for application to different time horizons.

Differences between the indicative 2020 cost curved from [Sharpe & Smokers 2009]. and the new
cost curves from the current study relate to the fact that the earlier curves were indicative and based
on a simplified methodology. For the new curves the inputs with respect to costs and potentials of
new technologies have been completely updated. Also the new cost curves take into account a more
substantiated motivation for the safety margins (as explained in section 2.4) than was the case for
the indicative curves developed in 2009. As such the new curves thus fully replace the older
indicative curves. The fact that in the higher reduction regions the new curves predict lower costs
than the earlier indicative curves, leads to the conclusion that the new cost curves will lead to more
positive conclusions on the feasibility of the 95 g/km target for 2020.

2.6 Scenario variants

In the course of the study two issues arose that justified critical evaluation of the cost curves as
presented in section 2.4. These issues are:

1 Observed progress in CO, reduction in European new passenger car fleet in the 2002-2010
period
A In the last decade CO, emissions of new passenger cars have decreased significantly.
At the same time vehicle prices have not increased. This could be interpreted as an
indication that part of the observed reductions in type approval CO, emissions over the
last years may need to be attributed to other causes than application of technologies that
are included in the cost curves used to assess the costs of meeting the targets for 2015
and 2020.
1 Technical data becoming available from EPA studies in support of the US legislation on CO,
emissions from light duty vehicles
A These data seem to suggest that the costs of reducing CO, emissions in passenger cars
could be lower than estimated in this study.

In the context of this study, and given the limited availability of necessary information, both issues
can not be dealt with in detail in this study. In order to get a feeling of the possible implication of
these issues, however, it has been considered useful to develop indicative cost curves for three
different scenario variants that can be used to perform a sensitivity analysis with the cost assessment
model. The scenario variants are:
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a) Alternative accounting for progress observed in the 2002-2009 period

il

Variant including an additional reduction step based on the assumption that a given
share of the reductions achieved in the 2002-2009 period can not be attributed to
application of technologies that are included in the technology tables underlying the cost
curves.

The assessment model used in this study is based on cost curves defined relative to
2002 baseline vehicles and attributes reductions in CO, emissions observed between
2002 and 2009 (most recent database used to describe the current situation) to the use
of a part of the reduction potential described by the cost curves. Due to the strong non-
linearity of the cost curves the possibility that other causes may be responsible for the
observed reductions between 2002 and 2009 could have a significant impact on the
assessment of cost for moving from the 2009 values to the 2020 target values.

b) Alternative cost curves based on a modified technology table

il

To test the possible impact of the most striking differences between US data and cost
and reduction figures used in this study a selection of data on cost and reduction
potential derived from the EPA studies, specifically for full hybrids and the various levels
of weight reduction, has been used to construct a modified technology table. Using the
methodology described in section 2.4 alternative cost curves have been constructed on
the basis of this table.

This variant is created to allow an indicative assessment of the possible implications that
information from EPA studies underlying the US CO, legislation for cars might have for
assessment of the costs of meeting the European target for 2020.

¢) Combination of a) and b)

More detailed descriptions of the assumptions underlying these scenarios and the methodology for

translating these assumptions into alternative cost curves are given in:

1 Annex C for the issue of alternative accounting for progress observed in the 2002-2009 period;

1 Annex D for the evaluation of information available from US EPA studies and comparison with
SR1 data;

1 Annex E for the generation of cost curves to assess possible implications of US data for the
European cost assessment.

The resulting cost curves are presented in Figure 11 and Figure 12. Coefficients of the polynomials
describing the cost curves are given in Table 11.

Implications of these scenario variants for the average costs for meeting the target are presented in
section 10.5.
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Table 11 Coefficient values and end points for polynomial cost curves for petrol and diesel vehicles in 2020,
relative to 2002 baseline vehicles, representing three scenario variants.

Scenario a) Cost curves incl. alternative accounting for 2002-2009 progress

a9 a8 a7 a6 a5 a4 a3 a2 al End % End
p.S 7.145E+05 -7.982E+05 2.473E+05 7.937E+03 -3.277E+03 3.572E+02 64.1% 5895
p,.M 1.275E+06 -1.655E+06 7.128E+05 -9.992E+04 6.760E+03 1.358E+01 65.0% 6795
p,.L 3.024E+07 -6.709E+07 6.163E+07 -3.015E+07 8.508E+06 -1.473E+06 1.890E+05 -1.212E+04 4.965E+02 65.7% 8290
d,S 2.220E+05 -2.074E+05 7.218E+04 -6.282E+02 5.147E+01 57.2% 4736
d,M 3.222E+05 -3.025E+05 1.034E+05 -3.434E+03 5.665E+01 57.2% 5596
dL 5.741E+05 -1.245E+05 -2.848E+05 1.578E+05 -1.466E+04 6.230E+02 57.0% 6971

Scenario b) Alternative cost curves based on modified technology table

a9 a8 a7 a6 a5 a4 a3 a2 al End % End
p.S 5.855E+05 -5.331E+05 1.006E+04 1.291E+05 -3.967E+04 8.037E+03 2.035E+02 64.7% 5187
p,M 2.308E+06 -3.708E+06 2.188E+06 -5.568E+05 5.835E+04 3.051E+03 3.949E+02 65.7% 5994
p,L 5.101E+06 -9.258E+06 6.405E+06 -2.076E+06 3.196E+05 -1.524E+04 5.278E+02 66.6% 7274
d,s 7.662E+04 -6.523E+04 3.117E+04 1.411E+03 4.571E+02 57.0% 4208
d,M 1.002E+05 -8.587E+04 3.924E+04 9.685E+02 6.101E+02 57.0% 4885
dL 4.163E+05 -3.599E+05 8.095E+04 2.506E+04 -9.009E+02 9.073E+02 56.8% 5936
Scenario c) Alternative cost curves based on modified technology table + alternative accounting for 2002-2009 progress

a9 a8 a7 a6 a5 a4 a3 a2 al End % End
p.S 5.799E+05 -7.326E+05 3.134E+05 -5.815E+04 1.959E+04 -1.996E+03 2.510E+02 68.2% 5207
p.M 1.698E+06 -2.940E+06 1.954E+06 -6.307E+05 1.153E+05 -8.461E+03 3.863E+02 69.1% 6014
p,L 3.899E+06 -7.469E+06 5.485E+06 -1.917E+06 3.332E+05 -2.379E+04 7.817E+02 69.9% 7299
d,s 2.549E+04 -1.126E+04 1.569E+04 -1.059E+00 1.945E+02 60.8% 4233
d,m 6.072E+04 -4.470E+04 2.611E+04 1.162E+02 8.462E+01 60.8% 4910
dL 8.894E+04 9.269E+03 -4.707E+04 3.236E+04 -2.666E+02 2.599E+01 60.7% 5961
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Figure 11 Graphical comparison of cost curve variants a, b and c with the original cost curves for CO
emission reduction in petrol vehicles in 2020, relative to 2002 baseline vehicles.
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emission reduction in diesel vehicles in 2020, relative to 2002 baseline vehicles.
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2.7 Conclusions

Cost curves for small, medium and large petrol and diesel vehicles were constructed for this report.
They are based on the minimum costs for combinations of technological CO, reducing measures to
baseline vehicles. Herein a safety margin is taken into account, since simply combining the CO,
reduction potential of individual measures, tends to overestimate overall CO, reduction potential of
the complete package. This is because some measures partly overlap as they have an effect on the
same source of energy loss.

From analysing different packages can be concluded that the cost of a system for full hybridisation is
in absolute terms, more expensive for larger vehicles. Moreover, the cost of packages including the
option6 f ul | hybridisationd increase more with vehicle s

In general, achieving equal relative CO, reductions is more costly for larger vehicles than for smaller
vehicles. On a detailed level, this trend can also be observed for individual measures. Moreover the
cost curves for the three petrol vehicles classes are closer to each other than the three cost curves
for diesel vehicles. This is the result of the cost effectiveness of the various measures being more
alike for the three classes of petrol vehicles.

Finally, especially for petrol vehicles, the cost curve for medium sized vehicles is rather close to the
other curves up to about 40% CO, reduction while it approaches the curve for small vehicles
afterwards. An important contributing factor is that CO, reduction and costs for measures with rather
low CO, impact, such as aerodynamics improvement, are often equal across segments, while
stronger CO, reduction requires measures applied to the engine 7 which tend to be relatively more
expensive for large vehicles than the additional reduction potential they offer.
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3 Cost and performancetest]i
and plnughybrid vehicl es

3.1 Objective

The objective of work reported in this chapter was to provide high level specifications for key
components in plug-in hybrid and electric vehicles, ensuring that key vehicle performance and range
criteria are met. Small, Medium and Large vehicle segments were to be covered with the following
powertrain configurations:

1. Pure Electric Vehicle (EV)
2. Extended Range Electric Vehicle (EREV), series hybrid configuration
3. Plug-in Hybrid Electric Vehicle (PHEV), parallel hybrid configuration

Activities within this task included:

1 Specification of minimum vehicle performance and range criteria with agreement required from
TNO

1 Development of a simple vehicle model to estimate vehicle energy consumption over NEDC,
vehicle power requirement at cruise speeds and on gradients and vehicle acceleration times

1 To use the model to specify battery capacity, electric motor and engine power required to
achieve all performance and range criteria

1 Estimation of the component masses and costs based on data received from the associated EC
electric vehicle project

3.2 Performance and range criteria

Performance criteria were agreed with TNO in the following fields:

i1 Electric range

9  Acceleration times from 0-50 km/h and 0-100 km/h (at kerb weight)

1 Top cruise speed on a 4% gradient

1 Gradeability at 15 km/h (at GVW)
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Table 12 Criteria for each vehicle type and segment.
. Powertrain
Fuel Vehicle Segment | EV Range (km) Configuration

1 Petrol Small - B 50 PHEV

2 Petrol Medium - C 50 PHEV

3 Petrol Large -D 50 PHEV

4 Diesel Small - B 50 PHEV

5 Diesel Medium - C 50 PHEV

6 Diesel Large -D 50 PHEV

7 Petrol Small - B 50 EREV

8 Petrol Medium - C 50 EREV

9 Petrol Large -D 50 EREV

10 Diesel Small - B 50 EREV

11 Diesel Medium - C 50 EREV

12 Diesel Large -D 50 EREV

13 - Small - B 150 EV in 2020

14 - Medium - C 175 EV in 2020

15 - Large - D 200 EV in 2020

16 - Small - B 250 EV in 2030

17 - Medium - C 300 EV in 2030

18 - Large - D 350 EV in 2030
Performance Requirement il eI LEIRYR

A segment C segment D segment

Acceleration 0-50 km/h <4.5s <4.0s <3.5s
Acceleration 0-100 km/h (PHEV) <14.0s <13.0s <11.5s
Acceleration 0-100 km/h (EREV & EV) <14.0s <13.0s <13.0s
Gradeability at 15 km/h > 30% > 30% > 30%
Top cruise speed (PHEV) 160 km/h 180 km/h 200 km/h
Top cruise speed (EREV & EV) 125 km/h 125 km/h 125 km/h

3.3 Modelling methodology and assumptions

Vehicle

modelling was performed using a simple, spreadsheet-based tool that calculates energy

requirement at the wheels over the NEDC or power requirement for given speeds and gradients.

1

f
f

= =

The vehicle models are generic, based on mass, aerodynamic drag coefficient, frontal area
and rolling resistance coefficient

Second-by-second modelling of hybrid operation is not performed

Overall electrical and thermal/mechanical powertrain efficiency values are assumed based
on existing Ricardo data

Vehicle masses are varied according to powertrain type, battery capacity, motor and engine
power

Component specifications are finalised by iteration of the model

The same generic model is used to calculate the power requirements to achieve cruise
speeds and gradeability targets

Acceleration modelling was performed by calculating vehicle speed at 0.1s intervals based on the
following assumptions:

1 The PHEV (parallel hybrid) will meet the acceleration target using combination of engine and
motor power, therefore this will not be a defining criteria for these components

1 The EV and EREV have single speed motor drives to cover the full speed range of the
vehicle, up to top cruise speed

1 The motor exhibits a constant torque characteristic below 1/3 of vehicle top cruise speed and
a constant power characteristic above that speed

1 On the above assumption, the vehicle performs constant torque acceleration up to 1/3 of top
cruise speed and constant power acceleration above that speed
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91 The traction limit will not be broken in meeting the acceleration criteria
1 Acceleration runs are performed at vehicle kerb weight
1 Gradeability runs are performed at vehicle GVW

Further assumptions applied to all modelling work:

|l

= =4

f
f

For calculation of electric range on a common basis, all vehicles are assumed to be capable of
driving the full NEDC under electric power alone. Note that this excludes the use of a simple
power-split HEV configuration (e.g. Toyota Prius) owing to motor speed limitations

All vehicles assumed to be front wheel drive

Due to FWD layout and low braking power requirements of NEDC, 100% of braking can be
performed regeneratively

Equivalent PHEVs (i.e. the same segment and powertrain type) have the same operation
strategy, regardless of whether gasoline or diesel engines are fitted

Electric ranges are large enough that battery P/E ratio will not be critical in determining battery
capacity

EV and EREV performance criteria are taken as the same (except EV range) because drive for
both configurations is by electric motor alone

Generator power in the EREV (series hybrid) will be the same as the engine power

70% of battery SOC is usable for electric range

The following table shows the performance criteria used to define each component specification for
each of the vehicle types. For defining motor power, acceleration and NEDC requirements are
regarded as peak power (less than 30s), whereas top speed and gradeability are considered
continuous power requirements. Where more than one criterion is shown, the maximum of the three
values was taken:

Table 13 Performance criteria used to define each component specification for each of the vehicle types.
Motor Power Engine Power Battery Capacity
PHEV
(assume accel. and grade | NEDC Top speed EV range
met by engine and motor
combined)

EREV Top speed Top speed EV range

Acceleration

Gradeability

EV

Acceleration
Top speed N/A EV range
Gradeability
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Figure 13 The overall modelling process.

3.4 Vehicle and component specifications

Vehicle and component data

At the time of this report, no results are yet available from the analysis of baseline vehicle
characteristics using full Europe-wide data that is planned under this Service Request. For this task,
vehicle segmentation is based on the criteria laid down by TNO, with some minor simplifications.
Thus vehicle mass, payload and CdA are based on Ricardo analysis of data for the current top
selling cars in each segment (2009 figures for UK market. Source: SMMT). The segmentation used is
as follows:

1 Small: B segment (dominates A & B segment sales)
1 Medium: C segment
1 Large: D segment (dominates D & E segment sales)

Specifications are taken as a sales-weighted average of those of the top 5 gasoline and top 5 diesel
vehicles in each of the B, C & D segments. CdA is then scaled to reflect expected improvements to
2020. Rolling resistance coefficient is chosen to reflect low rolling resistance tyres currently available
with a view to these being in general usage in 2020.

Table 14 Specifications for B, C and D segments.
Vehicle segment Vehicle k_erb mass (_kg) Max. CdA Rolling resistance
(conventional baseline) | payload (kg) coefficient
Smalli B 1109 417 0.662 0.007
segment
Medium i C 1264 571 0.628 0.007

segment
Large T D 1443 521 0.525 0.007
segment

Vehicle mass for the PHEV, EREV and EV configurations is calculated by subtracting the
conventional powertrain mass (based on Ricardo analysis for each vehicle segment) and adding in

m }g‘:ﬁ}'gﬁ"" Framework Contract on Vehicle Emissions 58
ENV.C.3/FRA/2009/0043, Service Request #1



GLOBAL
@ INSIGHT

TRANSPORT & MOBILITY
LEUVEN

TNO i ceert _SKopol U AEA

the masses for the battery, electric motor, power electronics, HV harness, additional mass for electric
air conditioning and HVAC, hybrid engine (not EV) and generator (EREV only).

The masses for the additional hybrid components are based on the following data received from ICF:

Table 15 ICF data for the additional hybrid components.
Batterv ener Motor power Inverter power | Boost converter Control unit
density(Wh/Igy) density (kW/kg) density power density mass (kg)
y 9 (continuous) (KW/kg) (KW/kg) 9
105
2012 Lithium Mn Spinel 1.25 9.5 4.5 8
160
2020\ sjlicon Lithium 1.40 11 55 5
300
2030 Silicon Li-S 1.60 13 6.5 5
Table 16 High voltage wiring harness data provided by ICF.

Small i B segment Medium 1 C segment Large i D segment

HV wiring harness

mass (kg) 15 17 19

HV wiring harness

cost (Euro) 120

150 180

Engine mass data is based on Ricardo first order estimates of power density at 1 kW/kg for gasoline
and 0.7 kW/kg for diesel. HVAC system mass is assumed to increase by 10% (ICF data) over the
existing conventional system, for which Ricardo have provided the following estimates:

Table 17 Estimates for HVAC system masses provided by Ricardo.

Small i B segment

Medium i C segment

Large i D segment

Baseline HVAC
system mass (kg)

25

35

40

HVAC system mass

2.5

3.5

4.0

increase (kg)

Component specification results

A summary of the component specifications for each vehicle is set out below, as derived by the
process described in section 3.1. These components allow the vehicles to achieve the range and
performance criteria set out in section 3.2. Component specification results are quoted to a
resolution appropriate to the level of accuracy of calculation.
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Table 18 Summary of the component specifications for each vehicle.
Vehicle Specification Summary
Vehicle _ Battery Motor Engine Generator | Vehicle
Segment Powertrain Fuel EV Range Capacity Power Power Pgwer Total
(peak) (continuous) [ Mass
- - - km kWh kw kW kW kg

1| Small-B PHEV Petrol 50 5.9 28 58 - 1139
2 [ Medium - C PHEV Petrol 50 6.4 30 80 - 1316
3| Large-D PHEV Petrol 50 6.3 30 95 - 1487
41 Small - B PHEV Diesel 50 6.0 28 59 - 1165
5 | Medium - C PHEV Diesel 50 6.5 30 81 - 1352
6| Large-D PHEV Diesel 50 6.4 30 96 - 1529
7| Small-B EREV Petrol 50 5.7 66 48 48 1165
8 | Medium - C EREV Petrol 50 6.1 80 51 51 1335
9| Large-D EREV Petrol 50 6.0 84 51 51 1491
10| Small - B EREV Diesel 50 5.8 67 48 48 1187
11| Medium - C EREV Diesel 50 6.2 81 52 52 1359
12| Large - D EREV Diesel 50 6.0 85 52 52 1515
13| Small-B EV 2020 - 150 16 62 - - 1055
14| Medium - C| EV 2020 - 175 21 80 - - 1331
15| Large-D EV 2020 - 200 24 85 - - 1498
16| Small-B EV 2030 - 250 27 59 - - 1036
17] Medium - C| EV 2030 - 300 36 77 - - 1309
18| Large-D EV 2030 - 350 42 81 - - 1477

The greater engine power requirement for PHEV compared with EREV vehicles is a result of the
higher top-speed criteria. The similar electric motor power requirements for Medium and Large
EREV are due to the similar values of CdA for these two segments, which is the dominating factor for
determining maximum speed.

As stated above, in this simple analysis it is assumed in the calculations that battery power ratings
are not a critical factor in determining the component specifications. As confirmation that this
assumption is valid for peak power levels, it can be seen that maximum P/E ratios for the vehicle
specifications in the table above are approximately 12-14, for the EREV configurations. This may be
regarded as slightly higher than ideal for a battery designed for best compromise between energy
and power demands (e.g. ~8 for GM Volt). However it should be noted that for all the EREV and EV
configurations above, motor power rating is determined not by actual power requirements, but by the
minimum torque requirements of the gradeability specification. Thus for those vehicles the electric
motor is over-specified in terms of power for all of the performance criteria given i the maximum P/E
ratio actually encountered is somewhat less than this figure.

Battery continuous power ratings may be only 20-30% of peak ratings, due to the thermal limitations
of the cell and particularly of the pack. This would tend to make top speed continuous power
requirements more critical for the EREV and EV. However battery capacity limits pure electric driving
under the specified top speed conditions to absolute maximum durations of ~20 minutes for the 2020
EV and only 5-6 minutes for the EREV (beyond which charge-sustaining operation would tend to
reduce battery power consumption to zero). This is a short enough period of time that battery
thermal considerations are unlikely to be critical. So the P/E ratio assumption may be regarded as
valid, at least for this simple analysis.

Component & vehicle mass results

The following table shows the breakdown of powertrain component mass for each vehicle, calculated
from the final derived technical specifications using the mass assumptions stated above. (Mass
assumptions for electrical powertrain components provided by ICF; mass assumptions for vehicle
glider and conventional powertrain components provided by Ricardo)
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Table 19 Breakdown of powertrain component masses for each vehicle.
Component Masses Summary
Inverter & | Control
Vehicle . Battery Motor Engine |[Generator| Boost Unit & Added Total
Powertrain Fuel HVAC Added
Segment Mass Mass Mass Mass Converter | Harness
. " Mass Mass
Mass Mass
- - - kg kg kg kg kg kg kg kg
1| Small-B PHEV Petrol 37 15 58 - 8 20 25 141
2 |Medium-C| PHEV Petrol 40 17 80 - 8 22 35 170
3| Large-D PHEV Petrol 39 16 95 - 8 24 4.0 187
4| Small-B PHEV Diesel 38 16 84 - 8 20 25 167
5 |Medium-C| PHEV Diesel 40 17 115 - 8 22 35 206
6| Large-D PHEV Diesel 40 17 137 - 8 24 4.0 230
7] Small-B EREV Petrol 36 37 48 34 35 25 2.5 217
8 |Medium-C| EREV Petrol 38 44 51 37 40 27 35 241
9| Large-D EREV Petrol 37 47 51 37 41 29 4.0 246
10| Small - B EREV Diesel 36 37 69 34 35 25 2.5 239
11| Medium - C| EREV Diesel 39 45 74 37 40 27 35 266
12| Large-D EREV Diesel 38 47 74 37 41 29 4.0 270
13| Small-B [ EV 2020 - 103 34 - - 22 20 2.5 182
14| Medium - C| EV 2020 - 134 44 - - 29 22 35 232
15| Large-D | EV 2020 - 149 47 - - 31 24 4.0 255
16| Small-B | EV 2030 - 91 30 - - 19 20 2.5 162
17| Medium - C| EV 2030 - 121 38 - - 25 22 35 210
18| Large-D | EV 2030 - 138 41 - - 26 24 4.0 233
* = includes inverter and boost converter for motor and generator for EREV
** = includes separate control units for motor and generator for EREV
3.5 Powertrain cost
Component cost data
Component costs to the OEM are based on the following data received from ICF.
Table 20 Component costs data provided by ICF.
Boost Control Harness
Battery cost Motor cost Inverter cost -
(EUI‘O) (EUI’O) (EUI’O) converter unit cost cost
cost (Euro) (Euro) (Euro)
2012 | 200 + 700*kwh 50 + 8.0*kw 50 + 10*kW 10 + 3.0*kw 150 150
2020 | 200 + 400*kwh 40 + 6.4*kW 40 + 8.0*kwW 8 + 2.4*kW 120 120
2030 | 200 + 230*kwh 32 + 5.1*kW 32 + 6.4*kW 6.4 + 1.9*kw 120 120
Table 21 Electric heat pump costs data provided by ICV.
Small i B segment Medium i C segment Largei D segment
2012 900 1000 1100
2020 810 900 990
2030 730 810 900
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Table 22 High voltage wiring harness data provided by ICF.

Small i B segment Medium i C segment Large i D segment

HV wiring harness

mass (kg) 15 17 19

HV wiring harness

cost (Euro) 120 150 180

Engine and transmission costs for 2020 have been estimated by Ricardo, based on the following set
of assumptions.

Assumptions for gasoline:

PHEV models feature a downsized, turbocharged 3 or 4 cylinder engine with direct injection
EREV models feature a naturally aspirated 3 or 4 cylinder engine with low feature content and
focus on light weight

1 Emissions requirements for 2020 do not impose significant additional aftertreatment costs for
these engine types compared with 2010

f
il

Assumptions for diesel:

PHEV models feature a downsized, highly boosted 3 cylinder engine

EREV models feature a downsized, highly boosted 3 cylinder engine with reduced feature

content and focus on light weight

1 The emissions benefits of hybridisation offset the costs of additional content required to meet
2020 noxious emissions limits

1 The reduced transient response requirements for hybrid engines allow some cost reduction
compared with baseline conventional engines

1 Both factors also partly offset the trend increase in base engine CO, reduction content

f
f

Assumptions for transmissions:

1 PHEV vehicles feature electrically actuated dual-clutch transmissions
1 EREV and EV vehicles do not require a stand-alone transmission I no speed reduction in drive
to wheels by electric motors

Powertrain cost results

Costs for the powertrain components calculated from the derived specifications according to the
stated cost assumptions can be seen in the table below. (Cost assumptions for electrical powertrain
components provided by ICF; cost assumptions for vehicle glider and conventional powertrain
components provided by Ricardo)
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Table 23 Cost assumptions for the powertrain components.
Component Costs Summary
. Inverter & | Control
Vehicle . Battery | Motor Engine Generator | Boost Unit & Added Total
Powertrain Fuel & Trans HVAC | Added
Segment Cost Cost Cost Converter [Harness
Cost Cost Cost
Cost* Cost**
- - - Euro Euro Euro Euro Euro Euro Euro Euro
1| Small-B PHEV Petrol 2579 208 2000 - 337 240 810 6175
2 | Medium - C PHEV Petrol 2752 222 2350 - 359 270 900 6853
3| Large-D PHEV Petrol 2711 220 2450 - 356 300 990 7027
4| Small-B PHEV Diesel 2604 210 2500 - 341 240 810 6705
5 | Medium - C PHEV Diesel 2787 224 2800 - 364 270 900 7345
6| Large-D PHEV Diesel 2753 223 2900 - 361 300 990 7527
7| Small-B EREV Petrol 2493 464 1000 432 1423 360 810 6982
8 | Medium - C EREV Petrol 2646 552 1100 463 1615 390 900 7665
9| Large-D EREV Petrol 2585 580 1100 462 1659 420 990 7796
10| Small - B EREV Diesel 2513 470 1400 436 1439 360 810 7428
11| Medium - C EREV Diesel 2667 558 1600 467 1632 390 900 8215
12| Large-D EREV Diesel 2607 586 1600 466 1677 420 990 8346
13| Small - B EV 2020 - 6784 435 - - 690 240 810 8960
14| Medium - C| EV 2020 - 8747 551 - - 878 270 900 11346
15| Large-D EV 2020 - 9766 582 - - 929 300 990 12567
16| Small-B EV 2030 - 6462 334 - - 530 240 730 8296
17{ Medium - C[ EV 2030 - 8556 423 - - 675 270 810 10733
18| Large-D EV 2030 - 9748 447 - - 715 300 900 12110
* = includes inverter and boost converter for motor and generator for EREV

** = includes separate control units for motor and generator for EREV

3.6 Energy consumption

Energy consumption in EV mode and tailpipe CO, emissions in charge sustaining mode (PHEV and
EREV only) over the NEDC drive cycle is summarised in the table below (no heating or air-
conditioning is applied during the cycle as per UNECE Regulation 101). The cycle CO, emissions are
calculated based on the EV range and charge depleting CO, figure according to the following

and CO, emissions

formula, taken from ECE regulation 101, Annex 8:

M = (De'M1+ Dav'MZ)/(De+ Dav)

Where:

M = mass emission of CO, in grams per kilometre

M; = mass emission of CO, in grams per kilometre with a fully charged electrical energy/power
(known as

stor

M, = mass emission of CO, in grams per kilometre with an electrical energy/power storage device
i n minimum

age devi

ce

state

operation, i.e. no net battery drain)

De =

manufacturer must provide the means for performing the measurement with the vehicle running in

vehicl

ebs

pure electric operating state

el

of

ectr

Afchar ge

charge

C

range

(maxi mum

depletingbo

operati

di scharge of

, ried 0o Anndxi 9 where the t he pr

D, = 25 km (assumed average distance between two battery recharges)
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Table 24 Energy consumption in EV mode and tailpipe CO, emissions in charge sustaining mode over the
NEDC drive cycle.
Energy Consumption & CO2
. . N.EDC NEDC
Vehicle . NEDC EV NEDC EV Tailpipe CO2 S
Powertrain Fuel Tailpipe CO2
Segment Energy Energy (charge
; (overall)
sustain)
- - - kJ/km Wh/km g/km g/km

1] Small-B PHEV Petrol 300 83 89 30

2 | Medium - C PHEV Petrol 322 89 98 33

3| Large-D PHEV Petrol 316 88 101 34

4| Small-B PHEV Diesel 303 84 83 28

5 | Medium - C PHEV Diesel 326 91 91 30

6| Large-D PHEV Diesel 322 89 94 31

7| Small-B EREV Petrol 289 80 100 33

8 [ Medium - C EREV Petrol 308 86 110 37

9| Large-D EREV Petrol 300 83 112 37

10| Small - B EREV Diesel 291 81 95 32

11| Medium - C EREV Diesel 311 86 103 34

12| Large-D EREV Diesel 303 84 105 35

13| Small- B EV 2020 - 277 77 - -

14| Medium - C| EV 2020 - 308 85 - -

15| Large-D EV 2020 - 301 84 - -

16| Small - B EV 2030 - 274 76 - -

17] Medium - C| EV 2030 - 305 85 - -

18| Large-D EV 2030 - 299 83 - -

Note: The two pure modes of driving the vehicle are "charge sustaining” (no net battery drain) and
"charge depleting” (no ICE engine use). The method employed for quantifying the relative amounts
of each mode for homologation test purposes (and the only currently recognised basis for
comparison with other vehicle types) is described by the formula shown above. Only the M2 test
result has been calculated, i.e. tailpipe CO, (charge sustain). The M1 result is assumed to be zero
for the vehicles considered i.e. the PHEVs and EREVs analysed have sufficient performance to
complete the entire NEDC under electric power alone. The "overall" distribution of energy use is
determined by the weighting formula. The energy results can be calculated through knowledge of
the carbon/hydrogen ratio and calorific value of the fuels used.
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4 Currentoftshartte technol ogi e
passenger cars

4.1 Objective

The objective of work reported in this chapter was to identify and analyse the lowest emitting vehicles
currently on the market or close to market introduction, taking into account market segments, in order
to arrive at a realistic fAcurrent state of the arto

Activities within this task included:

1 Identification and review of low CO, models on the market in 2009 / early 2010 in the three most
relevant market segments (B, C and D) and of relevant concept cars;

1 Identification of technologies used to reduce CO, emissions and their contribution to the
achieved CO, emission levels;

9 Estimation of costs based on available information and comparison with price.

4.2 ldentification of low CO 5, models

The aim of this task was to identify the lowest emitting CO, models currently on the market in 2009 /
early 2010 or close to market introduction for each of a number of key market segments.

The market segmentation used followed the IHS Global Insight definitions, as shown in the table
below:

: City (A)

: Supermini (B)

: Lower Medium (C1 + C2)

: Upper Medium (D1 + D2)

. Executive (E1)

. Luxury (E2)

: Super Luxury / Sports (F1 + F2)

Small MPV i Small MPV (MPV-B + MPV-C)
Standard MPV i Standard MPV (MPV-D)
Luxury MPV (MPV-E)

Compact SUV (SUV-A, SUV-B + SUV-C)
Standard SUV (SUV-D)

Luxury / Full Size SUV (SUV-E)

== == -4 —a —a —a o
OTMmMmOO®m>
=4 =4 -4 —a —a —a

In order to capture the majority of the low-CO, technologies available across the different market
segments, the approach taken was to focus on the primary vehicle segments. The primary market
segments are those with the largest share of European sales: B (Supermini) at 30.5%, C (Lower
Medium) at 24.1% and D (Upper Medium) at 11.5% (percentage sales in 2009, source: POLK). The
approach is as follows:

1 Identification of the lowest-emitting vehicles in each the three primary vehicle segments, covering

the three lowest-emitting diesel vehicles and two lowest-emitting gasoline vehicles
1 Analysis of low-CO, technologies employed in these market segments, covering cost to OEM,

likely relative CO, benefitsands al es price differendo@l model £qui val e
1 Assessment of low-CO, technologies in the remaining market segments, in order to identify any

not covered by those detailed for the primary market segments

This approach was considered to be the most efficient way of gathering data on low-CO,
technologies available across all market segments. The initial expectation was that no additional
technologies would be identified for other market segments beyond those already identified for the B,
C and D segments. This expectation was subsequently borne out in the assessment of the remaining
market segments: no additional technologies could be identified, thus the technologies identified in
this report apply not only those relevant to the primary vehicle segments but also to those relevant to
other market segments.

For some segments, choosing the five lowest emitting CO, models would result in only models using
di esel technol ogy being identifi edofthelamtor dermhnol pgo\
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gasoline technology as well as diesel, the approach was modified to review the three lowest CO,
emitting diesel models and the two lowest CO, emitting gasoline models.

Best-in-class gasoline and diesel vehicles by segment for Europe were selected using a combination
of the following databases and information sources:

Kraftfahrt Bundesamt (kba) Passenger car Fuel Economy database

UK SMMT (Society of Motor Manufacturers and Traders) New Car CO, report 2010
ACT ON CO, New Car CO, Emissions: Top 10 search tool

OEM press releases and model specifications

POLK passenger cars database

=A =4 -8 -8

To put this analysis in context a general review of the vehicle market is included. Total registrations
of new passenger cars in 2009 in the EU-27 amounted to 13,975,000 and their average specific CO,
emissions were 145.7 g/km, a 5.1% decrease compared to 2008. The development of average CO,
emissions split by fuel type is shown in Figure 14 together with future CO, targets.
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Figure 14 Average specific CO, emissions of new passenger cars in EU-27 by fuel type.
Source: COM(2010) 655 Femissions fonView passenger caig in thé EU: dat®for 2009

The average specific CO, emissions were 147.6 g/km CO, for Gasoline, 145.3 g/km CO, for Diesel
and 125.8 g/km CO, for Alternative Fuel Vehicles (AFV) in 2009. Average specific CO, emissions
have been falling over the last nine years for new gasoline passenger cars and the last three years
for new diesel passenger cars. The gap between the gasoline and diesel average specific CO,
emissions has reduced over the last ten years and in 2009 was 2.3 g/km compared to 17.1 g/km in
2000.

For the first time in four years the market share of gasoline vehicles (51.1%) exceeded that of diesel
(45.1%), with the remaining 3.8% attributable to Alternative Fuel Vehicles (AFV).

The following charts show the range of CO, values for new passenger cars sold in the European
market for the three primary segments. There are then three sub plots which identify the CO, range
for gasoline, diesel and hybrid (full/mild) vehicles (if applicable) within each of these segments.

All figures were taken from 2009 data and the sales weighted average CO, value is represented by a
bold line within the range
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CO,ranges for new vehicles sold in the EU-27 in 2009
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B Segment C Segment D Segment

Figure 15 CO; ranges (highest, lowest and sales-weighted average values) for B, C and D segment vehicles
sold in the EU-27 in 2009.

Source: POLK 2009

The upper limit of CO, emissions increases through the segments, as would be expected due to the
increasing vehicle size. The C segment has a lower low limit value (89 g/km CO,) than the B
segment (96g/km). This is due to the presence of the Toyota Prius gasoline hybrid vehicle in the C
segment i the best-in-class vehicles in other segments do not include full or mild hybrid vehicles.

It should be noted that the sales-weighted average is towards the lower end of the range of CO,
values in each of the segments.

COsranges for new B Segment vehicles sold in the EU-27 in 2009
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No full or mild hybrid vehicles are
available in this segment

Overall Gasoline Diesel Hybrid

Figure 16 CO; ranges (including the highest, lowest and sales-weighted average values) for gasoline, diesel
and overall for B segment vehicles sold in the EU-27 in 2009.

Source: POLK 2009

The B segment does not include any mild or full hybrid vehicles. Figure 16 shows that the B segment
gasoline vehicles have a wider CO, emissions range than the diesel models and that the low,
average and high values are above each respective value in the diesel range.
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CO,ranges for C Segment vehicles sold in the EU-27 in 2009

350

300 -

250 A

200 A

150 A

100 - —

50 A

g/km CO,

Overall Gasoline Diesel Hybrid

Figure 17 CO; ranges (including the highest, lowest and sales-weighted average values) for gasoline,
diesel, hybrid technology and overall for C segment vehicles sold in the EU-27 in 2009.

Source: POLK 2009
As with the B segment, Figure 17 shows that the C segment gasoline vehicles have a wider CO,
emissions range and that the low, average and high values are all above those identified for diesel
and hybrid models.

The small range of CO, values for hybrid vehicles compared to gasoline and diesel is due to the
limited number of full or mild hybrid models available in the C segment.

COsranges for D Segment vehicles sold in the EU-27 in 2009
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Figure 18 CO; ranges (including the highest, lowest and sales-weighted average values) for gasoline, diesel
technology and overall for D segment vehicles sold in the EU-27 in 2009.

Source: POLK 2009

Again, the gasoline vehicles have a wider range of CO, emissions and higher low, average and high
values when compared to diesel vehicles.
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Figure 16, Figure 17, and Figure 18 identify that the average value, the highest value and the range
of the CO, emissions increases as you move up through the segments. The only exception to this
trend is the lowest CO, emissions values due to the hybrid vehicles present in the C segment.

Table 25 A summary of the lowest, sales-weighted average and highest CO, emissions values for each

segment based on vehicles sold in the EU-27 in 2009

96 89 104
134 143 161
219 295 326
123 206 222

Table 26 identifies the lowest CO, emitting models by segment:

Table 26 Lowest CO, emitting models for B, C and D segments
Segment Fuel Model CO, (g9/km)
B: Supermini Diesel Volkswagen Polo BlueMotion*" 89
Ford Fiesta ECOnetic*’ 98
Opel Corsa 1.3 CTDi ecoflex (70 kW) 95
Gasoline Toyota Yaris 118
Mitsubishi Colt ClearTec 119
C: Lower Medium | Diesel Volkswagen Golf BlueMotion 99
Ford Focus ECOnetic 99
Volvo C30 DRIVe 99
Gasoline Toyota Prius 89
Honda Insight 101
Audi A3 1.2 TFSI S tronic 123
D: Upper Medium | Diesel BMW 320d EfficientDynamics 109
Audi A4 2.0 TDIe Saloon 119
Mercedes C220 CDI BlueEfficiency 127
Gasoline BMW 318i 146
Audi A4 2.0 TFSI Saloon 149

*1 This figure is for the German market. The value identified for the UK market was 91g/km.
*2 There are other models available with CO, emissions of 98 g/km (for example Seat Ibiza Ecomotive).

Using the data above, Ricardohasdef i ned benchmar k val ues enissionst he O0be
for each fuel type for each segment in the European market. An average of the three diesel vehicles

and two gasoline vehicles has been used to calculate these values:

Table 27 Benchmar k val ues f or;enissiens prdvided by Ricando.c | assd CO
Diesel vehicles | Gasoline vehicles

B Segment 97 g/km 119 g/km

C Segment 99 g/km 123 g/km

D Segment 118 g/km 148 g/km

* This does not include the hybrid vehicles.
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4.3 ldentification of technologies employed for CO 2
reduction

The tablesinthissecti on have been completed through a
available via the internet and vehicle brochures. In many cases it was not clearly identified whether a
technology was included on the vehicle as part of the standard package. In these situations, the
tables have been populated with a dash. It should be noted that as a general rule stop-start
technology does not include regenerative braking. Regenerative braking (smart alternator) is
included as a separate technology to stop-start in the tables of the report.

In this section aerodynamic improvements, downsizing (a reduction in engine displacement or a
reduction in the number of cylinders), weight reduction and transmission improvements in this section
have been judged in comparison to the previous version of the vehicle model in question.

4.3.1 B Segment

Table 28 identifies some of the key vehicle parameters for the lowest CO, emitting models in the B
segment followed by a checklist of some of the core technologies which have been implemented to
reduce CO, emissions. This table enables direct comparison of the technologies which have been
utilised across both diesel and gasoline vehicles.

No single technology or product is implemented across both diesel and gasoline models, however
low rolling resistance tyres, aerodynamic improvements, automatic stop-start, weight reduction and
transmission improvements are common to the three diesel models reviewed.

It is worth noting that the Toyota Yaris has been identified as having very few of the low CO,
technologies listed in Figure 17 compared to the Mitsubishi Colt yet it has the lowest CO, emissions
of the segment. This can be explained by the differences in performance parameters. The Toyota
Yaris has a smaller engine than the Mitsubishi Colt (1 litre compared to 1.3 litres) and a lower
maximum power output (51 kW compared to 70 kW), translating to a slower 0 7 100 km/h time (15.7s
compared to 10.6 s). The Toyota Yaris achieves low CO, through the use of a small displacement
engine and a lower performance than some other vehicles in the sector.

4.3.2 C Segment

Table 29 identifies the same parameters for the lowest CO, emitting diesel models in the C Segment.

Each of the three diesel models identified for the C segment has a large number of the core
technologies which have been implemented to reduce CO, emissions. Common to all are:

Low rolling resistance tyres

Automatic start-stop

Regenerative braking (smart alternator)
Electric power steering

Transmission improvements

=A =4 =4 -8 -9

Table 30 below identifies the same parameters for the lowest CO, emitting gasoline models in the C
Segment. For the C segment only three gasoline vehicles that have been identified. The two lowest
emission vehicles utilise full and mild hybrid technologies. Therefore a third gasoline vehicle which
does not utilise mild or full hybrid technology has been included in the assessment to highlight other
technologies being used to achieve low CO,.
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Table 28 Vehicle parameters and key technologies for lowest CO, emitting models in the B segment
B Segment
Diesel Gasoline
: Opel Corsa Mitsubishi
Technology Volkswagen | Ford F|e§ta 1.3 CDTi Toyota Colt
Polo ECOnetic :
BlueMotion (5 door) ecoFLEX (5 Yaris ClearTec
door) (5 door)
(EL”)Q'”e displacement 1.2 1.6 1.3 1.0 1.3
Engine Power (kW) 55 70 70 51 70
0-100 km/h (s) 13.9 12.3 12.3 15.7 10.6
Transmission Manual 5 Manual 5 Manual 5 Manual 5 Manual 5
Fuel consumption:
Urban (L/100km) 4.2 4.6 4.3 6.0 6.3
Fuel consumption:
Extra-urban (L/100km) 31 32 32 45 4.3
Fuel consumption:
Combined (L/100km) 35 3.7 3.6 5.1 5.0
CO, (g/km) 89*" 98 95 118 119
Fuel tank (L) 45 40 40 42 47
Kerb weight (kg) 1,150 1,100 1,160 1,030 970
Max permissible laden
weight (kg) 1,590 1,545 1,585 1,440 1,465
Low rolling resistance
tyres P P P O P
Aerodynamic " .
improvements P P P I I
Active aerodynamics @) o T o o
Gasoline Direct
Injection O O
Automatic start-stop P P o P
Regenerative braking
(smart alternator) O O O P
Electric power .
steering I P P O P
L i it i . y y
OiOIW viscosity engine o) i i i P
Mild/Full Hybrid @) ®) ®) 0) 0)
Downsizing P @) O T O
Weight reduction P P P | O)
Transmission "
improvements P P P I P
T O o 0O P P
P = implemented on this model O= not implemented on this model i = not mentioned

*1 German market CO, emission figure.
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Table 29 Vehicle parameters and key technologies for lowest CO, emitting diesel models in the C segment.
C Segment i Diesel
Volkswagen Ford Focus
Technology Golf TDI TDCI Vo[I)\é?VC;BO
BlueMotion ECOnetic
(ELn)glne displacement 16 16 16
Engine Power (kW) 77 80 84
0-100 km/h (s) 11.3 10.9 10.7
Transmission Manual 5 Manual 5 Manual 5
Fuel consumption:
Urban (L/100km) 4T 45 4.6
Fuel consumption:
Extra-urban 3.4 3.4 3.3
(L/200km)
Fuel consumption:
Combined (L/100km) 38 38 38
CO, (g/km) 99 99 99
Fuel tank (L) 55 53 52
Kerb weight (kg) 1,314 1,357 1,363
Max permissible
laden weight (kg) 1,750 1,880 1,780
Low rolling
resistance tyres P P P
Aerodynamic
improvements P P P
Active aerodynamics T @) T
Gasoline Direct
Injection
Automatic start-stop P P P
Regenerative
braking (smart P P P
alternator)
Electric power
steering P P P
Low viscosity engine " .
OiIw Vi ity engi i p i
Mild/Full Hybrid o @) O
Downsizing P P O
Weight reduction P O ®)
Transmission
improvements P P P
T 0] ®) 0)
P-= implemented on this model O= not implemented on this model T =not mentioned.
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Table 30 Vehicle parameters and key technologies for lowest CO, emitting gasoline models in the C
segment
C Segment i Gasoline
Technology Toyota Prius IV | Honda Insight | Audi A3 1.2 TFSI
(Full Hybrid) (Mild Hybrid) Stronic
Engine
displacement (L) 1.8 1.4 1.2
Engine Power (kW) 83 65 77
0-100 km/h (s) 104 12.5 10.5
Transmission Power split CVT CVT 7 speed DCT
Fuel consumption:
Urban (L/100km) 39 4.6 6.5
Fuel consumption:
Extra-urban 3.7 4.2 4.6
(L/200km)
Fuel consumption:
Combined (L/100km) 3.9 44 53
CO, (g/km) 89 101 123
Fuel tank (L) 45 40 55
Kerb weight (kg) 1,420 1,240 1,230 (unladen)
Max permissible
laden weight (kg) 1,805 1,650 1,790
Low rolling i P i
resistance tyres
Aerodynamic "
improvements P P I
Active "
aerodynamics | O O
Gasoline Direct
Injection O O P
Automatic start-stop Not relevant* Not relevant* P
Regenerative
braking (smart P P P
alternator)
Electric power
steering P P I
Low viscosity i i i
engine oil
Mild/Full Hybrid P P O
Downsizing @) o P
Weight reduction @) I T
Transmission P
improvements : :
VT P P P
P-= implemented on this model O= not implemented on this model T = not mentioned.

*  Automatic start-stop is not an additional technology which can be included/not included on the hybrid
arrangements of the Prius and Insight. It is part of the hybrid powertrain and cannot therefore be considered
in isolation when analysingthe CO,saving / increase in cost (U0).
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Table 31 Vehicle parameters and key technologies for lowest CO, emitting models in the D segment
D Segment
Diesel Gasoline
Mercedes -
Technology BMW 320d | rdia420 | c220cDl | BMwaig | AudiAd
Efficient- TFSI
) TDle Saloon Blue- ES
Dynamics .- Saloon
Efficiency
Engine
displacement (L) 2 2 21 2 2
Engine Power (kW) 120 100 125 105 155
0-100 km/h (s) 8 9.5 7.6 9.1 6.9
Transmission Manual 6 Manual 6 Manual 6 Manual 6 Manual 6
Fuel consumption:
Urban (L/100km) 5 5.8 6.2 8.1 8.3
Fuel consumption:
Extra-urban 3.6 3.8 4 5.3 5.3
(L/200km)
Fuel consumption:
Combined 4.1 4.6 4.8 6.3 6.4
(L/200km)
CO, (g/km) 109 119 127 146 149
Fuel tank (L) 61 65 66 63 65
Kerb weight (kg) 1,495 1,475 1,610 1,435 1,445
Max permissible
laden weight (kg) 1,940 2,025 2,115 1,880 1,995
Low rolling , "
resistance tyres P P P | '
Aerodynamic
improvements P P P P P
Active " .
aerodynamics P ' O P '
Gasoline Direct
Injection P P
Automatic start-
stop P P O P P
Regenerative
braking (smart P P o P P
alternator)
Electric power . . .
steering P I I P I
Low viscosity " " . .
engine oil P I I I I
Mild/Full Hybrid @) o @) O O
Downsizing o O @) O O
Weight reduction P O P i O
Transmission .. .
improvements P P P I I
T O O 0O I P
PP = implemented on this model (= not implemented on this model | = not mentioned.
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4.3.3D Segment

Table 31 identifies the same parameters for the lowest CO, emitting models in the D Segment.

Note that a new Mercedes C220 CDI model will be available on the market from March 2011 which
will now be equipped with automatic stop/start technology. The new model will have a further
improved combined fuel consumption of 4.4 L/100km and improved CO, emissions of 117 g/km.

A large number of the CO, emissions reducing technologies are implemented in the D segment, with
improved aerodynamics being common across both diesel and gasoline models. With the launch of
the new version of the C220 CDI in March 2011, auto stop/start will also be common across both
diesel and gasoline vehicles.

4.4 Comparisons of CO , and c ost estimates with OEM
stated values

In this section, for each vehicle segment, a table has been populated to identify the sales price, the
CO, emissions and some of the key vehicle parameters for the five lowest-emitting vehicles and their
non-6 e ¢ o Ovaleats, Wisecond table for each vehicle segment then provides estimates of the
individual impact on CO, emission levels and the associated cost of each of the technologies
identified. The sum of the estimated costs and CO, impacts of the technologies employed are then
compared with the differences in sales price and CO, emissions between the lowest-emitting
vehicles and theirnon-6 ec 06 equi val ent s.

Only similar vehicles have been compared. The Toyota Yaris (B Segment), the Mercedes C220 Blue-
Efficiency (D Segment) and the BMW 318i ES (D Segment) do not have direct alternatives but have
been analysed to indicate what the estimate of additional cost of these technologies might be and an
indication of what the additional CO, (g/km) might be if the low CO, technologies were not present.

The Toyota Prius and the Honda Insight also do not have direct alternatives but instead have been
compared to representative models as the hybrid technologies are of particular interest. The Toyota
Prius has been compared to the Toyota Auris V-matic. (Full details of the new Toyota Auris hybrid
were not available at the time of writing this report to be able to use the Auris hybrid in place of the
Prius). The Honda Insight has been compared to the Honda Jazz. Although the size of the Honda
Insight, in terms of length and mass, is more comparable to the Honda Civic (see Table 32), the
Insight and Jazz share the same vehicle platform. Therefore the Honda Jazz has been used to
compare against the Honda Insight

Table 32 Comparison of Honda Jazz, Honda Insight and Honda Civic
Honda Jazz Honda Insight Honda Civic

IHS Global Insight Segment B Cl Cl
Vehicle Length, mm 3,900 4,396 4,255
Vehicle width, mm 1,695 1,695 1,765
Vehicle kerb mass, kg 1,086 1,240 1,244

07 100 km/h 125 12.5 13.0
CO,, g/km 125 101 135

For these vehicles there are additional data in Table 37 and Table 38, identifying cost estimates for
the mild and full hybrid technology.

It should be noted that in this section aerodynamic improvements, downsizing (a reduction in engine
displacement or a reduction in the number of cylinders), weight reduction and transmission
improvements have been judged versus the vehicles being used for comparison in order to make fair
assessments between the two. Therefore some of the answers for these categories may be different
compared to those listed in section 4.3.

Prices quoted in the following comparisons exclude sales tax and any registration costs. Except
where indicated, they have been sourced from the German market, which is the largest single
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European national market and may be seen as the most representative of the EU as a whole.
Vehicle sales price comparisons have been made on the basis of comparable trim levels where
possible.

Table 33 details the prices of two vehicles across the five main European markets, both the

manufacturersd recommended basi c r-the-raad pricgs.The®®a- (excl u
the-road price includes sales tax, registration costs and delivery charges.
When account is taken of the current low exchange rate between the UK pound and the Euro (E1 =
U 1 . tdnpared to the exchange rate over recent years and it is assumed that sale prices in the UK
will not yet have increased to compensate for this, Table 33 shows that prices in the German market
are representative of those in the other main markets.
Table 33 Comparison of Basic and On-the-road prices for two vehicles for the 5 main European markets
. . Country
Vehicle Price France Germany Italy Spain UK*
Audi A3 1.2 Bas'(c ‘L’,j“;’e n.a. G§19,07 na n.a. (17, 42
TFSI S tronic On-the-road
5 door orice u25, 43022, 700026, 65024, 77021, 67
Mercedes Bas'(c ‘L’,j“;’e n.a. (430,97 G430, 00 na (26,55
€220 CDI On-the-road
BlueEfficiency price u35, 00036, 86/Uu37, 26/036, 35033, 02
* Conversion rate as at January 2011 A1 = (01.19 was used
n.a.: not available in the price lists given.
Basic price: manufacturersd recommended retail pri.ce excluding
On-the-road price: manuf acturersdé recommended retail price including

registration fee and annual circulation tax.

Note: prices do not include any tax incentives (other than annual circulation tax) that may be available for low
CO; vehicles in the markets reviewed.

Technology cost values quoted are as identified in Task 1.1 of this service request for each vehicle
segment, based on typical values of ex-works cost to the OEM and Ricardo estimates if the
technology is not specifically included in Task 1.1. The CO, benefit values quoted are over the NEDC
and are also as identified in Task 1.1 or Ricardo estimates based on typical values for each vehicle
segment. Within the scope of this work it has not been possible to investigate the details of
implementation or make measurements for specific vehicles, so the values should be interpreted as
a guideline only.

Costs for aerodynamic improvements have been indicated as zero, as the cost of implementation of
vehicle body modifications cannot be quantified within an analysis of this type. Actual cost to the
OEM will vary significantly depending on a number of factors, such as the details and extent of
modifications, the nature of any bought-in parts and the extent to which modifications are carried out
as part of a planned model facelift.

Framework Contract on Vehicle Emissions
ENV.C.3/FRA/2009/0043, Service Request #1

TNO 5™ 76



TRANSPORT & MOBILITY

LEUVEN

<L
L
<

&
T
Q
w
L]
<

@ INSIGHT

innovation
for life

4.4.1 B Segment

B Segment

Table 34
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*1 German market figures used (UK figures differ, i.e. CO, was 112g/km).

*2 German market had a lower CO: figure than the UK (UK was 91g/km).
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In the B segment (Table 34) each of the vehicles considered shows a marked difference in CO,

emi ssions between the dédstandarddé model and the dbecobd
(power and acceleration) are very similar. There is very little difference, if any, between the kerb
weightsofthe 6éeco6 models versus the O0standarddé vehicles.

Sales price differentials between 6éecod and O6standar
Bl ueMotion to 0210 for the Ford Fiesta ECOnetic. Est
VWPolo Bl uemotion to 0325 for the Ford Fiesta ECOnetic

In some cases the estimated additional costs are much less than the sales price differentials and in
others the reverse is true. This indicates that t
on manufacturersd pricing strategies across the m
of additional equipment fitted.

he
ode

The estimated CO, emissions reductions for the models assessed generally vary compared to the
actual CO, emissions reducti ons between the 6ecod and Obéstandar
calculated value, one is lower and one is reasonably directly comparable (Mitsubishi Colt Cleartec).

For the cases where the estimated CO, emissions reductions are higher than the CO, reductions
achieved (in the case of VW Polo BlueMotion and Ford Fiesta ECOnetic) it may be due to:

1 The benefits of all of the technologies identified may not be directly additive and thus lead to an
over-estimation of the total benefit of the technology combinations
1 The standard model may already include one or two of the low CO, technologies employed on
the 6ecod model variant and therefore some doubl e

For the case where the estimated CO, emissions reduction is smaller than the CO, reductions
achieved (Opel Corsa 1.3 CDTi ecoFLEX) it may be due to:

1 Improvements that are not direct technologies, such as improved engine calibration for low CO,
or other minor engine modifications have not been accounted for
1 Notall technologiesapp!| i ed t o the 6édecobd model may be evident

4.4.2 C Segment
Diesel

In the C segment, as in the B segment, each of the diesel vehicles considered (Table 35) shows a
notable difference in CO, e mi ssi ons bet ween the 6éstandardd model s
performance characteristics in terms of engine power and acceleration time are the same.

There is no difference in kerb mass between the two VW Golf models or the two Ford Fiesta models,

whereas the Volvo C30 DRIVe is heavier than the O0st a
have an increment al cost for the O6ecod variant wi tt
a2, 626.

It should be noted that individual manufacturersdéd pr
bet ween segment s: increment al pricing of 6éecod model

Fiesta and Golf versus Polo models respectively. The actual CO, e mi ssi ons reductions o
models compared to the Ostandaif @®g/km.olHeeelstsnateal iCO, i n t he
emissions reductions are in line with these values.

m }g‘:ﬁ}'gﬁ"" Framework Contract on Vehicle Emissions 78
ENV.C.3/FRA/2009/0043, Service Request #1



TRANSPORT & MOBILITY

LEUVEN

salbojouydal

75 AEA

%Dl

P L

CE Delft

ST IT 9T paisi| INOYNM 3[21Y8A 104
(w/6) 20D [euonippe payewns3y
%ET GE€EE N ! %ST G9¢€ N 1 %VT G8¢€ N 1 -|eloL
1 1 O 1 1 () 1 1 O 1AN
%€ 09 n d %€ 09 n d %€ 09 n d sluawanoiduw} —
uolssiwsuel] o
1 ] [e) 1 1 [e) i ! (o) uononpal 1yBiam M
I} I} (@] ] 1 (@] I 1 () Buizisumog W
L 1 (e} L L (6] ! ! (0] PUAAH [INd/PIIN )
1 ! 1 %T 0T n d 1 1 1 110 duibuad A}ISOISIA MO W
1 ! 1 %T oz n d I ! 1 Buriasls sjemod 211083 =
% ov n d % ov n d %e ov n d Coeueie ews)| &
Buyelq annelauabay =
%V 00z n d %t 00z n d %b 00z n d dois-ers opewoiny| &
uonoalul 19a11g auljoses W
1 ! 1 1 1 1 %T 0Gg n d SO|weuApoiae Aoy m
%T 0o n d %T 0o n d %T 0o n d Ssyuswanoldui W.
dlweuApolsy 2
%€ geg n d %€ gegE N d %€ g€ N d salkl
aoueIsisal Buljjos moT
% Buines (n) uasaud o Buines (n) éiuasaid % Buines (n) éiuasaid
20D parewnsd |1s09 parewns3 | ABojouyodal s| | 2op parewnsy |1s09 perewns3 | ABojouysal s| | 2o perewns3 |1so0o parewnsg | ABojouyoar s|

BU1|9Se(q SA 90UBI9}IP

GLOBAL
IR @ INSIGHT

C Segment Diesel

innovation
for life

Table 35

ST vos n 9T 92z9 'z 0 0z 9€¢ M (Wy/Bpo 1 1d eseys ingd
SAIYA 0€D OA[OA J1duOD3 10dL snd04 pio4 uonowan|g 14l }|o9 usbems)|oA
e
6EE'T €9€'T /SE'T /SE'T vTE'T vTE'T (bx) 1ybram qiay
L°0T L0T 6°0T 6°0T 1T 1T (S) y/w> 00T-0
¥8 8 08 08 LL L (M) Jamod auibu3
97T 9T 9T 91T 9T 91T (7) wuswaoe|dsip suibug
L/T'8T 189'ST 96G°9T 22261 00G'ATn ) [ x eogg'/g @ 29x8 892 11.d
an 66 GTT 66 61T 66 (wx/B) c0D
el I aAlba 10dL on8uEd3 10dl Idl 110D E_me_\,”__w:@_m
0ED OA|OA SN204 pJoS SN204 pJ1o4 uabemsy|oA e EEEE O
|8said

79

Framework Contract on Vehicle Emissions
ENV.C.3/FRA/2009/0043, Service Request #1

innovation
for life




TRANSPORT & MOBILITY

LEUVEN

80

75 AEA

%Dl

E
5}
Q
Ly
L]

.

Framework Contract on Vehicle Emissions
ENV.C.3/FRA/2009/0043, Service Request #1

GLOBAL
IR @ INSIGHT

C Segment Gasoline

innovation
for life

salbojouyoal
172 ze o Paisi| INOYIM 3|21Y3A 10}
(uny/6) 20D |euonippe pajewns3y
%S2C 0T8 N 1 %ve sge ‘T n 1 %VE SET ‘e n I ‘leloL
%t 08 n d %V o8 n d %t 08 n d IAA
%y 09 n d ! ! 1 ! i 1 sjuswanoldul 4
uoissiwsuel] o
1 ! 1 1 1 (@] 1 1 (@] uonanpal yblam M
%S 0sc n d ! ! (@] 1 1 O (Q/1L "oul) Buizisumog m
i ! [e) %ST Oz ‘T N0 (puady pin) o %52 O0fO0 ‘€t N (puady Ind) g PUAAH 1IN/PIIN m
1 1 1 ! 1 1 ] ] 1 110 auIbud A}ISOISIA MO m
1 1 1 %T 0oc n d %T 0c n d Buiisals Jamod 2111033 =
(1018UIB) R LR WS) g
e ov 0 d ABojouyoal pughy d ABojouyoal pughy d Bupfelq annesausbay 5
%% 00z 1 3 pliw Ul PapN|oUl JYBUSY pue S0 3 1INy Ul papnjoul Jyauaq pue 1s0D 3 TS Es SRy m
%S 08T n d ! ! O 1 1 O uonoalul 19841g duljoses W
1 1 1 1 1 (e} ] 1 1 So|weukpoiae aAndY m
1 ! 1 %T 0o n d %T 0o n d sjuswanoldul m.
olwreuhpolay =
! ! I %E se n d %€ se d saihy
aouelsisal Buljjol moT
% bBuines (n) ¢luasald % Buines (n) éluasald % Buines (n) éluasald
20D parewnsy |1s09 parewns3 [ ABojouysal s| | 2o parewns3 |1s0d perewns3 | ABojouyders| |2o) parewnsy [1s0o parewnsg | ABojouydel s|
QUI|3SB( SA 9oUBIBYIP
200 wni/b €T vz 612 '9 N Y9 2S¢ 'S N HW/Bb%o | 1d aseysing
€V Ipny 1ybisul epuoH Sniid ejoAoL
aul|oseD
0€2'T 980'T ove't G6CT-SPCT 0Zh'T (6x) 1ybram quay
- ST 620 Tl Beup Jo 1ua1011480D
G'0T GZT ST 0T 0T (S) u/wx 00T-0
(M>00T Jamod
lamod aulbu
LL 99 g9 L6 wasAs) £/ (M) d au1buz
1 T VT 9'T 38T (7) wawaoe|dsip auibug
9/0'6T oS0t G9/.'9T 98e'dqIn ) [ x e8E9'TE @ | S IJXa 982 |
eet Get T0T ST 68 (w>/6) <0o
(jenuew)
oluoN S [S4L (renuew)
) 1ybisu| epuoH anew-A snild e10ho|
zTev ipny | zzer epuoH
slIny e10Ao|

Table 36

auljoses

innovation
for life




) " GLOBAL = , TRANSPORT & MOBILITY
T™NO ;o IR (@) soen cepert _SKEpol 3 AEA

Gasoline

For the gasoline vehicles (Table 36), vehicle-level differences are more significant between hybrid
and nearest equivalent models. There is evidence that the hybrid vehicles have been developed with
a strong focus on low fuel consumption, such as in vehicle aerodynamics: both Prius and Insight
have drag coefficients of 0.25, which is considerably lower than the segment average of circa 0.33
Cd. Another example in the case of the Toyota Prius is a minimal vehicle weight penalty despite its
use of relatively heavy electrical components.

The CO, emissions figure for the Toyota Prius is 89 g/km compared to 153 g/km for the Auris. The
price differential is also significant at 065,
the maximum engine power of the Auris is 97 kW and that of the Prius is 73 kW, however the
maximum system power of the Prius is 100 kW so comparable to the Auris. Comparing the
acceleration times the Auris achieves 0 1 100 km/h in 10s and the Prius in 10.4s. Taking into account
the additional mass of the Prius this is comparable.

The CO, improvement for the Honda Insight versus the Honda Jazz model is 24g/km, and the price

252,

di fferential is 0U6,219. This pri c eghedincfementaleosts ofa |

hybrids versus other CO, reducing technologies but also the difference in vehicle segment and size
(the Insight is a bigger vehicle than the Jazz). The price differentials for the hybrid models are
significantly higher than the equivalent price differentials for the diesel models considered.

A simple analysis of estimated powertrain system costs for the two hybrid vehicles is shown in the
table below. All cost data assumes an ex-works cost to the OEM and does not include R&D costs,
OEM overheads, marketing budget or profit margins. The analysis includes main powertrain
components only, and does not account for any changes in ancillary systems, such as special
heating & ventilation equipment. Electrical component costs have been calculated as far as possible
using the assumptions provided by ICF for Task 1.1.9 of this Service Request. ICF prices used are
those given for 2012. The assumption of full-scale production, on which the prices are based, may be
taken as valid, since annual production numbers of Prius and Insight are already greater than
200,000 units / year. Other data is sourced from the US Department of Energy / Oak Ridge National
Laboratory (ORNL) study fATechnology and <cost

(2007).

It should be noted that this analysis takes no account of cost differences for vehicle structure and
components, which may be present owing to the different set of design priorities that will be applied
to fuel economy flagship vehicles such as these. Such comparisons are beyond the scope of this
work, but cost differences are likely to be significant.

of

For the Audi A3 1.2 TFSI n ¢ redusirtg denhddogias s avaitalbld forl e

comparison. Therefore the analysis for this vehicle just shows the estimated incremental cost and
CO, benefit that is provided by the identified low CO, technologies. The analysis indicates that the
additional cost of the low CO,t echnol ogi es is <circa 0810 and
technologies is 25%. This suggests that without these technologies the CO, emissions of the vehicle
could be closer to 164 g/km compared to the 123 g/km of the current model.
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Table 37 Toyota Prius (2009).
Component Rating / details =2 el Source
cost (
Additional components
Motor 60 kW 530 | TNO/ICF @
Generator 30 kW 290 | TNO/ICF®
Inverter 90 kW total 950 | TNO/ICF @
Controller - 150 | TNO/ICF @
Boost converter Assume 60 kW 190 | TNO/ICF @
Battery pack 1.3 kWh 1,110 | TNO/ICF®
Power electrical harness - 150 | TNO /ICF ¥
DC-DC converter 1.2 kwW 120 | ORNL @
Regenerative braking system - 80 | ORNL @
Power split transmission - 320 | ORNL @, Ricardo analysis
Total 3,890
Omitted components
3 Starter, alternator, .
Engine de-feature full VYA 220 | Ricardo
Transmission 600 | Ricardo
Clutch 50 | Ricardo
Total 870
Overall cost increase 3,020
Table 38 Honda Insight (2010).
Component Rating / details Estimated Source
cost (
Additional components
Motor 10 kW 130 | TNO/ICF ™
Inverter 10 kW 150 | TNO /ICF @
Controller - 150 | TNO/ICE @
Battery pack 0.6 kWh 620 | TNO /ICF ¥
Power electrical harness - 150 | TNO/ICE @
DC-DC converter 1.0 kW 100 | ORNL @, Ricardo analysis
Total 1,300
Omitted components
Engine de-feature Starter, alternator 80 | Ricardo
Total 80
Overall cost increase 1,220
(1) Impacts of Electric Vehiclesi Del i ver abl e 2 fAAssessment toefc henlod cotgryioc
ICF, CE Delft, Ecologic, December 2010.
2)Us Department of Energy / Oak Ridge National
MY2007 Toyota Camry HEV final reporto (2007).

4.4.3D Segment

For three out of the five vehicle models reviewed the manufacturers do not differentiate by having an

r veephoir ct

Laboratory

6ecobd6 and oO6standarddé variant of the same model That
well as the BMW 318 and Audi A4 TFSI gasoline models these are the only options.

Diesel

As with the previous segments, each of the vehicles considered in the D Segment show a notable

difference in the CO, emi ssi ons from the 6standar do mo d e | to
performance characteristics (power and acceleration) vary from a decreas e f rom O0standar do
for the BMW 320d model s, to an increase from 6stand
m ;g?ﬁ;’:ﬁ‘)" Framework Contract on Vehicle Emissions 82
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Thus in the | atter <case, the additional cost of the
improved CO, emissions and fuel economy, but also improved performance.

There is 00 price difference between the BMW 320d
models.

For the BMW 320d Efficient Dynamics, many individual technologies are employed to reduce CO,

emissions, resulting in an estimated CO, e mi ssi ons reduction of 22 g/ km
model.

This is higher than the actual di fference noted betw
the actual CO, reduction is less than the sum of the estimated potential benefits of each individual

technology could be due to the diminishing returns that can be achieved from multiple measures that

target similar sources of energy loss.

It should be noted that t he diwely bw @@ rvalugé ath2bchtkrh. al r ead
There is no difference in price between 6éecod and o0
additional cost of 0649 for the technologies employe
For the Audi A4 2.0 TDle there is just an 8 g/km CO, difference between t hi s and the 06s
model . I't should be noted that the d6édecod model has a
versus 88 kW. In general variants in a model range with the same technology, with a higher

maximum power have higher CO, emissio n s . I f the 6standardd model had

6ecod model then the di f,ffigures wauld likdlyebe largex and thdreforet wo CO
closer to the 13 g/km estimated by the analysis shown in Table 39.

The a

ct price differential bet ween the two model s
cost of

ual
the technologies present of 0365.
Gasoline

For the BMW 318i and thendaddobéAd ebdi,eduding&thhoogiesd s CO
is available for comparison. Therefore the analysis for these vehicles just shows the estimated
incremental cost and CO, benefit that is provided by the identified low CO, technologies.

For the BMW 318i the analysis indicates that the additional cost of the low CO, technologies is circa

0525 and that the benefit provided by these technol
technologies the CO, emissions of the vehicle could be closer to 172 g/km compared to the 146 g/km

of the current model.

For the Audi A4 2.0 TFSI the analysis indicates that the additional cost of the low CO, technologies is

circa 0525 and that the benefit provided by these
without these technologies the CO, emissions of the vehicle could be closer to 180 g/km compared

to the 149 g/km of the current model.
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4.5 Conclusions

As noted above, in the comparison between 6 st andar d6é and 6éecod6 model s, t h
reduction in CO, emissions and the increase in price often do not match well the sum of the

individual estimates for the technologies identified as being featured. This is not surprising, for a

number of reasons:

1 CO, benefits tend to reduce as multiple CO,-reducing technologies are added that target the
same sources of losses i.e. there is likely to be a non-linear summation when including several
technologies
1 The analysis assumes a baseline specification which may not exactly apply for each model and
manufactureri i . e . the O6standar dodé vehi ¢iledudicn pdtemtialevdriesof t ec h
from case to case
1 The benefit extracted by the manufacturer from each technology may not be the maximum
potential benefit, due to limiting factors specific to the particular model or for cost reasons
T Not all technologies applied to 6ecob6 models may b

The latter two points are particularly significant. The optimisation of fuel consumption and CO,
emissions is a complex process in which the most significant gains can be achieved only if the
implementation of headline technologies is accompanied by other incremental improvements in many
different systems and components.

The CO, reduction potential and limits of such detailed refinements will vary significantly from vehicle
to vehicle. The following list gives an indication of the most significant such factors and their typical
levels of CO, reduction potential and cost based on Ricardods experience:

1 Lightweighting. Approximately 0.6% CO, emissions reduction is achieved for each 1% saving in
total vehicle mass. Cost levels are likely to be very variable depending how savings are
achieved. A drive cycle CO, emissions benefit is only achieved if weight reduction measures are
sufficient to reduce the vehiclebs inertia class f
hybrid) tends to reduce the benefit available from lightweighting.

1 Engine calibration. Improvements in engine combustion efficiency can usually be achieved by
re-optimisation of engine calibration with a higher priority on fuel consumption. Any
improvements will typically be at the expense of other factors, such as noise. Levels of potential
forimprovement wi l | depend on the O6standardd vehicl eds:s
of existing optimisation. Cost of implementation of improvements is close to zero except for
development costs.

1 Engine downspeeding. Reduction in frictional losses can be achieved by reducing engine
speed over the drive cycle, such as by the use of longer final drive ratios. The limiting factor is
the engineds | ow speed t or gu egreduclion pan beathiewedusiogp t o ~5
existing technology, however there may be a driveability penalty. If existing, off-the-shelf parts
are used, the cost impact is close to zero.

It should be noted that some CO,-reducing measures may result in undesirable tradeoffs against
other vehicle characteristics, limiting the vali di ty of direct comparison wit
Characteristics that may be impacted include:

1 Noise, vibration and harshness (NVH): e.g. improved combustion efficiency through tradeoff
with combustion noise in diesel engines, reduced vehicle mass through reduction of sound
deadening material

1 Driveability: e.g. reduced engine speeds over the drive cycle through longer gear ratios

(potential impact on driveability if low speed torque is critical)

Comfort: e.g. reduced vehicle mass through minimisation of carpeting, seat padding, etc.

Handling: e.g. minimised rolling resistance through use of different tyre design / materials (can

result in less desirable tyre grip characteristics)

1 Features: e.g. reduced vehicle mass through reduction of functionality, such as infotainment
equipment, spare wheel, non-essential safety features.

=a =4
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4.5.1 Overall view on pricing vs. estimated costs

The data presented gives a mixed picture of how manufacturers price their vehicles for CO,
reducti on. The pr i anedeldis lrjecim some cased, especially irbtikeecBoadd C

segment s, perhaps justified in terms of factors such

financial benefits (e.g. reduced vehicle tax and traffic charging incentives). In other cases the price
differential is small or zero. Thus the extent to which costs are passed on to customers is not clear
from this analysis.

The analysis suggests that manufacturers have different strategies when deciding how to price low
CO, emitting vehicles. Some of the options that may be considered are:

1 Increase the price and generate additional profit

1 Increase the price to cover the technology cost but generate no additional profit

1 Do not increase price and do not cut base level equipment/features. This is the best option for
the consumer

1 Do not increase price but cut equipment/features

91 Offer the most energy saving model as an additional version to those in the existing portfolio.

The analysis has tried to compare models on the basis of similar trim levels, however offering higher
equipment levels (at minimal extra cost) is clearly another mechanism by which manufacturers could
attempt to pass on additional costs of CO,-reducing technology, although there is no evidence that
this is a common practice.

In many cases, the estimated additional costs to the manufacturer appear to be much smaller than

the additional price charged to the consumer, suggesting additional profit is generated on these
models. However, the analysis performed takes no account of engineering costs, which on a per-
vehicle basis could be significant for O6ecob6 var.i
more significant in the case of more radical technologies such as those featured in the hybrid
vehicles considered.

Evenifamanuf acturer chooses to follow a strategy of
models, it can be assumed that any additional costs involved will be met by a general increase in
prices across the model range as a whole.

4.5.2 Analysis of cost and CO; benefits of technologies currently in the marketplace
by vehicle segment assessed
Table 40 and Table 41 provide a summary of the cost and CO, benefits of technologies currently

applied to the vehicles which were reviewed in this report. Table 40 covers diesel vehicles and Table
41 covers gasoline vehicles, both detail additional cost and benefit by vehicle segment.

A dash is shown in the boxes where it is not clear whether the technology is utilised and the box is
greyed out where the technology is definitely not
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Table 40 Summary of cost and CO; benefits for diesel vehicles in the B, C and D segments assessed in
this report
Igv?/cchgglggii:iiﬂpgleéjstgL B Segment C Segment D Segment
vehicles assessed in this | On-cost CO, On-cost CO, On-cost CO;
report saving saving saving
Low Rolling Resistance tyres u3o0 3% ua3s 3% ua4o0 3%
Aerodynamic improvements ao 1% uao 1% uao 1%
Active aerodynamics us0 1% u6o0 0.8%
Gasoline direct injection
Automatic stop-start 175 4% 200 4% u225 4%
;fgri’;fgi‘)“ve braking (smart {4 o 29 G40 2% G40 | 2%
Electric power steering a20 1% ua20 1% a20 1%
Low viscosity engine oll u8 1% alo 1% ail2 1%
Mild hybrid
Full hybrid
Downsizing uas50 4% uas50 4% uas50 4%
Weight reduction 0128 15% 0160 15% 0192 15%
Transmission improvements ua6o0 3% u6o0 3% u6o0 3%
VT

4.5.3 Comment on low-CO, technologies employed outside B, C and D segments

As explained in the introduction to this task, no additional low-CO, technologies were identified for
other market segments beyond those already identified for the B, C and D segments. The reason for
this may be explained as follows.

Vehicle segments B, C and D offer the greatest potential for influencing a manufacturer6 s f | eet
average CO, figure, since they account for a very high proportion of total vehicle sales. Thus these

segments tend to be the first recipients of new CO,-reducing technology. In order to offer
competitive products, manufacturers can be expected to employ those CO,-reducing technologies

first that give the best trade-off with cost. Technologies that sit further along the cost curve will tend

to be employed for a particular model only once the benefits of more cost-effective technologies have

already been taken advantage of. The magnitude of CO, benefits, at least for the technologies

currently available in the market, is reasonably independent of the vehicle segment to which they are
applied. Therefore fAoutl i er atedtefeatune onlselagtedenwdelsafn gener
a manufacturerés product range only in the ooase of
sensitive (e.g. large proportion of sales) and relatively price-insensitive. This is rarely the case i for

example, the F segment may be considered relatively price-insensitive, however for most
manufacturers this segment represents only a small proportion of total sales, thus little incentive

exists to develop CO,-reducing technologies especially for application to this segment.

An exception to this rule is the case of a manufacturer meeting a market demand for products that

are seen to be fAgreenod, i ndependent | y Sachamakgt need t
demand is easiest to imagine in the case of the E segment. Models in this segment are available

with several of the technologies identified for the B, C and D segments, despite the fact that sales
represent <5% of tot al passenger <car sales. Howeve
drivers are not currently strong enough for manufacturers to offer any further CO,-reducing

technologies beyond those already available in the B, C and D segments.
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Table 41 Summary of cost and CO; benefit estimates for gasoline vehicles in the B, C and D segments
assessed in this report
Technologies applied to B Segment C Segment D Segment
Glz\ggﬁﬁlém'shs.'oln On-cost CO, On-cost CO, On-cost CcO,
qi t\r’f Icles ¢ (u) | saving ( G) | saving ( u) | saving
assessed in this repor (%) (%) (%)
Low Rolling Resistance tyres ua30 3% ua35 3% - -
Aerodynamic improvements - - uao 1% uao 1%
Active aerodynamics - - u6o0 0.8%
Gasoline direct injection - - 0180 5% 0180 55%
Automatic stop-start 175 5% 1200 5% 225 5%
Regenerative braking (smart Q40 20 Q40 20 Q40 206
alternator)
Electric power steering - - ua20 1% ua20 1%
Low viscosity engine ail u8 1% - - - -
Mild hybrid al, 2 15%
Full hybrid a3, 0 25%
Downsmng (inc. i i 4250 5% i i
turbocharging)
Weight reduction - - - - - -
Transmission improvements u6o0 3% u6o0 4% - -
VVT u8o 4% ua8o 4% ua8o 4%

4.6 References

4.6.1 Sources for B Segment vehicle data

Volkswagen Polo BlueMotion

iThe new 1.2 TDIElIl imowatiodk swiagent hree cyl in/der s

F Rudolph; J Hadler; H J Engler; A Krause; C Lensch-Franzen, the 31st Vienna Engine Symposium,
Apr 2010

Ford Fiesta ECOnetic

http://www.ford.co.uk/Cars/Fiesta/FiestaECOnetic
http://www.carsuk.net/ford-fiesta-econetic-price-specifications-and-data/

Opel Corsa 1.3 CDTi ecoFLEX:

http://media.opel.com/content/media/intl/en/news.detail.brand opel.html/content/Pages/news/intl/en/
2011/OPEL/01 25 opel corsa mce

Toyota Yaris

http://www.toyota.co.uk/cgibin/toyota/bv/generic editorial.jsp?deepLink=YA5 Specification new&nod

iv=TRUE&fullwidth=TRUE&edname=specSheet YA5&carModel=Yaris&imgName=bv/CarChapter/Y
A5/Imagery/YA5 spec.jpg&zone=Zone%20YARIS&navRoot=toyota 1024 root

Mitsubishi Colt ClearTec

http://www.mitsubishi-cars.co.uk/colt/
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4.6.2 Sources for C Segment vehicle data

Volkswagen Golf BlueMotion
http://www.volkswagen.co.uk/#/new/golf-vi/which-model/engines/overview
Ford Focus ECOnetic

http://www.ford.co.uk/Cars/Focus/FocusECOnetic

Volvo C30 DRIVe

http://www.volvocars.com/uk/all-cars/volvo-c30/details/pages/technical-spec.aspx

Toyota Prius
http://www.toyota.co.uk/bv/leads/pdfFiles/rc46362.pdf

Honda Insight

http://www.honda.co.uk/cars/insight/#fullspecification

4.6.3 Sources for D Segment vehicle data
BMW 320d EfficientDynamics

http://www.bmw.co.uk/bmwuk/pricesandspecifications technical specs/0,,1156 181246516 bs-
Mw%3D%3D%40bb-TEKWOA%3D%3D%40bm-WINFRA%3D%3D,00.htmI?tab=technicalSpec

Audi A4 2.0 TDIle Saloon
http://www.audi.co.uk/new-cars/a4/a4-saloon/saving-you-fuel.html
Mercedes C220 BlueEfficiency

http://www2.mercedesbenz.co.uk/content/unitedkingdom/mpc/mpc_unitedkingdom website/en/home
mpc/passengercars/home/new_cars/models/c-class/w204/technical data.html

BMW 318i

http://www.bmw.co.uk/bmwuk/pricesandspecifications technical specs/0,,1156 181246516 bs-
Mw%3D%3D%40bb-TEKkwOA%3D%3D%40bm-WkowMQ%3D%3D,00.htmI?tab=technicalSpec

Audi A4 Saloon

http://www.audi.co.uk/new-cars/a4/a4-saloon/saving-you-fuel.html

4.6.4 Sources for German vehicle prices
Volkswagen Polo BlueMotion

http://www.volkswagen.de/etc/medialib/vwems/virtualmaster/de/Models/Der _neue Polo/media.Par.0
033.File.pdf/tup polo kw23.pdf

Volkswagen Polo TDI

http://www.volkswagen.de/etc/medialib/vwecms/virtualmaster/de/Models/Der _neue Polo/media.Par.0
033.File.pdf/tup_polo kw23.pdf

Ford Fiesta ECOnetic

http://www.ford.de/Pkw-Modelle/FordFocus/BroschuerenPreiseDaten
Ford Fiesta DuraTorq 1.6l

http://www.ford.de/Pkw-Modelle/FordFocus/BroschuerenPreiseDaten

Opel Corsa

http://www.opel.de/fahrzeuge/modelle/personenwagen/corsa-5-tuerer/daten/modelle.html
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Toyota Yaris
http://www.toyota.de/cars/new_cars/yaris/specs.aspx
Mitsubishi Colt ClearTec
http://www.mitsubishi-motors.de/modelle/colt/preise
Mitsubishi Colt

http://www.mitsubishi-motors.de/modelle/colt/preise

Volkswagen Golf BlueMotion
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http://www.volkswagen.de/etc/medialib/vwcms/virtualmaster/de/Models/golf0/golf 6/media.Par.0094.

File.pdf/technikupreise golf.pdf
Volkswagen Golf TDI

http://www.volkswagen.de/etc/medialib/vwcms/virtualmaster/de/Models/golfO/golf 6/media.Par.0094.

File.pdf/technikupreise golf.pdf
Ford Focus ECOnetic

http://www.ford.de/Pkw-Modelle/FordFocus/BroschuerenPreiseDaten
Ford Focus TDCi

http://www.ford.de/Pkw-Modelle/FordFocus/BroschuerenPreiseDaten
Volvo C30 DRIVe

http://www.volvocars.com/de/all-cars/volvo-c30/details/pages/infoundpreisliste.aspx
Volvo C30 D2

http://www.volvocars.com/de/all-cars/volvo-c30/details/pages/infoundpreisliste.aspx

Toyota Prius
http://www.toyota.de/Images/Web-PDF Prius PDB 0209 tcm281-463828.pdf

Toyota Auris V-matic (manual)
http://www.toyota.de/Images/081028 Auris PDB 0208 tcm281-546957.pdf
Honda Insight

http://www.honda.de/content/automobile/modelle insight technische daten.php

Honda Civic 1.4 (manual)
http://www.honda.de/content/automobile/modelle_civic technische daten.php
BMW 320d EfficientDynamics
http://www.bmw.de/de/de/newvehicles/3series/sedan/2008/introduction.html
BMW 320d

http://www.bmw.de/de/de/newvehicles/3series/sedan/2008/introduction.html
Audi A4 2.0 TDIe

http://www.audi.de/de/brand/de/neuwagen/a4/a4 limousine/Katalog und_Preisliste.html

Audi A4 2.0 TDI

http://www.audi.de/de/brand/de/neuwagen/a4/a4 limousine/Katalog und_Preisliste.html

Mercedes C220 BlueEfficiency

http://www.mercedes-

benz.de/content/germany/mpc/mpc_germany website/de/home _mpc/passengercars/home/new car

s/models/c-class/w204/catalogue prices.html
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BMW 318i

http://www.bmw.de/de/de/newvehicles/3series/sedan/2008/introduction.html
Audi A4 TESI

http://www.audi.de/de/brand/de/neuwagen/a4/a4 limousine/Katalog und Preisliste.html|

4.6.5 Other references

ATechnol ogy and <cost of the MY2007 Toy-B007132)Camry H
Olszewski, M; US Department of Energy / Oak Ridge National Laboratory (2007)

Impacts of Electric VehiclesT Del i ver abl e 2 efilAescstersiscmevnethiocfl e and batt
report, ICF, CE Delft, Ecologic, December 2010
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5 Model Cycl es
5.1 Obijective

The objective of work reported in this chapter was to investigate the model cycles of mainstream car
models from different manufacturers and different market segments and assess the impacts of their
timing on the feasibility of the 95g/km target in 2020.

Activities within this task included:

1 Review of factors affecting lead times in vehicle development and upgrades for vehicle platforms
and powertrains

1 Selection of three manufacturers and vehicle models from each of the B, C and D segments
based on annual European sales for detailed analysis

1 Analysis of projected vehicle model and vehicle platform cycle introduction dates for the chosen
manufacturers and vehicle models provided by IHS Global Insight

1 Analysis of projected powertrain cycles for the chosen manufacturers and vehicle models based
on manufacturers6é6 announcements of forthcoming pow
and expert assessment

1 Overview of the degree of fit of different manufacturers vehicle model, platform and powertrain
cycles with planned EU noxious emissions and CO, legislation

Caveats:

1 The OEMSs, vehicle models and powertrains selected in this task are used as examples to
represent the industry as a whole and therefore may not reflect every scenario

1 Vehicle and engine cycle introduction dates are considered sensitive commercial information for
OEMs, especially regarding future plans, and may not be readily available in the public domain

1 Ricardo has used publically available information to create the engine cycle introduction plans

5.2 Factors affecting lead times in vehicle development

Vehicle model / platform and powertrain product development involve a large number of activities
with complex interactions. They range from marketing activities to identify customer needs /
requirements to engineering activities involving concept development, feasibility studies, technology
optimisation, testing and validation (including prototyping), calibration and attribute development, to
production planning including supplier selection and plant / equipment installation and continuous
improvement.

Each OEM will have a different detailed product development process but all will include steps similar
to those described above. In addition many OEMs are moving to utilising Global Product
Development Systems (e.g. Ford and General Motors) in order to leverage worldwide resources to
help reduce costs and to cut time from the overall product development cycle.
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An illustrative example of a high-level technology and vehicle product development process is shown
below:

A
A\ 4

~5 years
21 3years
< - >
18 months i 2 years
Kick-Off Concept D ate | tation
TECHNOLOGY Selection Attributes Ready
MILESTONES 0
TECHNOLOGY
e & *
DEVELOPMENT  "tial Concept <
Selection Final Concept Attribute Implementation Ready
Selection Demonstrator Demanstrator
o Concept Appearance Production Intent Development  Engineering
VEHICLE Rickeei Approval Approval Prototype Sign-Off Sign-Off o d

MILESTONES @ o @ Q o e @

[~ SyingTheme 3 Ciay Models

i *
Before any vehicle Theme Package Freeze and  Drawing
development program STYLING Selection Stying Sign-Off ~ Release =
inleo PROCESS and Design, Build and Test i Early Stage Prototypes *
C?tné(“;k Offf’ the I d ENGINEERING Design, Build and Validate i Production Intent Prototypes *
attriputes or any planne: * Y Quality
technology must be Eary Sage Prodton entPotpes Signof
Prototypes Available Available (Off Facility)
demonstrated
For vehicle concept VEHICLE
RENELCRMEN]
appl’oval, the technology Calibration and Attribute Development Ty;éi:gg‘ueval
must be implementation L Vaiaion
ready 100% Of
* *
PRODUCTION Tooling, Build and Information Engineering

Strategy Defined Sign Off

Tool Release

Figure 19 High-level technology and vehicle product development process.

In general,

1 To develop a new technology and implement it into a vehicle platform will take circa 5 years

1 To implement a new technology which has been demonstrated into a vehicle platform will
take circa 21 3 years

1 To apply an existing technology to a new vehicle application will take circa 18 months i 2
years

1 To develop a new engine platform will take circa 3 years

OEM examples;

Peugeot e-HDi technology (new generation stop & start system that combines a reversible starter-
alternator and diesel engine which will launch on the Citroen C5 and new C4 and C4 Picasso) had an
invest ment of (G300m, a project duration of 36
the project.’’

There are a number of key factors which affect the lead times in the vehicle / powertrain product
development process;

1 Level of change required to vehicle / powertrain
The overall product development process to be followed will be fixed but lead-times can vary
depending on the level of change required to a vehicle or powertrain, that is, whether it is a new
(clean sheet) design or a minor or major change.

For example; a minor change may be resourcing of a component, a change of transmission
ratios, or recalibration of an existing engine for a different vehicle application. A major change
may be upgrade of an engine from 2 to 4 valves/cylinder, addition of turbocharging or direct fuel
injection, or introduction of a new transmissions type such as DCT.

Y PSA Press Rel-HDaPSA Pefigabt Cithoendfurther improves the fuel efficiency andcar bon f oot print o " June s
2010.
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It may be possible to remove several levels of prototyping from the development process and
reduce the validation (technology in vehicle) time and hence reduce the overall lead-time
required.

All OEMs are looking to reduce development times, especially through the use of virtual
prototyping. However not all parts of the development cycle can be completed virtually, for
example with conformity of components, some hardware phases are still required.

For a new engine development programme there may be up to five levels of prototyping;

Mule: Used for initial attribute and functionality testing, emissions and performance
development

1° Prototype: Used to develop functional requirements. Built using non-production suppliers
2" Prototype: Soft tooled production supplied for functional and durability testing

3" Prototype: Built using off tool production tooling and production suppliers for further
durability testing

4™ Prototype: A few weeks from Job 1, using on-process tooling and production suppliers

In addition lead times for prototype components for engines can be up to 12 weeks, particularly
large components such as engine blocks and manifolds. So reducing the number of prototype
levels can significantly reduce the overall product development lead-time.

It should be noted that reducing the lead-time of a product development process too far, by
cutting down on levels of prototyping / product validation (testing) for any given level of change
can have an adverse impact on the quality level of a product and potentially cause warranty
issues in the field. Although time / cost is saved during the development process this can be
more than offset by increased product warranty costs and can damage the reputation of the
brand and/or technology in the eyes of the consumer.

1 Collaboration, platform sharing, joint ventures and trading
Rather than developing a specific technology in-house OEMs can apply technologies developed
by a supplier or other OEM or collaborate with another OEM to develop a technology.

By using a technology supplied by a third party rather than a 5 year+ programme to develop a
new technology and implement it in a vehicle, this could be reduced to an 18 month i 3 year
process dependent on the type and maturity of the technology involved. For example, Nissan
licensingToyot ads Hybrid Synergy Drive.

Collaboration between OEMSs, jointly developing for example a vehicle platform (e.g. Toyota/PSA
cooperation for joint development and production of small cars), engine family (e.g. PSA/Ford
joint development of diesel engines) or technology (e.g. Two Mode hybrid system jointly
developed by BMW, Daimler and GM) also helps to reduce cost and resource requirements.

OEMs will plan cycles of vehicle and powertrain development which will indicate when a vehicle
model will be upgraded / refreshed or move to a new platform and when new engine families will be
developed or upgraded, variants added (e.g. a new power variant). An example of a vehicle cycle
plan is shown below:

Table 42 A vehicle cycle plan.

OEM A 2009 2010 2011 2012 2013

Model X New model  Add 3 door variant Minor face-lift

Model Y Add cabriolet  New model

Model Z Major face-lift New model
m '}g?ﬁ:eation Framework Contract on Vehicle Emissions 95
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Cycle plans usually span up to 10 years but will be more detailed for the first 5 years in terms of
capital investment and resourcing requirements.

The key factors that influence the timing of cycle plans are:

1 Budget

Budgets for research & development are dependent on forecast model sales and profits for the
vehicle OEMs; these are typically set annually but reviewed during the year according to vehicle
sales. Budget availability is the key factor which influences vehicle / powertrain cycle plans. The
amount of budget available will determine how many changes to models / powertrains can be
planned for a particular year, taking into account the length of the product development process
for each change. For example, for a model with a new engine technology to be launched in 2012
development on the new engine needs to have started 5 years earlier in 2007.

1 Resource
Availability of resources is also a key factor in influencing vehicle / powertrain cycle plans.
However the limitation is not as fixed as with budget availability as there is the possibility of
contracting extra resources or using an external consultant when not enough resource is
available in-house to deliver the cycle plan.

 Economic constraints
The business case for a particular vehicle model is predicated on an expected sales volume
which is sufficient to cover all of the fixed costs involved (development, tooling etc.) and to make
a profit. Beyond that sales volume marginal profit will be high as the fixed costs have all been
recovered. If the expected sales volume is never reached then the model will make a loss.

Flexibility of the product development process to changes in legislation

For products launching in 2015, development will have started now (2010/2011) or will start in the

next1-2 years depending on the | evel of change require
plan will have been carefully planned to ensure there is sufficient budget and resource to deliver. At

any one time there will be many product development programmes underway at different levels of

completion covering the range of the OEMSs vehicle models and engine families.

OEM cycle plans will be firmly detailed in the short term and development on products will already be
underway with budget and resources allocated making it difficult to accommodate any changes in
legislation such as forward movement of implementation dates or changes to limits/targets in the
short term (up to 5 years). It can take up to 5 years to implement a technology into a vehicle model
depending on the technology maturity and level of change required. For an OEM to make changes to
the cycle plan at this late stage it may involve cancelling or changing product development
programmes already underway or accelerating the development of a product. Availability of budget
and resources may limit what can be changed.

A ABusi ness Aslan Wil he ddsignedcto kedp devgiopment costs as low as possible and
profits as high as possible. Sometimes there may be a need to accelerate the introduction of a new
product into the marketplace in the normal course of business, this could be in response to
competitors, legislation or to fulfil a market need. Accelerating product introduction will increase the
cost of development, may impact on downstream reliability and therefore increase warranty costs
and result in an overall lower profit for the OEM. Whilst accelerating product introduction is possible it
is not good for fABusiness As Usual o due to the incre

There is a larger degree of flexibility in cycle plans beyond 5 years, as although OEM cycle plans
usually span 10 years they are generally not as detailed in terms of budget and resourcing
requirements. It will also be easier to amend plans where the product development process has not
yet started. Again budget and resource constraints will impact what changes can be made.
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5.3 Selection of manufacturers and vehicle models

To select three mainstream models from the B, C and D passenger car segments from three major
and unconnected manufacturers an analysis of sales in Europe was conducted.

IHS Global Insight provided data for passenger car sales by OEM brand in Europe for 2009 and
projected for 2010. The top five selling OEM brands are shown in the table below:

Table 43 The five selling OEM brands.

Sales in Europe*

OEM Brand 2009 2010
Volkswagen 1,892,471 1,782,694
Renault 1,569,534 1,507,802
Ford 1,741,864 1,473,196
Peugeot 1,283,447 1,186,585
Fiat 1,292,283 1,094,694

* All data from IHS Global Insight.

The top three selling brands of Volkswagen, Renault and Ford were chosen and models in the B, C
and D segments of those brands were identified. See tables below:

Table 44 Volkswagen models in the B, C and D segments.
Sales in Europe*
Brand Model Segment 2009 2010
Polo B 294,076 347,262
Golf C1 616,513 493,189
Volkswagen | Golf Plus C1 79,157 82,387
Passat D1 203,383 207,503
Passat CC D2 29,406 21,013
Table 45 Renault models in the B, C and D segments.
Sales in Europe*
Brand Model Segment 2009 2010
Clio B 392,255 387,500
Megane C1 281,255 261,861
Renault Megane Scenic MPV-C 141,778 176,220
Laguna D1 49,303 49,217
Laguna Coupe D1 6,044 6,030
Table 46 Ford models in the B, C and D segments.
Sales in Europe*
Brand Model Segment 2009 2010
Fiesta B 496,843 452,153
Ford Focus C1 381,687 351,733
Focus CC C1 7,938 3,669
Focus C-Max MPV-C 77,917 77,568
Mondeo D1 125,760 107,976

* All data from IHS Global Insight

For the purpose of analysing vehicle model, platform and powertrain introduction cycles the following
models, one from the B, C and D segments for each brand were selected:
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Table 47 Selected vehicle models for analysing vehicle model, platform and powertrains introduction cycles.
Segment
Bran
and B C D

Volkswagen Polo Golf Passat

Renault Clio Megane Laguna

Ford Fiesta Focus Mondeo

5.4 Vehicle model platform cycles

For the each of the manufacturer models identified above IHS Global Insight supplied projected
vehicle model and platform cycle introduction dates.

Definitions and abbreviations used in the vehicle model / platform cycles are:

Vehicle Platform: Typically a vehicle platform consists of parts such as chassis, suspension,
steering, driveline, brake system etc.

Platform change (NG = Next generation model): A new vehicle platform is designed which means
that the architecture as a whole for the model has changed. It also implies that the plant where the
model is produced needs to undergo retooling to produce the new platform.

F/L = Facelift: The vehicle model is refreshed by the OEM without changing the vehicle platform. For

example a minor facelift may involve changes in features such as lights, bumpers, interior trim and
infotainment. A facelift also generally implies that the powertrain also remains unchanged.

Vehicle model platform cycles are shown below for Volkswagen, Renault and Ford:
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Renault vehicle build programme.

Figure 21
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Volkswagen vehicle build programme.
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Ford vehicle build programme.
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The table below shows the typical time between platform changes and facelifts for each vehicle
model derived from the vehicle model / platform cycle charts.

Table 48 Typical time between platform changes and facelifts for each vehicle model.
Time between platform Time between vehicle
Segment Model )
changes facelifts
VW Polo 8 yrs 31 4yrs
B Renault Clio 71 8yrs 271 3yrs
Ford Fiesta 6 yrs 3yrs
VW Golf 47 5yrs -
C Renault Megane 61 7yrs 4 yrs
Ford Focus 61 7yrs 4 yrs
VW Passat 71 8yrs 5yrs
D Renault Laguna 7 yrs 3yrs
Ford Mondeo 7 yrs 3yrs

It can be seen that:
1 On average vehicle platforms are changed every 6 i 8 years with some exceptions (e.g. VW Golf
Mark VI launched in 2008 and the VW Golf Mark VIl is due in 2012, just 4 years between
platform change)

Vehicle models are generally refreshed with a face-lift between 2 to 4 years after a platform
change

Vehicle models in the C segment generally have a shorter time between platform changes than
those in the B and D segments. The C segment is the biggest selling segment in Europe and
most competitive

Platform changes / facelifts are staggered so that changes to vehicle models are not all made
within the same year

5.5 Powertrain introduction cycle s

For each chosen manufacturer, Ford, Renault, Volkswagen, several high volume gasoline and diesel
engine platforms have been chosen for review to cover engines utilised in each of the vehicle models
reviewed in the previous d$ecmi ecrycfieshiicl e

These engine platforms represent a selection of the engines available for each of the OEM vehicle
models and by no means represent all of the engine choices available for each model.

In order to allow vehicles and powertrains to be developed in parallel a package envelope for the
vehicle will be defined. Vehicles are designed to accommodate whatever engines are available. In
order to design the engine, constraints will be defined in terms of packaging targets for the vehicle
models into which the engine is expected to go, the required layout (North/South or East/West) and
any changes required in line with the strategic direction (e.g. low bonnet lines, under floor engine
etc.)

It is unusual for a vehicle and a powertrain to be entirely dependent on each other. Exceptions to this
are where there is an architecture level change such as some hybrids, e.g. Toyota Prius and Honda
Insight and electric vehicles, e.g. Nissan Leaf and Mitsubishi iMIEV. Then the timeline is dictated by
the longest lead item which is typically the vehicle.

The analysis has been conducted at an engine platform level as opposed to looking at each vehicle
model and then the engines utilised in each model as the engine platforms are developed to be
applied across a range of models. The application of each engine platform to each of the models is
noted.

The engine platform cycle plans have been con
previous and forthcoming powertrain introduction dates found in press releases, journal articles and
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technical papers. As the cycle plans are only based on information available in the public domain
they may not 100% accurately reflect the future plans of OEMs but give an indication of the timing of
upgrades and new engine introductions.

The data used to generate the engine cycle plans is sourced strictly from public domain sources and
publications, with some entries based on official OEM statements and some based on unconfirmed
reports in the press. The inclusion of an engine/programme does not imply confirmation, by Ricardo,
that such engines or programmes exist or are correctly represented.

A number of abbreviations have been used in the following engine cycle plans and are as follows;

CR = Common Rail

DI = Direct Injection

DIUI = Direct Injection, Unit Injector

EOP = End Of Production

FSI = Volkswagen terminology for their direct injection engines

MPI = Multi Point Injection

N/K = Not Known

SOHC = Single OverHead Cam

SOP = Start Of Production

TIC = TurboCharged

TCe = Turbo Control Efficiency (Renault terminology)

TSI = Volkswagen terminology for their forced induction engines (turbocharged)
WT = Variable Valve Timing

? = Indicates estimate of information
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chart

Example Volkswagen engine build cycles.
above
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selection for gasoline and diesel. The engine platforms shown are used in many more vehicle
applications across Volkswagen, however only application in Polo, Golf and Passat has been identified.

Source: Public domain information including: Volkswagen press releases, journal articles, technical papers.

Figure 23
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Example Renault engine build cycles.
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selection for gasoline and diesel. The engine platforms shown are used in many more vehicle
applications across Renault, however only application in Clio, Megane and Laguna has been

Source: Public domain information including: Renault press releases, journal articles, technical papers.
identified.

Note: The above chart does not representa | |
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Example Ford engine build cycles.
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gasoline and diesel. The engine platforms shown are used in many more vehicle applications across

Ford, however only application in Fiesta, Focus and Mondeo has been identified.

From the engine build cycle charts it can be seen that:

Note: The above chart does not represent all of Fords engine platforms, only a restricted selection for

Source: Public domain information including: Ford press releases, journal articles, technical papers.

Figure 25
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1 Engine platforms have a long life span, typically 10 i 15 years. During this time the platform will
go through several evolutionary changes

1 There is no typical timing pattern for the introduction of new engine platforms (families) as with
vehicle platforms

1 Engine platforms form the basis for engine families , e.g. 1.2L, 1.4L and 1.6L engines from the
same engine platform and there is no typical timing pattern for the introduction of new
displacements to an engine family

1 For each displacement engine within a family there can then be different variants (e.g. a 1.4L
gasoline DI turbocharged version of the base 1.4L naturally aspirated engine, or a different
power variant of the base engine). Again there is no typical timing pattern for the introduction of
new variants or upgrades to individual engines within a family

1 In general, engines have minor upgrades/variants added fairly frequently (although these are not
indicated on the engine cycle charts), and major upgrades/variants added less frequently
occurring anywhere from 3 to 7 years

1 OEMs typically start introducing engines that have been developed/upgraded to meet
forthcoming noxious emissions legislation up to 3 years prior to the introduction date

5.6 Fit of vehicle and powertrain cycles with legislation

The following charts combine the selected vehicle model platform and engine cycles for the chosen
OEMs with forthcoming legislation dates. This will enable an assessment of the degree of fit of the
vehicle model platform and engine cycles with planned noxious emissions and CO, legislation to be
made.

The legislation reviewed includes:

Noxious emissions

Euro 5: Type Approval 1 September 2010, First Registration 1 September 2011
Euro 6: Type approval 1 September 2014, First Registration 1 September 2015

Fleet average CO,

130g/km CO,: Phase-in from 2012 7 2015
95g/km CO,: 2020
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technical papers.

Volkswagen vehicle & engine build programme.
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Source: IHS Global Insight, public domain information including: Renault press releases, journal articles,

technical papers.

Renault vehicle & engine build programme.

Figure 27
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Source: IHS Global Insight, public domain information including: Ford press releases, journal articles, technical

papers.

Ford vehicle & engine build programme.

Figure 28
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The key observations from a review of the combined cycle plans with the legislation introduction
dates are:

1 Of the nine vehicle models analysed there is one model with a planned platform change just
before the 2012 7 2015 phase-in, five during the 2012 i 2015 phase-in period and three after the
phase-in period

1 Of the nine vehicle models analysed there are three models with planned platform changes in the
2016/2017 timeframe several years before, three in the 2019/2020 timeframe which is one year
prior/on the planned 95g/km CO, target date of 2020 and three in 2021, one year after

1 There are new engine models / variants planned for launch during the 2012 i 2015 130g/km
phase-in period which are part of OEMs downsizing strategies for lower CO, (e.g. Renault 0.9L
and 1.2L TCe gasoline engines and Ford Fox 1L gasoline engine)

1 Engines capable of meeting Euro 5 have been introduced up to 3 years before the legislation
introduction date. This is likely to be in order to stagger the development to enable all engine
platforms to be upgraded to Euro 5 emissions prior to the introduction date

1 There are also indications that OEMs will be launching upgraded engines at Euro 5 emissions
levels but capable of meeting Euro 6 in anticipation of the Euro 6 introduction date of 2015

There is a relatively good degree of fit between the engine cycle plans and the planned introduction
dates for noxious emissions (Euro 5 and Euro 6) for the OEMs and engine platforms analysed in this
study.

There is no distinct pattern/fit between the engine cycle plans and vehicle model platform changes
compared to the CO, legislation introduction dates but there are some model platform changes and
planned introductions of new engines in the 2012 i 2015 timeframe and some planned vehicle
platform changes in the 2016 i 2020 timeframe (public domain data not available to comment on
engine platform upgrades / introductions in this timeframe) which will contribute to the planned 2020
target of 95g/km for the OEMSs, vehicle models and engine platforms analysed in this study.

Five out of the nine models reviewed will have platform changes during the 130g/km CO, 2012 i
2015 phase-in period and six of the nine models have planned platform changes in the 2016 i 2020
timeframe contributing to the planned 95g/km target in 2020.

5.7 Conclusions

The product development process can vary from 18 months to up to 5 years depending on whether
an OEM is applying an existing technology to a new application or developing and implementing a
new technology.

The key factors which affect the lead times in the product development process are the level of
change required (e.g. clean sheet design vs. major upgrade vs. minor upgrade) and collaboration,
platform sharing, joint ventures and trading.

OEMs will plan cycles of vehicle and powertrain development which indicate when vehicle models /
engines will be upgraded/refreshed/replaced etc. These plans usually span up to 10 years but will be
more detailed for the first 5 years in terms of capital investment and resourcing requirements.

The key factors which affect cycle plans are: budget, resource and economic constraints.
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For the OEMSs, selected vehicle models and engine platforms analysed in this study:

1 On average vehicle models have a platform change every 6 i 8 years and are refreshed with a
face-lift between 2-4 years after a platform change

1 Engine platforms have a long lifespan, typically 10 i 15 years but during that time will have minor
or major upgrades and additional variants added. There is no typical timing pattern for the
introduction of new variants or upgrades (it is dependent on the OEM and engine platform) but in
general minor upgrades/variants to engine platforms are added fairly frequently (e.g. higher
power variant) and major upgrades/variants added less frequently occurring anywhere from 3 to
7 years (e.g. a turbocharged variant of a naturally aspirated gasoline engine)

1 Vehicle platform changes / facelifts and engine variants / upgrades are staggered so that
changes to all vehicle models or all engine platforms are not all made within the same year

1 There is a relatively good degree of fit between the engine cycle plans and the planned
introduction dates for noxious emissions (Euro 5 and Euro 6)

1 There is no distinct pattern/fit between the engine cycle plans and vehicle model platform
changes compared to the CO, legislation introduction dates but there are some model platform
changes and planned introductions of new engines in the 2012 7 2015 timeframe and some
planned vehicle platform changes in the 2016 i 2020 timeframe (public domain data not
available to comment on engine platform upgrades / introductions in this timeframe) which will
contribute to the planned 2020 target of 95g/km for the OEMSs, vehicle models and engine
platforms analysed in this study.

The analysis above indicates t hat weahimedtdmeettplarmedr sdé dev
introduction dates of noxious emissions but currently less aligned to the planned 95 g/km CO, target
in 2020

1 OEM cycle plans typically span up to 10 years, which means that detailed plans (in terms of
budget and resource requirements) for the next 5 years to 2015 and basic plans up to 2020 are
likely to already be in place

1 The length of the product development cycle (up to 5 years in some cases) and the fact that
OEMs may already have basic vehicle and engine cycle plans in place from 2015 up to 2020,
highlights a potential need for 95 g/km CO, legislation to be finalised as early as possible and as
a minimum 5 years before its implementation date. This will provide certainty for OEMs and
enable them sufficient time to consider it in their vehicle and engine cycle plans whilst they are
not heavily detailed and the product development processes are not yet underwale.

18 Although an actual analysis was not in the scope of this task, it should be noted that an OEM may not have to apply the same level of
technology or indeed make changes to all of their vehicle models. OEMs may choose to apply more advanced technology to some models to
achieve CO, emissions that are significantly below the CO, levels required for 130 or 95 g/km (e.g. current eco-models with circa 90 g/km
CO,). These models may be able to provide some compensation for others that can not be updated prior to implementation dates of the CO,
legislation.
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6 Dat abase consolidati on

6.1 Introduction

For the purpose of proving input data to various analyses on the suitability of utility parameters, the
definition of limit functions and the costs for meeting the target a 2009 passenger car sales database
has been acquired from POLK. Due to budget restraints data were bought only for five large
European countries in terms of new vehicle market (France, Germany, Italy, Spain, UK) and two
smaller countries (Poland, Romania). Analysis have shown that this sample is sufficiently
representative for the characteristics of the EU market as a whole. This chapter describes some of
the actions taken to consolidate the POLK data for further use in the study.

6.2 Light p assenger cars

Passenger cars are defined within the Type Approval

designed and constructed for the carriage of passengers and comprising no more than eight seats in
addition to the dri v &hednext categary df M[véhitlese the M2 Icategoty]
introduces a weight related criteria®® and therefore M1 vehicles can not weigh more than 5 t
(maximum mass). In addition the following vehicles are not considered to be a vehicle of category
M1: Multipurpose vehicles if they meet both of the following conditions:

At he number of seating positions, excluding the

Pi (M+Nx68)>N x 68
where:

P = technically permissible maximum laden mass in kg,
M = mass in running order in kg,

N = number of seating positions excluding the

Therefore the database submitted by Polk has been analysed according to this definition in order to
check its data consistency and identify erroneous data. As a result of this analysis the database was
reduced by 51318 vehicles and 7891 datasets due to inconsistent data.

In detail the following data was excluded from the passenger cars database:

Table 49 Excluded date from the passenger cars database.

Target values/columns Reason for deletion

All values containing a zero in column A 1/ 2 ( No sales were realised for those vehicles in
12/ 200906 (number of s al|?2009.

manufacturers Aixam, Mega and Microcar Those manufacturers do not belong to the M1
category but are producing quadricycles20

Body group Trucks This body group does not belong to the vehicle
category of M1 but rather to the N-category*

Number of seats > 9 i M1 Definition (see alf

¥ vehicles designed and constructed for the carriage of paseateandger s,

having a maximum mass not exceeding 5 tonnes [Annex Il A 1 Directive 2007/46/EC].

2 According to DIRECTIVE 2002/24/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 18 March 2002 relating to the type-
approval of two or three-wheel motor vehicles and repealing Council Directive 92/61/EEC resp. Proposal for a EUROPEAN PARLIAMENT
AND COUNCIL REGULATION Regulation (EU) No .../2010 of the European Parliament and of the Council on the approval and market
surveillance of two- or three-wheel vehicles and quadricycles, COM(2010) 542 final.

2L category N: Motor vehicles with at least four wheels designed and constructed for the carriage of goods.Annex Il A 2 Directive 2007/46/EC.
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Number of seats is 2 or 3 AND the body group is | Except for Pick-ups, all of these cars are

defined as Car utility, Hatchback®’, Off road
vehicles, Pick-up, Van, Mono Space.

designed to carry a larger number of passengers
than 2 or 3%. If they can only carry such a limited

amount of passengers they are rather
constructed for carrying goods (N-category) than
passengers (M-category). The latter statement
does also apply for Pick-ups.

In order to relate the Polk database to another source of data, the respective data of the European
Central Database (CDB) for CO, monitoring according to Decision 1753/2000/EC was used for
further analysis. Following table shows that, although the data differences for some Member States
are quite large, the CO, values are fairly close on a Member States level and for the sum of the six
Member States.

Table 50 Data differences European Central Database (CDB) and Polk database.

Absolute Differences Data Differences (%)

(CDB minus Polk data) (CDB=100%)

Registrations | Average CO Registrations

Country having C@value [g/km] having C@value Average C®
France -3 533 -0.81 -0.16 -0.61
Germany -11 218 -1.68 -0.30 -1.09
Italy 42 481 -5.36 1.97 -3.93
Poland -87 521 0.51 -39.88 0.34
Romania 5294 0.78 4.59 0.49
Spain -121 848 -3.09 -14.71 -2.18
UK -32 678 -0.74 -1.68 -0.49
Sum -209 023 -2.13 -1.85 -1.47

Ideally the criteria for multi-purpose vehicles which are not M1 should have applied onto the
database and those vehicles should also have been removed. This was not possible due to the tight
schedule and the fact that the database was awaited by the whole consortium. Nevertheless the
assessment has been done afterwards resulting in 11.272 vehicles which are according to above
definition not M1 but still part of the database. The effect of the data is estimated to be low as those
vehicles represent only 0.1% of all registrations within the Polk data.

6.3 Light commercial vehicles

Light commercial vehicles are defined within the Type Approval Directive 2007/46/EC as N1, namely
AVehicles designed and constructed for the natarri age
exceeding 3.5 tonnesodo [Annex |11 A2]. I n addition a v
category if it meets both of the following conditions:

(@ the number of seating positions. excluding the driver is hot more than 6 and
(i) Pi(M+Nx68) O N I
In a first step IHS increased the completeness of data for certain parameters. For the following
parameters a certain amount of error values and missing values could be identified. Due to the data
treatment step of IHS, the number of those error values could be reduced significantly - the

percentages in the table below indicate the number of registrations which could be associated with
data for the respective parameter after the treatment.

68A [ Annex |l C.3 Directive 2007/ 4

2 Except Smart ForTwo.

% vehicles with less seats like sports cars are part of the body group coupé, convertibles or similar. They are not affected by this data
treatment step. Other vehicles being summoned under theses body groups with such a number of seats include numerous Mercedes
Vito/Sprinter and VW Crafter. Deleted Monospace are only ~ 40 vehicles and Hatchback ~900. Those are very likely M1, but have the wrong
number of seats indicated. Their impact on the overall data set is low.
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Table 51 Reduced error values.
Variable Reduction of error

values in %

Fuel cons urban 16.63
Fuel cons extra urban 16.57
Fuel cons combined 11.62
Carbon emission 11.50
Kerbweight 3.24
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In a second step the database submitted by Polk has been analysed according to this definition in
order to check its data consistency and identify erroneous data. As a result of this analysis the
database was reduced by 176.350 vehicles and 6612 datasets due to actual or potential inconsistent

data®*,
In detail, the following data was extracted from the passenger cars database:
Table 52 Extracted date from the passenger cars database.
Data Target values/columns Reason for deletion
change
no.
1 All values containing a zero in column | No sales were realised for those vehicles in
Al/ 202D/920090 ( numb e | 2009.
2 manufacturers Aixam, Mega, Microcar, | Those manufacturers do not produce N1
John Deere, Porsche, Microcar, BMW, | vehicles
Alfa  Romeo, Audi, Infiniti Jaguar,
Daimler, Lancia, Lexus
3 Number of seats 1,7, 8, 9, 12, 14, 15 Light commercial cars would not have the
space to accommodate such a large number
of passengers and concur with their primary
function to carry goods. Ther ef or e
addition vehicles having only one seat are
uncommon.
4 Maximum mass > 3500kg i N1 Definition (see
5 Number of seats is 6 AND the number of | The only N1 vehicles which could have six
doors is 2. seats and still have enough room so that their
primary use is not compromised are Pick-
ups. but they would have four doors and not
only two. Therefore these vehicles are
unlikely N1.
6 Body type: Bus (Van Derived), City van, | I N1 Definition (see
Combi Van, M P V Panel Van,
Other/Unspec,Van Type, Panel Van
Double Cabin, Pick-Up Van, Pick-Up
Van Double Cabin, Recreational Van,
Rigid Van, Tipper Van, Tractor Van AND
Pi(M + N I 68) O N

% In total three data assessment have been submitted to TNO for the light commercial vehicles database. One assessment extracted only data
which resulted in data change no.1-5, another including also data change no. 6 and the last included all of the above but changed the scope
of no. 6 from van body type to all body types. These assessment were don in order to see the effect onto the data which varied with the
scope of data.
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7 Assessment of footprint a

7.1 Analysis of US legislation and relevance  to EU context
7.1.1 Analysis of legislation in the United States

The US standards defnefoot pri nt as a vehiclebds wheel imatkee mul t i
words, the area enclosed by the points at which the wheels meet the ground. By opting for footprint-

based standards NHTSA stated: By u-basadguetriceMerel e f oot
facilitating the use of promising lightweight materials that, although perhaps not cost-effective in

mass production today, may ultimately achieve wider use in the fleet, become less expensive, and

enhance both vehicle safety and fuel economy.*o

The main reasoning behind these standards was to provide an inducement to make more efficient
vehicles, while by linking the standards to a vehicle attribute it allowed for the US vehicle fleet to
remain diverse in terms of vehicle size, body-style and functionality%. Under these footprint-based
standards, each vehicle manufacturer will have a GHG and CAFE target unique to their fleet,
depending on the footprints of the vehicle models produced by that manufacturer. A manufacturer will
also have separate footprint-based standards for cars and for light trucks. In general larger vehicles
(i.e., vehicles with larger footprints) will be subject to less stringent standards (i.e., higher CO,
grams/mile standards and lower CAFE standards) than smaller vehicles.

The standard to which the vehicle manufacturer must comply will be based on its final model year
production figures. A vehicl eaverageremi$sors atihe end 6fthe c al cul a
model year will thus be based on the production-weighted average emissions of each model in its

fleet. The NHTSA aim was to maximize the range of potential strategies available to automakers in

deploying more efficient vehicles, while linking efficiency requirements to characteristics that best

reflect the range of vehicle features & passenger capacity, cargo capability, etc.0 a vehicle is
designed for. The reasoning being t hdassinarsases,theact i onal
emissions or fuel economy requirements decrease, with the ultimate goal to improve vehicle fleet

efficiency without compromising the vehicle functionality demanded by the US consumers®’.

AVvehicle weight and 6shadowbd (ie pan area) had al so
to base the standards, but there were concerns that they could more easily be tailored (ie gamed)

with the objective of achieving a less stringent target and they were therefore discounted in favour of
footprint. The |l atter is argued to be more integral
platform (which is typically used for a multi-year model lifecycle), and cannot therefore easily be

altered between model years.

Note that the footprint approach also received support in a March 2004 meta-study by Dynamic
Research Inc (DRI)28 which analysed a number of previous studies into the effects of vehicle weight
and size on accident fatality risk. All the studies reviewed used data on crashes for both light trucks
and passenger cars. The study concluded that reducing wheelbase and track width (ie footprint)
generally increased the number of fatalities, whereas reducing vehicle weight tends to decrease the
number of ®fatalities. o

Fergusson et al (2008) also found that although At he
as regards average vehicle size, fleet composition and driving conditions; but to the extent that they
are applicable in Europe, these findings on safety would be a significant further argument against a
utility parameter that could encourage greater weight rather than footprint. Thus if the EU were to
shift at the earliest available date, there would be a uniform basis for establishing CO,/fuel economy

% NHTSA.

% http://www.hybridcars.com/incentives-laws/cafe-footprint-formula-explained.html

% NHTSA & http://www.hybridcars.com/incentives-laws/cafe-footprint-formula-explained.html

% A Review of the Resullts in the 1997 Kahane, 2002 DRI, 2003 DRI, and 2003 Kahane Reports on the Effects of Passenger Car and Light
Truck Weight and Size on Fatality Risk (DRI-TR-04-02), R. M. Van Auken and J. W. Zellner, March 2004.

Y Fergusson, M., Smokers, Passier, G, Snoeren M., FOOTPRINT AS UTILITY PARAMETER A TECHNICAL ASSESSMENT OF THE
POSSIBILITY OF USING FOOTPRINT AS THE UTILITY PARAMETER FOR REGULATING PASSENGER CAR CO, EMISSIONS IN THE
EU, July 2, 2008, not published.
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requirements for models sold on both sides of
and similar regulatory pressures on both.o

7.1.2 Comparison between US and EU situation
Developments in the United States

The Corporate Average Fuel Economy (CAFE) mandate was first established in 1975 and until April
2010 had changed little. On 1% April 2010 the Environmental Protection Agency (EPA)30 and National
Highway Traffic Safety Administration (NHTSA) finally issued a joint Final Rule to establish a
National Program consisting of new standards for light-duty vehicles, which is intended to reduce
greenhouse gas emissions and improve fuel economy.

The National Program would be introduced beginning in 2012, with the method for calculating
individual manufacturer requirements determined by NHTSA and EPA via a system based on
"vehicle footprint”, one that basically measures the area within the points where the vehicle's wheels
touch the ground. "Under a footprint-based standard, each manufacturer would have a greenhouse
gas (GHG) and CAFE standard unique to its fleet, with a separate standard for passenger cars and
light-trucks, depending on the footprints of the vehicle models produced by that manufacturer”, the
EPA and the Department of Transportation (DOT) said in a joint statement. "Generally,
manufacturers of larger vehicles (i.e. vehicles with larger footprints) would face less stringent
standards (i.e., higher CO, grams/mile standards and lower CAFE standards) than manufacturers of
smaller vehicles."

Details

1 Joint rule between the EPA and NHTSA. EPA is establishing GHG emissions standards and

NHTSA is establishing Corporate Average Fuel Economy (CAFE) standards

1 EPA: Standards will require vehicles to meet an estimated combined average emissions level of

250 grams/mile (155 grams/km) of CO, in model year 2016

1 NHTSA: Standards will require manufacturers of those vehicles to meet an estimated combined

average fuel economy level of 34.1 mpg in model year 2016

o Covers passenger cars, light-duty trucks, and medium-duty passenger vehicles built in model
years 2012 through 2016.

o The overall fleet fuel mileage requirement will be an average between both passenger cars
and light trucks, and NHTSA is predicting that the 2012 numbers will be 33.3 for cars and
25.4 for trucks in 2012, rising to 37.8 for cars and 28.8 for trucks by 2016.

o0 Estimated to result in approximately 960 million metric tons of total carbon dioxide equivalent
emissions reductions and approximately 1.8 billion barrels of oil savings over the lifetime of
vehicles sold in model years 2012 through 2016.

o Estimated average cost increase for a model year 2016 vehicle due to the National Program
is expected to be less than $1,000

o NHTSA and EPA6s standards are expressed as
footprint

T Determined by multiplying the vehicleds whee

0 The standards that must be met by each manufacturer's fleet will be determined by
computing the sales-weighted average (harmonic average for CAFE) of the targets
applicable to each of the manufacturerés p

Developments in the European Union

From 2000 to 2009 Commission Decision 1753/2000/EC*" was in force which established a scheme
to monitor the average specific emissions of CO, from new passenger cars. The target values for the
reduction on the CO, emission of passenger cars* came from voluntary agreements between the
three manufacture association ACEA, JAMA and KAMA. They agreed to reduce their fleet emissions
until 2008%/2009* to an average of 140 gCOy/km.

% The overall tailpipe emissions of US vehicles are regulated by the NHTSA and the EPA. The EPA set standards for pollutants like NOX,

SOX, particulates and carbon dioxide, while NHTSA looks after CAFE fuel-economy regulations. The EPA, however, is the rule enforcer for

both sets of regulations and sets fines if vehicle manufacturers fail to meet the target.
% DECISION No 1753/2000/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 22 June 2000 establishing a scheme to
monitor the average specific emissions of CO, from new passenger cars, Official Journal of the European Communities L 202/1, 10.8.2000.
- New M1 vehicles (except special pupose vehicles) being registered in the EU for the first time.

ACEA.

32
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In 2007 the Commission's review of the overall community strategy to reduce CO, emissions from
passenger cars and light-c o mmer ci all vehicles Aconcluded that the
succeededii and that Athe Commission consi de®s neces:
result of these findings and considerations was among others the elaboration of Regulation (EC) No

443/2009%. This Regulation sets emission performance standards for new passenger cars as part of

the Communityods i ntegr ateetissions pronolight-duty vebicles. &at lighte CO
commercial vehicles (N1 category) the Commissions proposal®’ is currently awaiting its first reading

in the European Parliament®® which is considered only to be a formal approval of the an agreement

between the European Parliament, the Council and the European Commission®’. The current corner

stones of the N1-proposal agreed by the European Parliament and the Council cover inter alia a

reduction target of an average specific CO, values of 175 g/km in 2017 and of 147 g/km in 2020.

Details of Regulation (EC) 443/2009

In contrary to the US, the EU defines the utility based on the parameter mass in running order* by
defining fAa | i mi,émissians aleesveddan mew eehides ac&@ing to the mass of the
vehicle. The curve is set in such a way that a fleet average of 130 grams of CO, per kilometre is
achieved.. Nevertheless data on alternative utility par
wheelbase) are being collected in order to facilitate longer-term evaluations of the utility-based
approach. The Commission will by 2014, review the availability of data for an alternative utility
parameter and might submit a proposal to the European Parliament and to the Council to adapt the

utility parameter™].

Currently mass is used pmovideaa cortelation witly pregeatremissiertsand a s i
therefore results in more realistic and competitd.i
In addition mass values are readily available on European level due to the former Decision
1753/2000/EC*.

<!—P
@

According to Annex | of the Regulation the basic formula for the calculation of the specific emissions
targets is:

CO,=130+ax (Mi Mo)

Where:
M = mass (in running order) of the vehicle in kilograms (kg)
Mo =1 372,0 kg
a = 0,0457

i A ma n u frausttensuresthat by 2012 measured fleet average emissions are below the limit
value curve, when all vehicles manufactured and registered in a given year by the manufacturer in
guestion are taken into account. This means that the level of emissions by heavier cars will have to
be improved proportionately more than lighter cars compared to today. Manufacturers will still be
able to make cars with emissions above the limit value curve provided these are balanced by cars
which are below the curve as long as the fleet average remains at 130 grams. Manufacturers'

¥ JAMA and KAMA.

% COMMUNICATION FROM THE COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT Results of the review of the
Community Strategy to reduce CO, emissions from passenger cars and light-commercial vehicles, Brussels, 7.2.2007, COM(2007) 19 final.

% REGULATION (EC) No 443/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 setting emission

performance standards for new passenger cars as po@missiomsfromtlighedutC o mmuni t yds i

vehicles, Official Journal of the European Union L 140/1 5.6.2009.

Reduction of CO, emissions from light-duty vehicles: emission performance standards for new light commercial vehicles, Brussels,

28.10.2009, COM(2009) 593 final, 2009/0173 (COD).

The legislative observatory (Oeil) as of 21.12.2009.

IP/10/1728, Brussels, 15 December 2010, Connie Hedegaard, Commissioner for Climate Action, welcomes agreement to cut emissions from

vans.

ibidem.

Kerbweight plus 75 kg.

IP/07/1965, Brussels, 19 December 2007, Commission proposal to limit the CO, emissions from cars to help fight climate change, reduce

fuel costs and increase European competitiveness.

43 Regulation (EC) 443/2009, Preamble no 12.

** Regulation (EC) 443/2009, Preamble no 12.
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progrags will be monitored each year by the Member States on the basis of new car registration
dat™a. o

AfEach calendar year from 2012 onwards for which a m
CO, exceed its specific emissions target in that year, the Commission will impose an excess
emissions premium on the manufacturer or, in the case of a pool, the pool manager. From 2012 until
2018, EUR 5 per newly registered car must be paid for the first gram above the objective. For the
second gram of exceedance EUR 15 is due and EUR 25 for the third gram. For emissions of more
than 3 grams over the limit, EUR 95 is charged per newly registered vehicle. From 2019, the penalty
will be EUR 95 per new car for every gram above the target. The amounts of the excess emissions
premium wil | be considered as rev®nue for the gener a

7.1.3 Program Flexibility

The US program®’ and the EU legislation offer different levels of flexibility via means of credits, which
is expected to provide sufficient lead time for manufacturers to make necessary technological
improvements and reduce the overall cost of the program, without compromising overall
environmental and fuel economy obijectives, including:

Flex-fuel/Alternative Fuel Vehicle Credits

1 US: Flex-fuel and Alternative Fuel Vehicle Credits i EPA is allowing Flex Fuel Vehicle or FFV
credits in line with limits established under the Energy Independence and Security Act of 2007
during model years 2012 to 2015. After model year 2015, EPA will determine alternative fuel
vehicle emission values based on a vehiclebds act u:
well as on the alternative fuel and a demonstration of actual alternative fuel use. FFVs are
vehicles that can run both on an alternative fuel and conventional fuel. Most US FFVs are E-85
capable vehicles, which can run on either gasoline or a mixture of up to 85 percent ethanol and
15 percent gasoline. Dedicated alternative fuel vehicles are vehicles that run exclusively on an
alternative fuel.

1 EU: Flex fuels, biofuelsand E857 I n Regul ation (EC) 443/ 2009 the te
as wellfasl Aivebkcl esduahdvehielteadi menti oned i n Ar
Il refer only to vehicles designed to run on a mixture of petrol with 85 % ethanol ("E85")48. For
those vehicl es, Article 6 of Regul ation (EC) 4431 ¢
CO, of each vehicle designed to be capable of running on a mixture of petrol with 85 % ethanol
(6E850) [ é] shall be reduced b yecodhitiodsof the gréeater 31 Dec
technol ogi cal and emissions reduction capability w
shall apply only where at least 30 % of the filling stations in the Member State in which the
vehicle is registered provide this type of alternative fuel complying with the sustainability criteria

for biofuels set out in relevant Community | egisla
in Directive 2009/28/EC which regulates imwer alia
materi al obtained from | and with high biodiversity

only Sweden will receive this Biofuel discount.
Optional Temporary Lead-time Allowance and Derogations

1 US: Optional Temporary Lead-time Allowance Alternative Standards (TLAAS) -
Manufacturers with limited product lines that have traditionally paid fines to NHTSA in lieu of
meeting CAFE standards may find it especially challenging to comply with the greenhouse gas
emission standards. Under the Clean Air Act, manufacturers of light duty motor vehicles cannot
pay fines in lieu of complying with motor vehicle emissions standards. However, EPA is finalizing
an optional, temporary alternative standards provision, which is less stringent, to provide these
manufacturers sufficient lead time to meet the tougher model year 2016 greenhouse gas
standards, while preserving consumer choice of vehicles during this time.

% |P/07/1965, Brussels, 19 December 2007, Commission proposal to limit the CO, emissions from cars to help fight climate change, reduce

fuel costs and increase European competitiveness.
http://www.europarl.europa.eu/oeil/resume.jsp?id=5582632&eventld=1077812&backToCaller=NO&language=en
4" EPA-420-F-10-014, April 2010.
“ This is clear since recital 15 (AThe us ereduttionsie well-toiwneel getms. dhisrRagulatore f uel s can
therefore incorporates specific provisions aimed at promoting further deployment of certain alternative-fuel vehicles in the Community
mar ket o) and Article 6 (fASpediufeilc verii <d spaaificpllyttodkBbg@uidaatemocunsent onghenat i v e
monitoring and reporting of CO, emissions from passenger cars as of 25.01.2010 (not publicly available).

46
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0 There are two different groups of manufacturers to which this temporary standard applies.
Manufacturers that produce between 50,000 and 400,000 model year 2009 vehicles in the
U.S. would be allowed to establish a separate averaging fleet comprising on average 25,000
vehicles per year (and no more than 100,000 total vehicles during this four year period). This
separate, limited vehicle fleet would be subject to a less stringent greenhouse gas standard
of 125 percent of the v e h-drinttagdideveb The sepavaiedle=t app !l i c
could not generate credits for use by the remainder ofthe manuf acturer s fl eet
their more limited product lines and higher baseline CO, emissions compared with other
TLAAS manufacturers, manufacturers producing less than 50,000 model year 2009 vehicles
in the U.S. would be allowed to place up to 200,000 vehicles in the TLAAS program between
model years 2012-2015 and an additional 50,000 vehicles in model year 2016. The
manufacturers would need to demonstrate that they have attempted to purchase credits from
other manufacturers in order to comply with the base TLAAS program, but that sufficient
credits were not available.

0 Manufacturers selling fewer than 5,000 vehicles in the U.S. will be deferred from this
rulemaking. These manufacturers have extremely limited vehicle product lines across which
to average, have typically paid fines under the CAFE program due to the very high CO,
emissions of their vehicles, and need additional lead time to bring their vehicles into
compliance with the GHG standards. EPA plans to set CO, standards for these smallest
manufacturers through a separate rulemaking to be completed over the next 18 months. EPA
estimates that small volume manufacturers comprise less than 0.1 percent of the total light-
duty vehicle sales in the U.S., thus the deferment will have a very small impact on the GHG
emission reductions from this rule.

0 In model year 2016 (or 2017 for manufacturers below 50,000 vehicle sales), the TLAAS
option ends, and all manufacturers, regardless of size, must comply with the same CO,
standards, while under the CAFE program companies would continue to be allowed to pay
civil penalties in lieu of complying with the CAFE standards. However, because companies
must meet both the CAFE standards and the EPA CO, standards, the national program in
effect means that companies will not have the civil penalty option, thereby resulting in more
fuel savings and CO, reductions than would be the case under the CAFE program alone.

i EU: Derogations i Regul at i on (EC) 443/ 20009 mentions i n it
appropriate to use the same method to determine the emissions reduction targets for large-
volume manufacturers as for small-volume manufacturers considered as independent on the
basis of the criteria set out in this Regulation. Such small-volume manufacturers should have
alternative emissions reduction targets relating to the technological potential of a given
manuf acturer o6s vehicl es to r e dy angl cohskstent with shpeci f i ¢
characteristics of the market segments concerned [.

o An application for derogation from the specific emissions target may be made by a
manufacturer which is responsible for fewer than 10 000 new passenger cars registered in
the Community per calendar year for a maximum period of five calendar years. For those

manufacturers inte r alia Aa specific emissions target con
including the economic and technological potential to reduce its specific emissions of CO,

[..]A has to be proposed to the Commi st8cledln and wi
(2,3)].

o An application for a derogation from the specific emissions target calculated in accordance
with Annex | may also be made by manufacturers responsible*’, for between 10 000 and
300 000 new passenger cars registered in the Community per calendar year. Those
manufacturers should set themselves Aa target wh
specific emissions of CO, in 2007 or, where a single application is made in respect of a

number of connected undertakings, a 25 % reducti
average specific emissions of CO,i n 2007d [ Article 11(4)b]. Thi s
by the Commission if the criteria for derogation respective paragraph have been met [Article

11 (4)].

49" Together with all of its connected undertakings.
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Innovative/Advances Technology Credits and Eco-Innovation

1 US: Advanced Technology Credits - EPA is finalizing a temporary incentive program to
encourage the early commercialization of advanced greenhouse gas/fuel economy control
technologies, such as electric vehicles, plug-in hybrid electric vehicles, and fuel cell vehicles. In
this program, manufacturers who produce advanced technology vehicles will be able to assign a
zero gram per mile CO, emissions value to the first 200,000 vehicles sold in model years 2012-
2016 (for PHEVs, the zero gram per mile value applies only to the percentage of miles driven on
grid electricity), or 300,000 vehicles for manufacturers that sell 25,000 vehicles or more in model
year 2012. The CO, emissions compliance levels for advanced technology vehicles sold beyond
these cumulative vehicle production caps will account for the net increase in upstream CO,
emissions relative to a comparable gasoline vehicle. EPA will reassess the issue of how to
address advanced technology vehicle emissions in future rulemakings for MY2017 and beyond,
based on the status of their commercialization, upstream GHG control programs, and other
factors.

1 US: Off-Cycle Innovative Technology Credits - EPA is finalizing a credit opportunity for new
and innovative technologies that reduce vehicle CO, emissions, but whose CO, reduction
benefits are not captured over the 2-cycle test procedure used to determine compliance with the
fleet average stwobaojds ElIigibl d&offAnovative techno
used in one or more current vehicle models, but that are not yet in widespread use in the light-
duty fleet. Furthermore, any credits for these off-cycle technologies must be based on real-world
greenhouse gas emission reductions not captured on the current 2-cycle tests and verified by
test methods that represent average U.S. driving conditions.

1 EU: Eco-innovation - Upon application by a supplier or a manufacturer, CO, savings achieved
through the use of innovative technologies will be considered. The total contribution of those
technologies to reducing the specific emissions target of a manufacturer may be up to 7 g
CO,/km. The Commission will finalise guidelines describing the Eco-innovations systematic bal
February 2011 so that they will be adopted by the Commission in Summer 2011 [Lindvall 2010]5 :

Early Credits and Super-credits

I US1 Early Credits - EPA is finalizing a program to allow manufacturers to generate early credits
in model years 2009-2011. Credits may be generated through early additional fleet average CO,
reductions, early A/C system improvements, early advanced technology vehicle credits, and
early off-cycle credits. As with other credits, early credits are subject to a five year carry-forward
limit based on the model year in which they are generated. Manufacturers may transfer early
credits between vehicle categories (e.g., between the car and truck fleet). With the exception of
model year 2009 early program credits, a manufacturer may trade other early credits to other
manufacturers without limits. CAFE credits earned in model years prior to model year 2011 will
still be available to manufacturers for use in the CAFE program in accordance with applicable
regulations.

1 EU- Super-credits i Regulation (EC) 443/2009 foresees the application of super credits also to
allow manufacturers to generate early credits but only being based on the CO, emission of
vehicles. In detail those passenger vehicles with specific emissions of CO, of less than 50 g
CO,/km are being counted more than once. In 2012 and 2010 they shall be counted as 3.5 cars,
in 2014 as 2.5 cars, in 2015 as 1.5 cars. After that they will be only counted as one car.

Phase-in

1 EU - The specific emissions targets must be met by all manufacturers from 2012 onwards.
Al 't hough between 2010 and 2015 the manuf,aacet urer 6s
being based on certain percentage of their fleet (65 % in 2012, 75 % in 2013 and 80 % in 2014).
From 2015 onwards the average specific emissions will be based on the whole fleet.

%0 Presentation of S. Lindvall, DG Climate Action in WG 4, 3.12.2010.
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7.1.4 Average Required Fuel Economy and Projected Fleet-Wide Emissions
United States

The figure below illustrates the passenger car CAFE standard curves for model years 2012 through
2016, as well as the light truck standard curves for model years 2012-2016. As illustrated below,
each parameter changes on an annual basis, resulting in the yearly increases in stringency.

fgure1 - CO, (g/mi) Car Standard Curves Figure2 - CO2 (g/mi) Truck Standard Curves
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Source: National Highway Traffic Safety Administration 40 CFR Parts 85, 86, and 600; 49 CFR Parts 531, 533,
536, et al. Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy
Standards; Final Rule.

Figure 29 CAFE Standard Curves.

The US standards, as set by NTHSA, will require vehicle manufacturers to meet an estimated
combined average fuel economy level of 34.1 mpg by model year 2016, or 6.9 L/100km in a
European equivalent as illustrated in the table below.

Table 53 Average required fuel economy (L/100km under Final CAFE standards.

2011-base 2012 2013 2014 2015 2016
Passenger Cars 7,84 7,13 6,92 6,92 6,53 6,36
Light Trucks 9,8 9,41 9,05 8.84 8,55 8,17
Combined Cars & Trucks 8,71 8,11 7.71 7.52 7.22 6.9

These standards cover both passenger cars and light-duty trucks built in model years 2012 through
2016. The overall fleet fuel mileage requirement will be an average between both passenger cars
and light trucks, and NHTSA is forecasting that the 2012 numbers will be 33.3 mpg (or 7.13 I/km) for
cars and 25.4 mpg (or 9.41 I/km) for trucks in 2012, rising to 37.8 mpg (6.36 I/km) for cars and 28.8
mpg (8.17 I/km) for trucks by 2016.

The US fleet-wide emissions standards, as set by the EPA, will require vehicles to meet an estimated
combined average emissions level of 250 grams/mile of CO, in model year 2016, or an equivalent of
155 g/km of CO,, as illustrated in the table below.
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Table 54 Projected Fleet-Wide Emissions Compliance Levels under the Footprint-Based CO, Standards
(g/km)°*.
2012 2013 2014 2015 2016
Passenger Cars 163 159 153 147 140
Light Trucks 215 209 202 194 185
Combined Cars & Trucks 183 178 171 163 155

The average required fuel economy and emissions standards for the US are estimated to result in
approximately 960 million metric tons of total carbon dioxide equivalent emissions reductions and an
approximate 1.8 billion barrels of oil savings over the lifetime of vehicles sold in model years 2012
through 2016.

How the major automotive manufactures compare to these standards is illustrated by Figure 30 and
Figure 31, which review the so-called distance to target in terms of MPG fuel economy requirements
between 2009 and the 2016 targets for the major vehicle brands operating in the US market.
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Figure 30 Passenger Car 2009 MPG performance compared to target®.

1 EPA standards.
2 |HS Global Insight.
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Figure 31

Light Truck 2009 MPG performance compared to target™.

While clearly indicating that much work remains to be done by the majority of vehicle manufacturers,
the illustrations also show that each OEM has individual targets based upon their vehicle size mix
and sales volumes. For the passenger car fleet the current average stands at 38.0mpg compared to
28.3mpg for the light truck fleet. Overall average increases of 4.3% per year will be required to meet

the 2016 standards.

The impact upon different vehicle types, as illustrated by the figure below, suggests that full-size cars
(equivalent to European D/E segment vehicles) and midsize crossovers appear to get hit the hardest
by these new standards, requiring efficiency improvements of 42.6% and 33.0% respectively. In
contrast the popular full-size pickups are comparably less affected with efficiency improvements of

around 23.5%.

Model Year 2016 CO2 and Fuel Economy Targets for Various Model Year 2008 Vehicle Types

Example Model

EPA CO2 Emissions

NHTSA Fuel Economy

Typical Segment

Vehicle Type Example Models Footprint (sq. ft.) Target (g/mi) Target (mpg) Increase Needed
Example Passenger Cars
Compact car Honda Fit 40 214 414 18.3%
Midsize car Ford Fusion 46 237 37.3 28.6%
Full-size car Chrysler 300 53 270 32.8 42.6%
Example Light-duty Trucks
Small SUV 4WD Ford Escape 44 269 32.8 31.2%
Midsize crossoverr Nissan Murano 49 289 30.6 33.0%
Minivan Toyota Sienna 55 313 28.2 22.6%
Large pickup truck Chevy Silverado 67 358 24.7 23.5%

Source: EPA.

Figure 32 Examples of Targets for various vehicle types.

% |HS Global Insight.
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European Union

For M1 the average CO, value for EU 27>* is 145 g/km for reporting year 2009. For N1 vehicles the
respective CO, monitoring is not yet in place and therefore the current CO, value of the N1 fleet is
not known exactly. Studies suggest that it was 203 g/km in 2007%°. The reduction targets those
vehicles categories have to face are shown in following table.

Table 55 Reduction targets of passenger cars (M1) and light commercial vehicles (N1)-Wide Emissions
Compliance Levels under the Footprint-Based CO, Standards (g/km)56.

2012 2017 2020
Passenger Cars 130 - 95
Light Commercial vehicles - 175 147

The EU targets are more ambitious than the US targets, taking into account the strong emission
reduction realised within the EU in comparison with the US. Comparing the years 1995 to 2008, the
CO, emissions of new passengers cars in EU 15> decreased by 18% (186 g/km>® to 153 g/km>)
while the reduction in CO, emissions of new light duty vehicles in the US was only 4% (236 g/km to
227 g/km®)

On a manufacturer level the necessary reduction in CO, emission per km are shown below (as of
2006).

5 All fuels, all manufacturers.

5 Brussels, 28.10.2009, SEC(2009) 1454, COMMISSION STAFF WORKING DOCUMENT, IMPACT ASSESSMENT, Accompanying
document to the Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL Setting emission performance
standards for new light commercial vehicles as part of the Community's integrated approach to reduce CO; emissions from light-duty
vehicles.

% EPA standards.

57 petrol and diesel cars , all manufacturers.

% Source: COM(2009)713 final, REPORT FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT AND THE COUNCIL Monitoring the
CO; emissions from new passenger cars in the EU: data for the year 2008.

59 COM(2006) 463 final, COMMUNICATION FROM THE COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT
Implementing the Community Strategy to Reduce CO, Emissions from Cars: Sixth annual Communication on the effectiveness of the
strategy.

0 Source http://www.epa.gov/otag/cert/mpag/fetrends/420r10023-main-rpt-tables.xls, Unit converted from g/mi to g/km.
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Figure 33 Passenger Car 2006 CO; values compared to targetel.

Like in the US above figure shows that each OEM will receive individual targets based upon their
vehicle size mix and sales volumes.

7.2 Detailed analysis of the 2009 EU sales database in
relation to footprint

7.2.1 Methodology

The calculation in this section was based from a sample of around 53,000 technical observations of
passenger cars, which covered 7 European countries and accounted for more than 89% of total car
sales in 2009.

The footprint parameter was calculated as follows:

Footprint = wheelbase x average track width in m2.

Average track width = average of front and rear wheel track width
The least squares method was used to calculated the footprint utility curve for a simple linear
regression y = ax+ b where the dependant variable, y, is CO, emission and X, the footprint; a, the
slope of regression lines and b, the constant. This regression was weighted by the level of sales by
model in 2009.
The value of the a and b parameter for the sales weighted regression and target slopes for the

footprint based limit function for respectively targets of 130 g/km and 95 g/km are presented in Table
56.

51 Based on data from: MEMO/07/597, Brussels, 19 December 2007, Questions and answers on the proposed regulation to reduce CO,
emissions from cars. The used mass value for the limit value curve differs for this calculation from the one of Regulation (EC) 443/2009.
Therefore the indicated values can only be taken as indications for necessary reduction targets.
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Table 56 a and b values for 2009 sales weighted fit and values of limit curve function.
Sample analysis a b
Sales-weighted fit based on 2009 database 44.365 -24.6
CO, Footprint
Weighted average value of sample 146 3,85
Limit curve function a b
100% slope target for 130g/km 39,422 -21,9
100% slope target for 95g/km 28,808 -16,0
Source: IHS.
7.2.2 Footprint vs CO, emission
2009 Footprintvs CO2 s COZmodel emissions
600 ® Manufacturers Target list 2009
—100% slope target for 950
Weighted sdes regr. 2009
500 H . 100% slopetarget for 1209
E 400 l‘-'
=
W
5 300
L
:
Py 200
(3]
100 +
0
25 3 35 4 45 5 55 6 6,5
Footprint (m*)

Source: IHS Global Insight

Figure 34 Manufacturer Average Footprint and CO» from 2009.

Figure 34 shows the scatter of CO, e mi ssi ons against al/l 2009 sal

average emissions for main manufacturer groups of connected undertakings. Compared to the 2006
analysis, the scatter moves down to a more concentrated area between 3.5 to 4.5 m2 footprint and
around 100 CO, g/km to 250 CO, g/km.

Except for a few companies with highest average CO, emissions (Porsche, Mercedes and Nissan),
the company averages are spread over the 2009 sales weighted line due to the fact that the most
available models have lower CO, emissions. Fiat and Daihatsu show the smallest footprint, as
illustrated in Table 57. The figures in Annex F provide a detailed graphical overview per manufacturer

group.
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Compared to Figure 4 in the IEEP/CE/TNO 2008 study, which was based on a 2006 database with
approximated footprint data, the sales weighted regression line based on the 2009 database is much
closer to the limit function with 100% slope for the 130 g/km target, illustrating the improvement in
CO, emissions achieved between 2006 and 2009.

Table 57 Sales-weighted average CO; and Footprint by Manufacturer, ordered by decreasing sales.
Manufacturer Average CO, g/lkm Average Footprint
VW 150.8 3.9
FORD 140.6 3.9
FIAT 134.1 3.5
RENAULT 135.6 3.8
OPEL 148.8 3.9
PEUGEOT 133.4 3.8
CITROEN 137.5 3.8
BMW 151.9 4.1
TOYOTA 134.0 3.7
AUDI 163.3 4.3
MERCEDES 176.3 4.3
SKODA 149.4 3.7
NISSAN 154.5 3.9
SEAT 141.9 3.7
HYUNDAI 137.3 3.7
DACIA 157.3 3.9
KIA 145.2 3.8
PORSCHE 260.9 4.0
DAIHATSU 147.3 3.6

Source: IHS Global Insight.
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Figure 35 Sales-weighted average CO; emissions per manufacturer as function of Footprint; bubbles size
indicates 2009 total sales.

Figure 35 shows the sales-weighted CO, emissions position of manufacturers compared to the
average footprint of their models. The major manufactures are extremely concentrated around 3.7 to
4.0 m2 footprint and some of those with high-end model ranges such as Audi, Mercedes or Porsche,
are still far from the limit curve function. BMW and Fiat lie outside of the central concentration in
terms of footprint and just above the CO, limit curve function, the latter because of the quite low
average footprint. Only eight manufacturers tend to be under the weighted CO, average of this
sample which is equal to 145 g/km.

Thus, as Figure 36 illustrates, the efforts required for most manufacturers to reach the target are still
significant. More than 68% of manufacturers in the sample show a difference of more than 20 g/km of
CO, emissions to the target in average in 2009, but only 37% a difference of more than 25 g/km.
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Figure 36 Distance to target compared to Footprint-based target of 130 g/km and 95 g/km.
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In order to better appreciate the relevance of the distance to target challenge ahead, Figure 37
provides insight into the approximate distance to target based on vehicle mass. However, due to data
availability limitations, Figure 37 is restricted to a European production weighted outlook by selected
manufacturing groups, instead of a sales weighted approach. Nevertheless the comparison does
show that while the premium vehicle manufacturers overall face a relatively similar challenge as
under the footprint based approach, for the large volume vehicle manufacturers the challenge ahead
under the footprint based approach does seem more significant. Caution does have to be taken into
account, since for several vehicle manufacturers, imports of overseas manufactured vehicles are not
taken into account in this comparison, causing some distortion.
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Figure 37 Approximate distance to target compared to mass-based target of 130 g/km.

7.3 Longer term evolution of vehicle characteristics in
response to use of footprint as utility parame  ter

7.3.1 Autonomous trends

During the last few decades, the European automotive industry has seen continuous changes in
terms of vehicle requirements and characteristics. Many of these were driven by legislation and/or
market forces such as increased safety and comfort requirements. Possibly influenced by this, a
trend towards increased vehicle comfort and size has been observed since at least the early nineties
and was reflected in practically every vehicle segment, as illustrated by Figure 38°%. Note: this figure
is based upon Western European production data, but it provides a good indication of the overall
European market trend.

2 |HS Global Insight.
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Figure 38 Footprint Trend.

This figure illustrates that the average weighted footprint has increased by about 0.4m over the two
decade period of 1990-2010, and increased in every single vehicle segment i see also Figure 39%,
However, the figure also shows the tendency that the earlier identified increase started to level out
from around 2005 and is not expected to continue its growth trajectory for a variety of reasons.
Among these reasons are the increasing vehicle running costs. In fact, due to vehicle efficiency
improvements in the last few years, fuel running costs may have stabilised, but higher fuel prices of
recent times prevented an overall reduction while ownership costs such as
insurance/parking/taxation have only shown signs of increase.

On the other hand, the increased incompatibility between larger vehicle sizes and lack of physical
space in parking garages and crowded city centres is illustrated by Figure 39. Currently new garages
and parking spaces are no longer able to accommodate many vehicle sizes properly, as parking
space legislation has not been updated for almost 3 decades®. Even small sized vehicles have
grown significantly 7 e.g. the current generation Volkswagen Polo is now the same size as the
original 1974 Volkswagen Golf. This has led automotive component/technology suppliers to develop
measuring technology that can be fitted to vehicles to check if the road ahead is wide enough to
allow the vehicle to pass (mainly aimed at SUV vehicles for inner-city driving).

Figure 39 Increase in Vehicle Width of VW Golf 1974-2010.

When looking at vehicle weight developments over the last decades (see Figure 40), a similar
observation can be made. However it has to be mentioned that given the recent legislative pressure
concerning CO, targets, many manufacturers have started to review vehicle dimension/weight

% MDR Mitteldeutscher Rundfunk (18/05/10).
% MDR Mitteldeutscher Rundfunk (18/05/10).
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growth. It should still be noted that it typically takes several years before these revisions become
apparent in new vehicles due to long design and development stages inherent to the automotive
industry.

Kg
1550

1450 /
/ W
Vectra ol il g
o

1350 o Toyi
L~ ca A
P

1250 Veot

ra v
1 e R
/ Tdyota /Q/@_\m Al P
ji

1150 Sl el ol 0 -
- / 1 intaCavalier Asira ] ASt:a
¥ e M Ford MkS$

1050 Vauxhi R e T @ Focus
B o e e
g orolia L4

\

1

X
ﬁ‘w.mh g ey

Fo
W T

el ?-«nx«n “ﬁﬂw%
§ § &8 B B

MK Astrt
M

750 1

1880 |

g 3

Source: Thatcham.
Figure 40 Weight increase trend for C-segment vehicles.

Given that the automotive industry is increasingly a truly global business with stringent
economic/financial interests at heart, it is becoming too unattractive for a vehicle manufacturer to
allocate a variety of resources towards vehicle ranges aimed at regional divergence, beyond small
play with the vehicle overhangs (which are required to satisfy the different bumper impact standards
around the world). It is also noted that vehicle width is extremely hard to change on an existing
vehicle platform, while also proving to be very costly. Therefore it is deemed unlikely that regional
divergence in terms of product dimensions will proliferate further.

Effectively it has become too unattractive for a vehicle manufacturer to design and develop vehicle
platforms for a specific geographical region only, especially in an era of anticipated future regulatory
harmonization (like future emission standards). Hence this could prove to be a further deterrent
against vehicle manufacturers gaming with footprint in order to satisfy just the European
requirements.

7.3.2 Possibilities for and effect of gaming with footprint

If footprint is to be used as a utility parameter in legislation, it should be relatively difficult to game

with. Gaming in this respect means the alterationofa vehi cl eds footprint in orde

CO, target without actually improving the fuel efficiency of said vehicle. In this section, the potential
for gaming with footprint will be assessed.

The footprint of a vehicle can be increased in two ways; either by increasing the wheelbase or the
track width. Both will be assessed separately.

Increasing wheelbase

The wheelbase of a vehicle can basically be increased by increasing the overall length of the vehicle

whilst keeping the same front and rear overhang. A number of high-end luxury cars are currently
available in a Along wheelbased version. Exampl es
class and the BMW 7-ser i es. In effect, such vehicles have
b e t wetlenodiginal front and rear sections. The characteristics of these example vehicles are

shown in Table 58.
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Table 58 Extended wheelbase vehicle examples.
Audi A8 4.2 TFSI Mercedes S350 BMW 740i

normal / long

BLUEEefficiency

normal / long

normal / long

Overall length [mm]

5137 / 5267 (+130)

5096 / 5226 (+130)

5072 / 5212 (+140)

Wheelbase [mm]

2992 / 3122 (+130)

3035 / 3165 (+130)

3070/ 3210 (+140)

Kerbweight [kg] 1835/ 1885 1810/ 1875 1835/1870
Footprint [m°] 491/5,12 4,87 /5,07 5,01/5,24
Average trackwidth [mm] 1640/ 1640 1603 /1603 1631 /1631
CO, emission [g/km] 219/ 224 177 /179 232 /235
EU5+7 registrations 2009 [-]* - 7629 / 2674 7817 / 2324
Mass increase [%] 2,7 3,6 1,9
Footprint increase [%] 4,3 4,1 4,6
CO, increase [%0] 2,3 1,1 1,3
CO, increase per footprint 0,85 0,27 0,41

increase [%/%]

From this, we can see that increasing the wheelbase of a vehicle by some 4,3% (the average
wheelbase increase of the three example vehicles) increases the CO, emissions by some 1,6% on
average. The relative increase in CO, per percent increase of the wheelbase is thus around
1.6/4.3/=0.37 [%/%].

These Al ong vexsibeseatebbails aongside their standard length counterparts and the
engineering changes made to them are relatively minor compared to the option of increasing
wheelbase without increasing the overall length of the vehicle. All of these vehicles have an
increased footprint compared to their non-stretched counterparts. The additional wheelbase is used
to increase the rear legroom in all cases.

Previous work on estimating the mass and CO, i ncr ease caused by fistretchin
also concluded that a wheelbase increase of some 10% leads to a mass increase of 4 to 5% and

thus (usi n@O,tEhd®. &60 &m/ m r el ationships aiscreassadd i n [
around 3%. This is closely comparable with the 0.37 %/% conclusion from the exercise above. The

Audi A8 does show a larger than expected CO, increase. Based on just the mass increase (which

with +2.7% corresponds well with the other examples), a CO, increase of 0.65*2.7=1.8% or just

below 4 grams was expected. The true CO, increase is 5 grams, which means the difference could

easily be explained by rounding differences in the CO, emissions.

Concluding, for gaming with footprint a 10% increase in wheelbase is expected to lead to a 3 to 4%
increase in CO,. For the average footprint from Table 56 and 95/g/km as target value this relation
translates into an absolute slope value (CO, vs footprint) of 7.4 to 9.9. As these values are much
higher than the 100% slope for the 95 g/km target (around 29) This means that for most slope values
for the 2020 target based on footprint gaming with wheelbase will bring vehicles significantly closer to
the target line. This effect is actually stronger than for mass.

From this, it can be concluded that the slope of the footprint-based limit function should not
exceed 20 to 30% if one wants to avoid gaming by increasing the length of the vehicle.

Increasing the wheelbase at constant overall length is much more involved. This severely influences
packaging and body design and effectively, an entire redesign of the vehicle is needed. One should
remember though, that this does not require the development of a completely new vehicle platform,
as platform technology can cater for vehicles with differing wheelbases (and track widths). Previous
work indicates that increasing the wheelbase within a fixed overall length does not cause an increase
in CO, emissions. [TNO 2008].

This includes all engine and trim levels for the different models, not just the engine and trim level as specified at the top of the table.
% The new model Audi A8 was introduced very near the end of 2009.
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The scope of increasing footprint at constant length is limited to moving the wheels to the outer
corners. By doing so, the wheelbase could at most be equal to the overall length of the vehicle minus
the average diameter of the wheels. To estimate the potential of increasing wheelbase at constant
vehicle length, the 2009 sales database has been used to check what the ratio between length and

wheelbase currently is.

length / wheelbase ratio and overall vehicle lenght

y=0,0001x + 1,0185
R?=0,5349

length / wheelbase ratio [-]

2500 3000 3500 4000 4500 5000 5500 6000 6500
overall vehicle length [mm]

Figure 41 Length / wheelbase ratio versus the overall vehicle length from the 2009 sales database

From this, we can conclude that on average, longer vehicles have a higher length to wheelbase ratio.
At the lower end of the scale, the Smart ForTwo (length 2500mm, wheelbase 1867) has a
length/wheelbase ratio of 1,33. Given the layout of the Smart ForTwo (see Figure 42), this can be
interpreted as the lowest attainable ratio®’.

Figure 42 Smart fortwo side view showing overall length and wheelbase.

The bulk of the shorter vehicles starts to appear at a ratio of around 1,55, which could be regarded
as a realistic lower limit. The 2009 sales weighted average footprint was 3,79 m?. If all vehicles were

57 Although in theory lower ratios could be possible by decreasing wheel size, this decreases the available space for braking components as
well as negatively influence the ride and handling characteristics, which is not a viable proposition. The influence on ride and handling can be
minimized by engineering, but at a certain point, it is imply not viable anymore to significantly decrease the wheel size further. The example
vehicle is fitted with 15" wheels, which is already at the lower bound of the currently fitted wheel sizes.
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to have a length to wheelbase ratio of 1,55 (whilst keeping their length constant), this would increase

to 3,97m2, an increase of some 5%.

A number of typical vehicles with a length/wheelbase ratio of 1,55 are shown in Table 59 for

reference.

Table 59 Example vehicles with a length/wheelbase ratio of 1,55.
Make Model Length [mm] Wheelbase [mm]
Mitsubishi Colt 3875 2500
Fiat Panda 3574 2305
VW Fox 3825 2465
Dacia Sandero 4020 2590
Suzuki Swift 3695 2380
Toyota Yaris 3820 2460
Mini New Mini 3958 2547
VW Transporter T5 5290 3400
Lada Kalina 3850 2470

Increasing track width

Track width can only be increased if the width of the vehicle is also increased. This leads to an
increase in frontal area and thus to an increase in CO, emissions through higher air-drag. However,
previous work [TNO 2008] has investigated this issue and concluded that at limit function slopes
below 60% (relative to a 100% line for 2015 as defined in that study), increasing the track width leads
to an increase in CO, emissions that is great enough not to decrease the distance to target. As the
2020 limit functions used in this study (based on a 2009 database) are expected to be flatter than the
100 % line from [TNO 2008] the % for which gaming with track width is discouraged is expected to be

higher.

m innovation
for life

Framework Contract on Vehicle Emissions
ENV.C.3/FRA/2009/0043, Service Request #1

136



) " GLOBAL = , TRANSPORT & MOBILITY
T™NO ;o IR (@) soen cepert _SKEpol 3 AEA

8 Assessment of alternati ve
par ameters

8.1 Introduction and option identification

The objective work reported in this chapter was to assess the suitability/feasibility of using utility
parameters that more directly reflect the transport utility of a vehicle, rather than mass and footprint.

8.1.1 Identification of options

The process to identify possible vehicle parameters that potentially better reflect the true transport

utility of a vehicle started off with the more obvious candidates for consideration such as number of

seats and luggage space or fipayl oado. Combinations
alternative parameters mass, pan area of or footprint were also considered. Of course the suitable

parameters will need to be available within the database used, while the available database could

potentially also allow multi-dimensional utility parameters.

The inception report originally suggested the following nine database parameters to be assessed:

. Wheelbase (mm)

. Front track (mm)

. Rear track (mm)

. Total authorised weight (kg)

. Weight without load (kg)

. Reference mass

. Number of seats

. Overall height (mm)

. Trunk space / loading space (litre)

O©CoO~NOUIDWNPE

Following the assessment phase regarding the utility parameters it was decided that wheelbase (mm) was
a suitable requirement as it allows for the distinction between vehicle categories. However the front track
(mm) and rear track (mm) parameters were deemed not relevant parameters, since a composite of these
parameters is the footprint (as already utilized in task 2.2). Concerning the weight/mass related
parameters, it was decided that it was redundant to feature kerb weight, payload and gross vehicle
weight, as two of these parameters would be sufficient. Consequently the two selected suitable
weight/mass references decided upon were payload and mass in running order. The latter was
chosen as it sticks to the definition of mass as it is in the current regulation. The relevance of utilising
solely the number of seats was also put into question, due to the gaming potential this could create,
while the trunk space/volume alone was also not deemed relevant for similar reasons, as it would
only really make sense for commercial vehicles such as vans. Hence it was decided to additionally
utilise a composite taking into account the number of seats (by translating a seat into a certain
volume) added to the trunk volume. Finally vehicle height (mm) on its own was deemed unsuitable
and was decided to be replaced by a composite of footprint and vehicle height as a proxy for vehicle
interior volume. Given the availability of the above discussed parameters and data it was also
decided to introduce a few multi-dimensional utility parameters.

Overall the utility parameters decided upon for further assessment were:

1. Wheelbase (mm)

2. Footprint * height (as a proxy for interior volume)

3. Mass in running order (kg)

4. Payload (kg)

5. A composite of the number of seats expressed in volume + trunk volume
5a. Number of seats (quantity + trunk volume)

6. Price

7. A composite of 4 and 5

8. A composite of footprint (task 2.1) and 3

9. A composite of 7 and 8
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It could not be answered by the data provider how the information on the number of seats should be
read in relation with the information of the trunk volume. It is assumed that the minimum trunk
volume® has been indicated as the number or seats appears normal and not significantly reduced.

For some of the parameters additional calculations had to be performed.
Following parameters were combined by scaling/normalising them:

1 Number of seats (quantity) + trunk volume (Parameter 5a)

1 Footprint and mass in running order (Parameter 8)

1 Payload and number of seats + trunk volume and sum of footprint and Mass in running order
(Parameter 9)

Footprint and height (Parameter 2)
Footprint was calculated using the track width times wheelbase. In case of two different track widths
the average value was taken into account

Mass in running order (Parameter 3)

Regulation (EC) 443/2009 refers to the mass in running order which is defined in section 2.6 of
Annex | to Directive 2007/46/EC and includes the driver and a defined amount of liquids and fuel.

The information given for the mass of the vehicles within the Polk database differs from country to
country, brand to brand and model to model®. According to Polk there is no comprehensive
definition of t he® Bueilothimiis mastdikel thet a ngixtute @f different masses
have been taken into account. Due to this following method was applied in order to receive a mass
which get as close as possible to the mass in running order. Assuming that the correct definition of
kerb weight is mass of the vehicle in running order excluding the weight of the driver, then reference
mass would be kerb weight + 100 kg. For cases where manufacturers already included 75 kg for the
driver in their kerb weight value, reference mass would be kerb weight + 25 kg.

Since it is not known how many of the data sets use one or the other definition a value in between
was chosen. Therefore 60kg was added to every entry
column named mass in running order.

Number of seats (volume) + trunk volume (Parameter 5)

Instead of using the number of seats, a standard volume for a seat has been defined and the
maximal interior volume of passenger was calculated.

Price (Parameter 6)

The Polk database comprised three currencies other than the Euro (British Pound, Polish zloty,
Romanian leu). These currencies were converted by using the Euro reference exchange rates
published by the European Central Bank"*.

8.2 Assessment of options

8.2.1 Assessment of necessary data availability

The feasibility to use other vehicle parameters than mass or footprint for the monitoring mechanism
according to Regulation 443/2009/EC depends on a number of issues. Primarily these parameters
must be addressed by European legislation which is already in force or will have to be in force when
needed. Secondly the possibilities to access these parameters within the type approval and
registration process at Member States level are crucial.

% When all theoretically foldable/removable seat can still be occupied by passengers.

% Email by Polk, 03.11.2010.
 tis presumed that the 90% fuel and liquids for the mass in running order and the 100kg to be used.
™ http://www.bundesbank.de/statistik/statistik_zeitreihen.en.php?func=list&open=devisen&tr=www_s332_b01012 1
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In order to assess whether the vehicle parameters can be included in the Monitoring Mechanism in a
robust way the availability of above parameters within Directive 2007/46/EC and Council Directive
1999/37/EC have been analysed as they are the base documents for the monitoring besides
Regulation 443/2009/EC. Although the CO, monitoring has to be based upon the CoC it is for
numerous Member States helpful if the respective parameter has to be mandatory recorded on the
European registration documents for vehicles. The availability of mandatory recording due to this
Directive could be an asset when the type approval directive does not require information on a
parameter. As following table shows this is not the case and therefore the only the availability of the
parameters present on the CoC is being analysed.

Table 60 Assessment of Directive 2007/46/EC and Council Directive 1999/37/EC.

Parameter Directive 2007/46/EC (CoC for M1) | Council Directive 1999/37/EC
(+)72

Wheelbase

Axle track

Height

Mass in running order
Payload (+
Number of seats
Trunk volume - -
Price - -

+ |+ |+ |+
.

—
2|
N

b~

+

—
2|
)

+
+

Wheelbase, axle track and mass in running order already have to be reported according to
Regulation (EC) 443/2009 and are also available within the type approval Directive respectively the
CoC which is the basis for the reporting. The use of wheelbase and axle track for an alternative utility
parameter would therefore reduce the effort within the Member States. The parameters height and
the number of seats are also available through the CoC and payload can be easily deduced from the
mass in running order and the maximum mass. Only trunk volume and the price of a vehicle are not
available within the CoC for M1°.

While it is thinkable that the technical parameter of trunk volume could be made part of the CoC in
the future, this would most likely require thorough changes within all Member States. The same is
true to the parameter price which has in addition the difficulty that it changes very quickly in
dependence from economic developments and is also subjective, which makes it difficult to
operationalise for a monitoring scheme.

Based on this assessment the following parameters seem reasonable candidates for a utility
parameter

Wheelbase

Axle track

Height

Mass in running order
Payload

Number of seats

E

8.2.2 Statistical assessment

Within this task the relationship between the respective utility parameter and the CO, value is being
assessed.

For the calculation of the respective average only those rows have been taken into account which
comprised the desired information. The example featured below could for example not be used for
the calculations of parameters involving the mass related parameters as the information about the
mass in running order (resp. kerbweight) and the payload is missing. For all other parameters the

2 Optional for the MS.

® Mass of the vehicle in service with bodywork, and with coupling device in the case of a towing vehicle in service from any category other than
M 1.

Computable as the mass of the vehicle in running order and the technically permissible maximum laden mass are present in the CoC.
Possibly computable if the mass of the vehicle in running order is present in the registration documents.

And also not required within the type approval documentation of an M1 vehcile.

74
75
76
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information is available and was be used. Due to this the number of vehicles upon the calculation is
based changes for each parameter.

Table 61 Example of an incomplete data set.
g o L) ° s % (]

c o - = O = < E=l o) o ]
c = o O = —~
88| 5 |gcs| 28| 2 | 8 |£8g|vs, |sse|ss.| €5 | 3¢
o g E T sS2| 3.2 T Lo |28J|oDE|885|888| 25 | =3
z O T =25| =25 o S o |8aG|z8o|EEE|FEL £ ay
26 109 1465 -1 4 -1 2340 11650 476 1415 1405 712 11650

The following table shows that the parameter mass has a closest relationship with the CO, value,
closely followed by footprint & mass in running order (normalised) and price. The graphical
equivalence for the significance of the regressions for all parameters can be found in the Excel file
submitted to the Commission.

Table 62 Relationship of the chosen parameter with the CO; value.

Parameter no. linear regression (y= carbon emission) registrations | Rz (registration
y=ax+b weighted)

3 X = mass in running order 10137144 0,497

8 x = normalised footprint + mass in running order 9983603 0,462

6 X = Price (Euro) 10922232 0,447

2 x = footprint * height 10519775 0,382

1 x = wheelbase 10887735 0,305
x= normalised (payload+number of seats+trunk

9 : 0,259
volume+mass-+footprint)

4 X = payload 9641401 0,141

7 x = normalised sum of payload and humber of seats (quantity) 9253732 0123
+trunk volume ’

5 x= normalised number of seats (quantity) + trunk volume 10453958 0,094

5a x= number of seats (volume) + trunk volume 10453958 0,059

Whether R2 is a decisive criterion for assessing alternative utility parameters depends on the
definition of utility. In practice numerous and also very individual criteria define the utility of a vehicle
for a consumer. In practice also socio-economic criteria are taken into account in order to define the
potential or actual utility of a vehicle to its future or current owner. Such criteria are for example:

the reputation of a vehicle or a manufacturer,

the design of a vehicle,

the lifestyle of the consumer,

parking possibilities at the place of residence/working place,

the effectiveness of the public transport at the place of residence.

the attitude towards individual and public transport and travelling in general etc.

E R

These criteria are hard or impossible to incorporate into a utility function and the European type
approval directive currently defines the function/utility of a car based on its (theoretical) usage pattern
which is reflected by their technical design. They are either designed or constructed for the carriage
of passenger or for the carriage of goods. In real life every vehicle is constructed to transport both
just with different emphasis. One could argue that with regard to utility and CO, value that a vehicle
has a high utility if it transports numerous passengers and goods at the same time while having a low
CO, value and leaving out other utilities like the speed, comfort, safety of transportation or the ones
mentioned above. When defining utility only based maximum transporting capacity (of passengers
and luggage) and having the lowest possible CO, values then the relationship between the different
parameters expressed by Rz? is of lower importance. Such an approach might nevertheless thwart the
explicit wish of t heverdityof Eumpeanmactanolpleomaaufaeturerstard avoid
any unjustified distortion of competition between themd”. Ultimately this is a political decision which
can not be taken here.

" Regulation (EC) 443/2009 preamble no. 10.
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If R2 should be the decisive criteria the sequence of the most suitable parameters is being dictated by
the table above. Taking into account the analysis in sections 8.2.2 and 7.3.2, the following top three
parameters remain as reasonable candidates for a utility parameter:

1 Mass in running order
1 Footprint and mass in running order
1 Footprint and Height

8.2.3 Impact onto selected manufacturers

In order to assess the impact of the different parameters, they have been applied upon following
manufacturers.

Table 63 Selected manufacturers.

Manufacturer incl. makes/models

VW

Ford

Fiat Lancia, Alfa Romeo

Renault

Opel

Peugeot

Citroen

BMW Mini

Mercedes Smart

Toyota Lexus

Audi

Skoda

Nissan

SEAT

Hyundai

KIA

DACIA

DAIHATSU

Vauxhall

Daewoo Chevrolets having as model group: GM: Captiva/Equinox/Vue Gr., GM:
Lacetti/Excelle/Nubira Gr., GM: Magnus/Leganza Gr., GM: Matiz/Spark Gr., GM:
Rezzo/Tacuma Gr.

GMC Chevrolets having as model group GM: Alero/G6 Gr., GM: Chevrolet Corvette Gr., GM:
Chevrolet HHR Gr., GM: Cobalt/G4/Sunfire Gr., GM: Geo Prizm/Nova Gr., GM:
Impala/La Crosse/Lumina Gr, GM: Trailblazer/Colorado/Envoy, GM: Venture/Trans Sport
Gr., GM: Yukon/Blazer Group, GM: G3/Aveo Gr

PORSCHE

The criteria for selecting those manufacturers were discussed among TNO, Okopol and the
Commission.

The current distribution of the manufacturer based on their average CO, emission, average value per
parameter and their number of registration has been calculated for each of the above manufacturer
and for each of the parameters.
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1 The graphical equivalence and all related calculations of the current distribution can be found in
the Excel file submitted to the Commission. The respective graphs for the parameters selected in
section 8.2.2 are shown below.

Mass in running order

2009 average mass in running order vs. CO2
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Figure 43 Relationship of the chosen parameter with the CO; value.

Footprint and Height

2009 average footprint*height vs. CO2
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Figure 44 Relationship of the chosen parameter with the CO; value.

m Ifl;l’\ﬂvatlon Framework Contract on Vehicle Emissions 142
ENV.C.3/FRA/2009/0043, Service Request #1

6,3



TNOx~ MR @ momt  (Jaceoor S0 BAEA AT

Footprint and mass in running order

2009 normalised footprint + mass in running order vs. CO2
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Figure 45 Relationship of the chosen parameter with the CO; value.

8.3 Selection of manufacturers - criteria

This section explains how the OEMs were selected for the analysis of the utility parameter. This was
necessary in order to reduce the effort as ~ 180 manufacturers market their vehicles within the
European Union while vehicles from only 16 companies/manufacturers are responsible for 98% of all
registrations within the EU [Okopol 2007]"®

The criteria for selecting those manufacturers where discussed among TNO, Okopol and the
Commission and are being shown below:

Criterion 1: Total number of registrations in the Polk database

With this criterion the top 12 manufacturers where chosen, namely:

1T vw 1 Opel

1 Ford i Toyota

1 Fiat 1 Mercedes

1 Renault 1 Audi

1 Peugeot 1T BMW

1 Citroen 1 Skoda

Criterion 2: Manufacturers owned/associated with manufacturers chosen by criterion 1:
1 Seat

1 Vauxhall

1 Dacia

1 Chevrolet

1 Porsche

1 Daihatsu

The fAmanufacturero Chevrol et is in fact not a manuf .

Daewoo. The only possible distinction in order to assign the right proportion of makes being

I Okopol 2007, Schilling S., Gruhlke, A, Sander, K., Service contract on the implementation of Decision 1753/2000/EC Reporting Period 2006
Final Report December 2007.
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produced by GM Daewoo resp. General Motors is a distinction by model name. But even this
assignment can be flawed as it is not always clear which models are being produced by which
manufacturer. For the time being following assignment has been chosen:

GMC: GM: Alero/G6 Gr., GM: Chevrolet Corvette Gr., GM: Chevrolet HHR Gr., GM:
Cobalt/G4/Sunfire Gr., GM: Geo Prizm/Nova Gr., GM: Impala/La Crosse/Lumina Gr,
GM: Trailblazer/Colorado/Envoy, GM: Venture/Trans Sport Gr., GM: Yukon/Blazer
Group, GM: G3/Aveo Gr’®

GM Daewoo: GM: Captiva/Equinox/Vue Gr., GM: Lacetti/Excelle/Nubira Gr., GM: Magnus/Leganza
Gr., GM: Matiz/Spark Gr., GM: Rezzo/Tacuma Gr.

Criterion 3: Makes of manufacturers chosen by criterion 1

Some of the names wused for the respective row fAmanu
manufacturers according the type approval legislation but rather makes. Therefore these makes had
also to be counted towards the manufacturers chosen under criterion 1.

Mini

Lancia

Alfa Romeo
Smart
Lexus

= =4 =4 -4 -9

8.4 Converting seat into occupied volume

In section 8.2.2 the advantage and disadvantages of defining the utility based on the maximum
transporting capacity are discussed. The following section discusses available definitions for seats
and provides a possibility to calculate the transporting capacity of a vehicle by converting the amount
of seats available within a car into a volume. This is done in order to add the volume of the trunk and
to get an approximation of the maximum transporting capacity of vehicles (of passengers and luggage)
since M1 vehicles can have up to nine seating positions and also a large variety of trunk volumes.

8.4.1 Type approval Directive®

Currently seat resp. seating positions are being defined in the Type approval Directive 2007/46/EC

as

1T 6seating positiond shalle wWehregerdesd paovexdiesdtiwid hi
anchorages;

T 6accessibled shall mean those anchorages, whi ch «ca
approval directive)

1 The number of seats is indicated in the CoC in Annex IX, Part 1, entry 42.1 of the Type approval
Directive

1 Annex Il is currently being revised and it is likely that the definition of seat or seating position will
be changed in the course of this revision.

8.4.2 Dimensions of a seating position

8.4.3 Hybrid Il dummy

The Hybrid Il dummy is used for the simulation of the behavior and potential injuries of a human in a
passenger car involved into a car accident. Their dimensions are therefore standardized and reflect
among others the body dimensions of the

1 average car driver differentiated by gender,
1 passenger differentiated also by age

" Due to information received later it is quite likely that this model belongs to GM Daewoo instead of General Motors. The data has not been
updated accordingly.

%  DIRECTIVE 2007/46/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 5 September 2007 establishing a framework for
the approval of motor vehicles and their trailers, and of systems, components and separate technical units intended for such vehicles
(Framework Directive) (Text with EEA relevance) (OJ L 263, 9.10.2007, p. 1).
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The Hybrid 1l dummy 50th male is mentioned in the frontal impact regulation (ECE R94) and also in
the EuroNCAP®! test procedures. Due to this the use of this is legally required in order to be able to
market a car in the European Union®%.

According to the German Federal Highway Research Institute's (BAST83) 2010 all body dimension of
the Hybrid IIl Dummy series stem from the 1970s and are therefore outdated. Due to this the car
industry uses different data which is not publicly available.

Due to the fact that the 50th percentile adult male Hybrid 1l Dummy is already too small in order to
represent the average adult male European and because task 2.3 requires to know the volume of a
standard seat and not of the body for which it is reserved, the 95th percentile adult male Hybrid 111
Dummy is being taken as a basis for calculating the seating space per seat/seating position for the
front seats. The Hybrid Il 95th male and the Hybrid Il 5th female dummy are research dummies
which not legally requested to be used by European legislation.

The 95th percentile adult male is taller than 95% of the expected male car drivers and has the
following dimensions.

81
82

European New Car Assessment Programme assessing the safety of vehicles.
In addition the EuroSID dummy (50th male) is mentioned in the side impact regulation (ECE R95) as well as in the EuroNCAP
testprocedures [TNO pers. Comm. November 2011].

8 Bundesanstalt fur StraRenwesen.
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SIDE VIEW FRONT VIEW
SYMBOL EXTERNAL DIMENSIONS SPEC. | TOL
A Total Sitting Height 36.20 06
B Shoulder Pivot Height 21.10 0.6
c Hip Pivot Height (Set up dimension) 4.00 0.3
D Hip Pivot from Backline (Set up dimension) 6.10 0.2
E Shoulder Pivot from Backline without Jacket 3.60 0.2
F Thigh Clearance at 1h§e':ﬁh85t point of the thigh 6.60 03
G Back of Elbow to Wrist Pivot 12.20 0.3
H Head Back From Backline (set up dimension) 3.50 0.1
| Top of the shoulder yoke to elbow length 14.30 04
J Elbow Rest Height 8.40 04
K Backline to knee length 25.50 0.5
L Bottom of seating surface to bottom of foot 18.50 0.5
M Knee Pivot Height 21.00 0.5
O Chest Depth without Jacket 9.70 0.3
P Foot Length 10.40 0.3
R Backline to knee pivot length 22.80 0.5
U Hip Breadth at H Point 15.90 04
\' Shoulder Breadth 18.70 04
W Foot Breadth 3.90 0.3

Part No. 880995-9900 User Manual Hybrid III 95® Male Rev B, SBL D
©2007 First Technology Safety Systems, Inc. Page 69 of 86

Figure 46 Caption from the User Manual Hybrid III.

In order to define a volume of a seat only its height, width and breadth is necessary. Those
dimensions are taken into account as follows:
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Table 64 Seat dimensions according to 95" male.
95 th Male
ininch in cm/cm?
Dimensions Tolerance Sum
Height of lower body
dimensions
Bottom of seating
L surface to bottom of foot 18,5 0.5 19 48,26
Thigh clearance at the
F highest point of the thigh 6,6 0,3 6,9
flesh
L+F 25,9 65,786
Width of lower body
dimensions
K Backline to knee length 25,5 0,5 26 66,04
Volume of the lower seat
& body dimensions (incl.
seat pad and anchorages)
(L+F)*K*V 12861,94 210769,434
Height of upper body
dimensions
A Total sitting height 36,2 0,6 36,8
Thigh clearance at the
F highest point of the thigh 6,6 0,3 6,9
flesh
A-F Thigh to top of the head 29,9 75,946
Width of upper body
dimensions
Head back from
H Backline 35 01 3.6
G Back from elbow to wrist 12,2 0,3 12,5
st (own estimate) Seatback thickness 10
H+G 16,1 40,894
H+G+st 50,894
Breadth for upper and
lower body dimensions
\% Shoulder breadth 18,7 0,4 19,1 48,514
volume of the Lipper body 9104,549 187516,105
imensions
(A-F)*(H+G+st)*V
Volume of full in inchs in cms3
body/resp. seat
[(L+I)*K*V]+[(A-
F)*(H+G+st)*V] 22.056 398.286

In order to take into account that the dimension in the back seats are somewhat more limited in most
passenger cars, the maximal available seat within a given car where populated with different
dummies. The volume calculation of the 50th percentile male and 5th percentile female has been
made according to the example calculation of the 95th percentile male Hybrid IIl dummy.
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Table 65 Volume calculation for 95" and 50" male and 5" percentile female.
Number of Number of Dummies Volum_e
seats calculation
95" 50th 5th
percentile percentile percentile cm?3
male male female
2 2 0 0 796.571
4 2 2 0 1.407.545
5 2 2 1 1.608.670
6 2 2 2 1.809.795
7 2 2 3 2.010.920
8 2 3 3 2.316.408
9 3 3 3 2.714.693
TNO [oyation Framework Contract on Vehicle Emissions 148
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9 Prelimnary eevdalabatiens é&f
reaching thh&m9b5agget

This subtask was replaced with a meeting with the Commission on 3/12/2010 during which
possibilities for modal ities wer e di scussed. The C
parameter and limit function 0 c¢c a n Ilba&owfnsactiomns 9.1 and 9.2.
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9.1 Evaluation of utility parameters T presentation
03/12/2010

Support for the revision of
Regulation (EC) No 443/2009
on CO, emissions from cars

Choice of utility parameter and limit function

Meeting 03/12/10

TNO | Knowledge for business

4 _GKEDal ) AEA B e e

5 o s i Your link to integrated analyses !

Goal of this meeting

A Present results of analysis on utility parameters

A" Correlation of different utility parameters with CO,
A fBubble graphsowith relative positions of OEMs
A Qualitative evaluation, incl.:

A measurability

A scope for gaming

A perverse incentives

A promotor / inhibitor of lower CO, emissions

A Discuss options for limit curve shape
A Without / with fflooroand/or fceilingd?
A Linear or non-linear?

| - | - TRANSPORT & MOBILITY
e HRR @ INSIGHT ‘/Qkopol AEA® S
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Utility parameters considered

Areference mass

Apan area

Afootprint

Awheelbase

Afootprint x height

Acombination of # of seats and trunk space

A payload
Aprice
3 o PR (@) mom | i _okpol 3 App A EETT
. [ |

Reference mass
(mass in running order = kerb weight + 60 kg)

+ Easily / objectively measured
+ Accepted by industry
A continuation of present system
A (part) of industry seems in favour of using mass also for 95 g/km
+ Good correlation with CO,,
o é
- Not a measure of utility
- Possibilities for gaming depend on slope of limit function
A 60% slope for 95 g/km target may lead to difficulty in meeting target for manufacturers of
large cars (larger share of total reduction potential used)

- Easy options for gaming: fBrick in the booto
- Makes weight reduction as CO, reduction measure less attractive

A unless limit function is continually updated on basis of changing average mass
A but effect of applying weight reduction measures may be masked by autonomous mass

increaseé
y - 4 TRANSPORT & MOBILITY
. n ¥A cioeaL A A LEUVEN
u. - Q 9 INSIGHT /@_,ﬁwéc’__ 75 AEA Your in to integrated analyses
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Reference mass
(mass in running order = kerb weight + 60 kg)

R2=0.497
2009 mass in running order vs, CO2
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R2 = 0.497
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Reference mass
(mass in running order = kerb weight + 60 kg)

2009 average mass in running order vs. CO2

> Daimler
Dacia

sDaewoo’
GMC Seat ¢

Fiat T ota Citroen
Renault ‘ Peugeot,
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Skoda™-" el

average CO2 emissions [g/km]

average mass in running order [kg]
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Pan area
+ Easily / objectively measured

A may require some rules on dealing with protrusions (mirrors, etc.)

+ Somewhat better measure of true utility than mass

+ Good correlation with CO,

o é

- Gaming is relatively easy without affecting structural design of vehicle

and without consequences for mass and vehicle CO, emissions
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Footprint
(wheelbase x track width)

+
+

Easily / objectively measured
Better proxy for utility than mass

A See # of seats + trunk volume: true utility may not provide a solid basis for CO,

differentation
Used in US legislation
Gaming is considered relatively difficult due to required changes in
structural design of vehicle and associated consequences for mass
and vehicle CO, emissions

A Footprint is not necessarily better than weight with respect to avoiding all possibilities
of perverse incentives, but possibilities of cheap gaming options are much reduced.

A Possible impact of changing footprint on CO, is weaker than for mass so does not
provide better threshold against gaming or perverse incentives than mass.

A But the scale of the perverse incentives appears much less as utility can only be
increased by effectively increasing the size of the vehicle, with all the cost and
complexity that that entails, and resulting in what is essentially a different vehicle.

A Also, incremental increases in footprint result in proportionately smaller increases in
CO, emissions than increases in weight, so the adverse environmental impact is less.

Good correlation with CO,,
é
Relatively tough on compact / high cars (e.g. MPVs)

May promote tendency towards larger cars
A This can be compensated by adjusting limit function for growth in average footprint.

B GLOBAL TRANSPORT & MOBILITY
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Footprint
(wheelbase x track width) R2=0.320

CO2 emissions {(gfkm)
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Footprint
(wheelbase x track width) R2=0.320

#® Manufacturers average 2009
—100% slope target for 959
100% slope target for 130g

y | SUV

(02 emissions {(g/km)

6.5
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tegrated analyses

Footprint
(wheelbase x track width)

300

_____ Limit value curve for 130g/km
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Footprint
(wheelbase x track width)

300 -
J P, Limit value curve for 130g/kmn
] Weighted average
value (@] X
1
250 1
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g ]
g 200 lDaihatsu ”””
% J
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100 .
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Footprint (m?)
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+ Easily / objectively measured
+ Gaming is considered relatively difficult due to required changes in

structural design of vehicle and associated consequences for mass
and vehicle CO, emissions

Good correlation with CO,
o é
- Always a less good proxy for utility than footprint
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Wheelbase

2009 wheelbase vs. CO2 R2 =0.305

400

CO2 emissions [g/km]
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wheelbase[mm]
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Wheelbase

2009 average wheelbase vs. CO2
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Footprint x height

+ Easily / objectively measured
A provided definition is height is unambiguous

and vehicle CO, emissions
+ Good correlation with CO,

z

e

- May promote tendency towards higher cars
A bad for aerodynamics, but impact on NEDC is limited

A this can be compensated by adjusting limit function for growth in average footprint

b AEA

Gaming is considered relatively difficult due to required changes in
structural design of vehicle and associated consequences for mass

TRANSPORT & MOBILITY
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Footprint x height
2009 footprint*height vs, CO2 RZ =0.382
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# of seats (expressed in volume) + trunk volume

+ Very true utility parameter

+ This combined parameter could also be used for vans

o Possibilities for gaming depend on accuracy of assumed volume per
seat

A Whether or not increasing # of seats leads to more relaxed target depends on
dimensions of car / seats compared to feaverageocar for which default value is defined
- Very poor correlation with CO,
A Increasing utility has limited impact on CO,
A Limit function based on fit leads to extremely stringent reduction goals for sports cars

- Based on assumption for default volume per seat that can be disputed

? Does expressing seats in volume solve the problem of defining what a
seat is and possible problems with small seats, foldable or removable
seats?
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# of seats (expressed in volume) + trunk volume

2
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# of seats (expressed in volume) + trunk volume

2009 number of seats + trunk volume vs. (
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Normalised (payload + (# of seats + trunk volume))

R2=0.120
normalised payload + {(number of seats + trunk volume) vs. CO2
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Payload

More true utility parameter, although more for vans than for passenger
cars
e
For vehicles with GVW < 3500 kg payload is not a measurable
parameter, but a manufacturer-declared value
For vehicles with GVW = 3500 kg payload is difference between max
GVW and reference mass, so correlation with true transport function is
limited
Weak correlation with CO,

A Whatever correlation there is, seems leveraged by small number of vehicle models

with high payload values
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Payload

C02 emissions [gfkm]

2009 payload vs. CO2 R2=0.141

- 95 g/km (100%)
——unweighted regression
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Payload

average CO2 emissions [g/km]

2009 average payload vs. CO2
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Price
+ Good correlation with CO,
A but largely due to strong leverage of limited number of very expensive cars
o é
- Not a measure of functional utility
- Very uneven distribution of vehicles around <U>
- Price is not a vehicle attribute that can be objectively measured or
verified
A Both retail price and base price excl. taxes differ per country
- Gives credit to performance (kW/ton ratio)
- More performing variants of the same model are always more expensive
- Promotes gaming by adding expensive options to standard fitting of
car / base model
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Price

2009 price vs. CO2 R? = 0.447
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Short list of most attractive utility parameter
candidates

A reference mass
A continuation of existing scheme
A main drawback: disincentive for applying weight reduction

A footprint
A similar to US legislation

A footprint x height
A proxy for interior volume
A determinant of what makes a car big and heavy

wE IR @ Rt (4 2S00 ApA X T
L} |
9.2 Evaluation of options for limit functions I presentation

03/12/2010

Possible motivations for flooroin limit function
A Flattening of cloud of (U, CO,) points at low U

A reference mass: strong flattening of lower envelope of data points
A due to fact that manufacturers have already applied CO,-reducing technologies
but have no incentive to go below 100 g/km for ecomodels
A pan area: ???
A footprint: strong flattening of lower envelope of data points
A same reason as for reference mass
A wheelbase: flattening of lower envelope + some points with very low wheelbase value at
CO, level of lower envelope
A footprint * height: : flattening of lower envelope + some points with very low wheelbase
value at CO, level of lower envelope
A payload: no / unclear
A price: no flattening visible

Alowest CO, value technically attainable for small cars
A This argument was used in US legislation.
A This is not a limiting factor in EU situation. Lowest attainable value for average small car
is much lower than 100% limit function for all cars in database.

A avoid undesired impact on safety from vehicle downsizing
A This argument was used in US legislation for the case of footprint.

A political choice to limit the CO, reduction requirements for small cars
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Possible motivations for fteilingoin limit function
A flattening of cloud of (U, CO,) points at high U
A reference mass: a hint of flattening mainly in lower envelope of data points
A pan area: ??2?
A footprint: some flattening
A wheelbase: maybe, but values suggest that these are extended vehicles (limo&)é
A footprint * height: no
A payload: no
A price: somewhat
A political choice to
Alimit the maximum CO, emissions for which large vehicles get
credited
Areduce required reduction effort for medium and small cars
A compensation of impact of floor for small vehicles on limit function for
medium size cars
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Truncated linear or non-linear function?

AArguments for moving from non-linear (fconstrained logisticd) to
truncated linear function in US legislation seem to be based on

invalid arguments regarding:
A overly steep middle part
A overly fuel economy targets stringent for small footprint vehicles
A greater incentive for manufacturers to upsize vehicles in order to reduce their compliance

obligation
— P o TRANSPORT & MOBILITY
™S | 3 J @ INSGHT |/ 4 %600 75 AEA oy ayses
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Linear segments or smoothened function?
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Slope of limit function

A Slope < 100% can be used to reduce incentive for gaming
A Need for that depends on utility parameter

A For the 130 g/km the 60% slope was also motivated by opinion that:
A legislation should be tougher for large cars than for small ones
Alarge cars have more funnecessaryoperformance and features so

that the scope for CO2 emission reduction is higher than just the
potential of technical measures

A A <100% slope can not be justified for 95 g/lkm anymore
A 95 g/km target brings vehicles closer to end of cost curve
Aunder 130 g/km already large cars will get closer to end of cost curve
than small ones

A Need for lower slope is reduced by possibility to adjust target if average
utility shifts between now and 2020
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10.1 Introduction

In this chapter the possible modalities for a legislative approach to reduce CO, emissions from cars

to an average level of 95 g/km in 2020 are analysed and discussed on the basis of a comparison of

costs per vehicle and per manufacturer for meeting the target.

Since a study with a very similar methodology was performed by TNO in 2007 for a target of 130

g/km in 2012, the applied methodology is only described concisely. A more detailed explanation can

be found in [Smokers, 2007]. Differences in methodology compared to [Smokers 2007] are

mentioned explicitly.

10.2 Setting out the policy opt ions

1021 Generating the 6long |istdé of regulatory

As identified in [Smokers 2007] the main elements or modalities for defining a CO, regulation for
passenger cars are:

Obligated or responsible entity;
Target focus;

Target type;
Instrument/sanction;

Choice of a utility parameter.

=A =4 =8 -8 -4

In close consultation with the Commission services the following options for defining the above-
mentioned elements of have been selected as main candidates for the to modalities are to that define
the 95 g/km for 2020. This report assessed the costs for compliance associated with these options
and different variants of especially the target type and choice of utility parameter:

9 Obligated or Responsible Entity: This refers to the legal entities to be placed under the primary
obligation to take action to reduce passenger car CO, emissions, and to be responsible for
ensuring that this takes place. In line with previous studies, e.g. [Smokers 2007], and with the
legislation in place for the 130 g/km target in 2015 (Regulation (EC) No 443/2009), manufacturer
groups are defined as obligated entities.

9 Target Focus: Again similar to previous studies and the existing legislation, the average CO,
emission of the total EU sales of manufacturer groups is used as target focus.

i Target Type: The global target was already laid down in Regulation (EC) No 443/20091 a
Community average of 95 g/km by 2020. For the implementation of this target at the level of
individual manufacturer groups three types of utility-based limit functions have been considered:

0 linear sloped line targets;
o linear sloped line targets with horizontal cut-offs at the upper or the lower end and
o0 non-linear curves which approach horizontal cut-offs.

Within all three variants, different slopes (and where possible cut-off levels) were analysed. Line

targets including a slope, where a target varies a:f
were deemed desirable as they allow some flexibility to give a larger allowance of CO, emissions

to vehicles that offer greater utility than others. The choice of a utility function is, however, another

issue i discussed below.
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1 Instruments and sanctions: The main sanction type considered is an excess premium of
penalty per g/km of the manufacturer-specific target that has been exceeded.
NOTE: In the cost assessment presented in this report such sanctions have not been taken into
account.

9 Utility Parameter: In order to determine an appropriate utility parameter, the following criteria
were used: good/acceptable measureofa vehiclebs 6utilityo;varableef er enc
function; availability of required data; understandable; minimising perverse effects; and not
excluding technical options. Based on these criteria two main options were shortlisted, namely
empty vehicle weight (or reference mass) in kg and footprint (vehicle track width x wheel base) in
m?. This latter option was not assessed in [Smokers 2007] and its suitability was therefore
individually studied [TNO 2011] and found to be better than for instance pan area, which was
studied in [Smokers 2007]. Both options (vehicle weight and footprint) were deemed to show a
reasonably close correlation to CO, emissions. Weight has the obvious advantage of consistency
with the present legislation for 2015, but may be less appropriate in the longer term as it reduces
the potential of weight reduction as an option for contributing towards meeting the target.

10.3 Quantitative analysis of cost impacts

10.3.1 Introduction

Using an updated version of the model developed for [TNO 2006] and [TNO 2007], a wide range of
regulatory options for implementing the 95 g/km legislation for passenger cars have been
guantitatively assessed with respect to average additional costs per car for meeting the target and
especially the distribution of required CO, reduction efforts and associated costs per vehicle over the
various manufacturers / manufacturer groups selling cars in Europe and over the six market
segments discerned in the model (small, medium and large vehicles running on petrol or diesel).

Assessed options
The following options of basic regulatory options have been modelled, on the basis described above:
9 utility based limit function

o applied to the sales weighted average in 2020 per manufacturer group
A For each model sold by the manufacturer group the CO, emission limit is calculated

based on the vehiclebs wutility value (see e
manufacturer is then calculated as a sales-weighted average of the limit values per
model.

As stated above, the suitability of three types of limit functions were tested (Annex H). This analysis
showed that for reasonable levels for the floors and ceilings of non-linear limit functions do not have
significant impacts. Since the non-linear curves ought to be based on the linear curves with cut-off,
the same conclusions were drawn for the continuous limit functions with floors and ceilings.
Conclusively, these types of limit functions proved to be interesting theoretical concepts, but they
were not taken into account in the remainder of this study.

Application of a certain measure to the sales weighted average CO, emissions per manufacturer
implies that manufacturers are allowed to perform internal averaging, i.e. the excess emission of one
vehicle that emits more that the value allowed by the limit can be compensated by other vehicles that
emit less than allowed if the limit were applied at the vehicle level. The model calculates the
distribution of reductions per segment that yields the lowest overall costs for meeting the sales
averaged target, in terms of additional manufacturer costs. This solution is characterised by equal
marginal costs in all segments. Within each segment also internal averaging is included implicitly as
all vehicles in the segment undergo CO, reduction up to the same level of marginal costs.
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Baseline scenarios

In this report the costs for meeting the 2020 target are expressed relative to two different references:

1 A 2009 reference situation: Costs in this case are the costs of additional technology applied
between 2009 and 2020 for moving from the 2009 average to the 95 g/km target in 2020 (or the
manufacturer specific target associated with the limit function defined for 2020).

1 A baseline scenario in which it is assumed that the 130 g/km is maintained between 2015 and
2020. Additional costs for meeting 95 g/km are defined relative to the costs assessed for meeting
130 g/km in 2020 (on the basis of the utility-based limit function defined in Regulation (EC) No
443/2009) using the 2020 cost curves. Note: the costs calculated according to this baseline
scenario are different from the costs calculated in previous studies for the 130 g/km target in
2015, since new cost curves were developed for this study (task 1.1.8).

In the remainder of this report, the second reference is handled before the first reference, since these
outcomes represent the discrepancy between Obusiness
target that was laid down for 2020, i.e. 95 g/km.

The petrol-diesel share in the new vehicle sales in 2020 is assumed equal to that in 2009, because
according to [JD Power 2008] the diesel shares in Western and Eastern Europe will respectively be
about 55% and 35% in 2015 and the current share is already close at approximately 45%.

Scenarios for autonomous mass increase (AMI)

As agreed upon with the European Commission, it is assumed in the current study that there will be
no autonomous mass increase (AMI) between 2009 and 2020. This means that the costs for meeting
the target do not have to be corrected for the costs of applying technology to compensate for
increased CO, emissions resulting from increased vehicle mass between 2009 and 2020.

Baseline data for 2009

For 2009 the model contains data on vehicle sales, CO, emissions, weight and footprint per segment

per manufacturer (group) that have been derived from a sales database purchased from Polk

Marketing Systems. This EU5+2 database contains the above mentioned information for the five

biggest European economies (France, Germany, Italy, Spain and the UK) and Romania and
Hungary. I'n an addi FramewotlkhsKomwtitaéein WNomeENV. C. 3./ F
aquired EU5+2 database was compared to an EU27 database. From the comparison was deduced

that using the EU 5+2 database would lead to very comparable results for almost all manufacturers

with respect to the average mass, CO, emission and the resulting distance to target under the

current legislation [TNO 2010].

Manufacturer groups, used for the assessment, have been based on the situation per January 1%,
2011. For each manufacturer group the 2009 sales of all brands belonging to that group are included
in the sales averaged values of utility and CO, per segment.

A comparison between manufacturers with respect to average weight, average footprint, average
CO, emissions and sales can be found in [TNO 2011].
Utility-based limit functions
Linear utility-based limit functions are expressed as: CO, limit = a U + b, with U the utility parameter.
The slope a and y-axis intercept b can be varied provided that the following relation is fulfilled:

95 g/km =a <U>2020 + b,

with <U>,450 the average utility value of all new vehicles sold in Europe in 2020.

Variants wit h di f ferent sl opes are defined relative to a f
slopedo | imit function i s c on-seightadddast shuateyfitthroughsthel y i ntr
CO, emission values of all 2009 vehicle models plotted as function of their respective utility values
(Annex G). Hereafter this line is lowered to meet the average of 95 g/km in such a way that the
relative reduction is equal for al | utility wvalues.
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defined as the limit function for which the burden of CO, reduction between 2009 and 2020 is evenly
distributed over the range of utility values. Relative to this reference alternatively sloped limit
functions can be defined. The labelling of these slopes is based on a percentage of the 100% slope.

The range of slope values used for the calculations presented in this chapter is indicated in Table 66.

Table 66 Utility based limit functions.

utility-based limit function (aU + b) |[mass footprint

a b a b
least squares fit 2011 0.0762 43.9 45.3 -27.9
slope 60% 60% 0.0296 55.1 60% 17.6 27.2
slope 70% 70% 0.0346 48.4 70% 20.6 15.8
slope 80% 80% 0.0395 41.8 80% 23.5 4.5
slope 90% 90% 0.0444 35.1 90% 26.4 -6.8
slope 100% 100% 0.0494 28.5 100% 29.4 -18.1
slope 110% 110% 0.0543 21.8 110% 32.3 -29.4
slope 120% 120% 0.0592 15.2 120% 35.2 -40.7
slope 130% 130% 0.0642 8.5 130% 38.2 -52.0
slope 140% 140% 0.0691 1.9 140% 41.1 -63.3

Presentation of results

Besides in absolute manufacturer costs related to achieving the 2020 target, the cost impacts are
also expressed as the relative retail price increase per vehicle for both situations. The relative retail
price increase is calculated by multiplying the additional manufacturer costs by a factor of 1.44,
according to [Smokers 2006], and dividing that by the average retail price calculated from the
database.

Caveats

1 Results for individual manufacturer groups as presented here, should not be interpreted as
predictions of the costs in 2020 for that manufacturer group but should rather be seen as an
estimate of the costs for a manufacturer group with characteristics (in terms of sales distributions
and CO, emissions per vehicle per segment) similar to that manufacturer group.

1 All results per segment are calculated under the assumption that manufacturers apply direct and
full cost pass through of the costs for CO, reduction measures to the retail price of the vehicles in
which these measures are applied. In reality manufacturers obviously have the freedom to
distribute the overall costs for meeting the 2020 target in a different way over the model spectrum
that is offered, or to absorb all or part of the cost rather than passing it through to the purchaser.

10.3.2 Results for mass as utility parameter

Results expressed as cost impacts relative to a baseline in which 130 g/km is maintained
between 2015 and 2020

Figure 47 shows the absolute manufacturer cost increases at the level of manufacturer groups,
resulting from applying a mass-based CO, limit function with different slope values. These costs are
relative to the situation in which the current 130 g/km legislation is maintained between 2015 and
2020. The distribution of absolute manufacturer cost increases over market segments is presented in
Figure 48. The relative retail price increases per manufacturer group and the distribution over the
segments are respectively shown in Figure 49 and Figure 50.

NOTE: Certain manufacturers are not able to meet their target given the available reduction potential
defined by the cost curves. These manufacturers are indicated with grey bars in the figures below.
Moreover they are listed in Table 67 (for mass as utility parameter) and Table 68 (for footprint).
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Figure 47 Absolute manufacturer cost increase per manufacturer for utility-based limits applied per
manufacturer for U = mass, compared to the situation in which the 130 g/km legislation is
maintained between 2015 and 2020. A grey bar indicates a manufacturer exceeding the target for
a certain slope even with maximum reduction.
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Figure 48 Absolute manufacturer cost increase relative to 2009 per segment for utility-based limits applied
per manufacturer for U = mass, compared to the situation in which the 130 g/km legislation is
maintained between 2015 and 2020.
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Figure 49 Relative price increase per manufacturer for utility-based limits applied per manufacturer for U =
mass, compared to the situation in which the 130 g/km legislation is maintained between 2015
and 2020. A grey bar indicates a manufacturer exceeding the target for a certain slope even with
maximum reduction.
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Figure 50 Relative price increase relative to 2009 per segment for utility-based limits applied per
manufacturer for U = mass, compared to the situation in which the 130 g/km legislation is
maintained between 2015 and 2020.
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Results expressed as cost impacts relative to 2009

The absolute manufacturer cost increase per manufacturer relative to 2009 resulting from applying a
mass-based CO, limit function with different slope values at the level of manufacturer groups is
depicted in Figure 51. The distribution of absolute manufacturer cost increases over market
segments is presented in Figure 52. The relative retail price increase per manufacturer relative to
2009 is depicted in Figure 53. The distribution of relative retail price increases over market segments
relative to 2009 is presented in Figure 54. An alternative representation of the relative price increase
is presented in Figure 55.
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Figure 51 Absolute manufacturer cost increase relative to 2009 per manufacturer for utility-based limits
applied per manufacturer for U = mass. A grey bar indicates a manufacturer exceeding the target
for a certain slope even with maximum reduction.
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Figure 52 Absolute manufacturer cost increase relative to 2009 per segment for utility-based limits applied
per manufacturer for U = mass.
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Figure 53 Relative retail price increase compared to 2009 per manufacturer for utility-based limits applied
per manufacturer for U = mass. A grey bar indicates a manufacturer exceeding the target for a
certain slope even with maximum reduction.
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Figure 54 Relative retail price increase compared to 2009 per segment for utility-based limits applied per
manufacturer for U = mass.
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Figure 55 Relative retalil price increase compared to 2009 per manufacturer for utility-based limits applied

per manufacturer for U = mass, and a limit function with slope = 100%. Red markers indicate the
manufacturer groups that are not able to meet their target.

According to Figure 55 Porsche has the eighth lowest relative price increase. This is the case
because Porsche is attributed the highest possible CO, reduction while the manufacturer is not able
to meet the target, even with the maximum potential. However, since more manufacturer groups are
close to the maximum possible reduction, these other manufacturer groups have costs comparable
to Porsche. Since Porsche has by far the highest average sales price, the calculated relative price
increase for Porsche is relatively low.

Manufacturers not able to meet their mass-based target for 2020

For some of the slopes assessed, a number of manufacturer groups are unable to meet their 2020
CO, emission target, even with the maximum reduction possible (see cost curves developed in task
1.1 in [TNO 2011]). These manufacturer groups are indicated with grey bars in the figures above and
are listed in Table 46. They are attributed the maximum possible reduction. As a result the overall
average CO, emission target of 95 g/km is not exactly met. The overall average CO, emission is
depicted in Table 46.

Table 67 Manufacturer groups that cannot meet their target with the maximum possible reduction.
Resulting
average
emissionsin

Slope |Manufacturer groups unable to meet target of 95 g/km  |2020 [g/km]

60% |Porsche, Tata (incl. Jaguar, Land Rowver) 95.1
70% (Porsche, Tata (incl. Jaguar, Land Rowver) 95.1
80% |Porsche 95.0
90% |Porsche 95.0
100% |Porsche 95.0
110% |Porsche 95.0
120%|Porsche 95.0
130%|Porsche 95.0
140% |Porsche 95.0

Conclusions regarding the case: mass-based limit function applied per manufacturer

1 For some slopes assessed, a number of manufacturer groups are unable to meet their CO,
emission target, even with the maximum reduction possible. These groups mainly sell relatively

0l arged6 vehicles and a relatively high percentage

1 Aside from the groups that cannot meet the target, average costs per vehicle for each
manufacturer group scale linearly with the slope of the limit function. For manufacturers with a
sales-averaged mass below the overall average mass the costs increase with increasing slope
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while for manufacturers with above-average mass the costs decrease with increasing slope.

Sensitivity to changing slope is very different for the different manufacturer groups depending on

the difference between the average mass of the manufacturer group and the overall fleet average

mass.

1 Overall average costs are sensitive to the slope of the utility based limit function but the sensitivity
is limited for most of the manufacturer groups.

1 Preferably the absolute manufacturer costs and relative price increase should both increase (or at
least not decrease) with vehicle size and CO, emission. For the 2009 reference situation, this is
achieved for the absolute manufacturer costs. However, for the relative price increase, this is not
the case for any slope value; the effect on small vehicles is highest and the effect on large
vehicles is lowest, irrespective of the fuel type.

1 Especially when looking at the relative cost increase some manufacturers will be faced with a
higher burden than other manufacturers with similar average CO, emissions.

o Fiat: Fiat shows relatively high manufacturer cost and relative price increase, compared to
for instance PSA, which has similar average CO, emissions (Annex G). However, Fiat has
lower average mass and therefore more stringent target and higher costs (especially for
higher slope values. Moreover Fiat sales prices are relatively low, resulting in an even higher
relative price increase.

0  Suzuki: The relative retail price increase of Suzuki is relatively high and very sensitive to the
slope of the limit function. 2009 CO, values for Suzuki and Renault-Nissan are almost the
same (see Annex G) but the average mass is smaller for Suzuki leading to tighter CO, limits
values and thus to higher costs than is the case for Renault-Nissan. A further important
difference is the fact that the average retail price for Suzuki is about 15% lower than for
Renault-Nissan.

o Porsche: Even at the maximum possible reduction, Porsche does not meet its target for a
single slope. This is because Porsche sells relatively many large vehicles in 2009 of which
more than 85% are petrol vehicles. For these sports vehicles and SUVs CO, emissions are
well above average for the segment and above average for their utility value.

0 Tata and Chrysler: These manufacturer groups are very sensitive to the slope value. This is
a result of the average mass, being relatively far from the overall fleet average mass. Both
groups manufactur e mai nl vy 6l argebd vehicl
expensive, the impact of the slope value on the relative price increase is comparable to the
overall average.

10.3.3 Results for footprint as utility parameter

Results expressed as cost impacts relative to a baseline in which 130 g/km is maintained
between 2015 and 2020

Figure 56 shows the absolute manufacturer cost increases resulting from applying a footprint-based
CO, limit function with different slope values at the level of manufacturer groups. These costs are
relative to the situation in which the current 130 g/km legislation is maintained between 2015 and
2020 The distribution of absolute manufacturer cost increases over market segments is presented in
Figure 57. The relative retail price increases per manufacturer group and the distribution over the
segments are respectively shown in Figure 58 and Figure 59.

NOTE: Certain manufacturers are not able to meet their target given the available reduction potential
defined by the cost curves. These manufacturers are indicated with grey bars in the figures below.
Moreover they are listed in Table 68 for the utility parameter footprint.
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Absolute manufacturer cost increase per manufacturer for utility-based limits applied per
manufacturer for U = footprint, compared to the situation in which the 130 g/km legislation is
maintained between 2015 and 2020. A grey bar indicates a manufacturer exceeding the target for

a certain slope even with maximum reduction.
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Absolute manufacturer cost increase relative to 2009 per segment for utility-based limits applied
per manufacturer for U = footprint, compared to the situation in which the 130 g/km legislation is

maintained between 2015 and 2020.
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Figure 58 Relative price increase per manufacturer for utility-based limits applied per manufacturer for U =
footprint, compared to the situation in which the 130 g/km legislation is maintained between 2015
and 2020. A grey bar indicates a manufacturer exceeding the target for a certain slope even with
maximum reduction.
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Figure 59 Relative price increase relative to 2009 per segment for utility-based limits applied per
manufacturer for U = footprint, compared to the situation in which the 130 g/km legislation is
maintained between 2015 and 2020.
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Results expressed as cost impacts relative to 2009

The absolute manufacturer cost increase per manufacturer resulting from applying a footprint-based
CO, limit function with different slope values or a percentage reduction at the level of manufacturer
groups is depicted in Figure 60. The distribution of absolute manufacturer cost increases over market
segments is presented in Figure 73. Dividing absolute retail price increase (factor 1.44 higher than
absolute manufacturer costs) by the average base retail price per manufacturer group yields the
relative retail price increase as depicted in Figure 62. The distribution of relative retail price increases
over market segments is presented in Figure 63. An alternative representation of the distributional
impact is presented in Figure 64.
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Figure 60 Absolute manufacturer cost increase relative to 2009 per manufacturer for utility-based limits
applied per manufacturer for U = footprint. A grey bar indicates a manufacturer exceeding the
target for a certain slope even with maximum reduction.
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Figure 61 Absolute manufacturer cost increase relative to 2009 per segment for utility-based limits applied
per manufacturer for U = footprint.
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Figure 62 Relative retail price increase compared to 2009 per manufacturer for utility-based limits applied
per manufacturer for U = footprint. A grey bar indicates a manufacturer exceeding the target for a
certain slope even with maximum reduction.
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Figure 63 Relative retail price increase compared to 2009 per segment for utility-based limits applied per
manufacturer for U = footprint.
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Figure 64 Relative retail price increase compared to 2009 per manufacturer for utility-based limits applied
per manufacturer for U = footprint, and a limit function with slope = 100%. Red markers indicate
the manufacturer groups that are not able to meet their target.

According to Figure 64 Porsche has the seventh lowest relative price increase. This is the case
because Porsche is attributed the highest possible CO, reduction while the manufacturer is not able
to meet the target. However, since more manufacturer groups are close to or even on the maximum
reduction possible, these other manufacturer groups have costs comparable to Porsche. Since
Porsche has by far the highest average sales price, the calculated relative price increase for Porsche
is low. To a lesser extent this argument holds for Tata.

Manufacturers not able to meet their mass-based target for 2020

For some slopes assessed, a number of manufacturer groups is unable to meet the CO, emission
target, even with the maximum reduction possible (see task 1.1 in [TNO 2011]). These are indicated
with grey bard in the figures above and listed in Table 47. They are attributed the maximum possible
reduction. As a result the overall average CO, emission target of 95 g/km is not met. The overall
average CO, emission is depicted in Table 47 behind the slope value.

Table 68 Manufacturer groups that cannot meet their target with the maximum possible reduction.
Resulting
average
emissionsin

Slope |Manufacturer groups unable to meet target of 95 g/km  |2020 [g/km]

60% |Chrysler, Porsche, Tata (incl. Jaguar, Land Rowver) 95.2
70% | Chrysler, Porsche, Tata (incl. Jaguar, Land Rowver) 95.2
80% [Porsche, Tata(incl.Jaguar,LandRover) 95.2
90% [Porsche, Tata(incl.Jaguar,LandRover) 95.2
100% [Porsche, Tata(incl.Jaguar,LandRover) 95.2
110%|Porsche, Tata(incl.Jaguar,LandRover) 95.1
120% |Porsche, Tata(incl.Jaguar,LandRover) 95.1
130% |Porsche, Tata(incl.Jaguar,LandRover) 95.1
140% |Porsche, Tata(incl.Jaguar,LandRover) 95.1

Conclusions regarding the case: footprint-based limit function applied per manufacturer

1 The overall picture for limit functions based on footprint and applied per manufacturer is very
similar to that of mass based utility functions applied per manufacturer.

1 Compared to mass as a utility parameter, for footprint a larger number of manufacturer groups is
unable to meet the CO, emission target, even with the maximum reduction possible. Again, these
groups mainly sel/l relatively o6l arged vehicl

m innovation Framework Contract on Vehicle Emissions
for life . 183
ENV.C.3/FRA/2009/0043, Service Request #1

e s

and



) " GLOBAL = , TRANSPORT & MOBILITY
T™NO ;o IR (@) soen cepert _SKEpol 3 AEA

of petrol vehicles. The extra manufacturer group not meeting the target (Chrysler) has a relatively
low footprint compared to their mass, resulting is a tighter target for footprint than for mass.

1 The average costs for meeting the target appear slightly higher for footprint than for mass.
However differences are negligible.

1 Again for each manufacturer average costs per vehicle scale linearly with the slope of the limit
function in case the manufacturer group can meet its target. For manufacturer groups with a
sales-averaged footprint below the overall average mass the costs increase with increasing slope
while for manufacturers with above-average footprint the costs decrease with increasing slope.
Sensitivity to changing slope is very different for the different manufacturers depending on the
difference between the average footprint of the manufacturer group and the overall average
footprint.

1 For e.g. Geely (incl. Volvo) and Chrysler, the target is easier to reach with mass as utility
parameter than for footprint. This is because their average mass per sold vehicle is further from
the overall average than their average footprint per sold vehicle is from the overall average
footprint. As a result their target is tighter when footprint is used as a utility parameter.

1 For Mitsubishi and Renault-Nissan the sensitivity to the slope is reduced compared to the case
of mass as utility parameter.

o For footprint the average values for these manufacturers are closer to the overall average
than for mass.

1 For Mazda and Ford the sensitivity is completely reversed compared to the case of mass as utility
parameter. This is caused by the fact that the average footprint for Mazda is above the overall
average while for mass the average value for Mazda is below the overall average (Annex G).

10.4 Impact of electric vehicles on the cost for meeting the
2020 target

10.4.1 Scenario characteristics

By 2020 the sales share of electric vehicles within the passenger vehicle segment is expected to be
significantly larger than in the sales 2010 database. Therefore it is important to assess the sensitivity
of the cost impact results for this expected trend. Since estimating the share of newly sold electric
passenger cars in 2020 was not within the scope of this study, three penetration scenarios were
taken from a study by CE Delft [Kampman 2011]. These scenarios are shortly described in Table 48,
including a fourth scenario developed by TNO to assess the impact of solely including Full Electric
Vehicles (FEVs). A more detailed overview of EV shares and EV emissionsi n t he vari
is presented in Table 48.

As a result of penetration of low emissions vehicles, the average CO, emissions of ICEV (Internal
Combustion Engine Vehicle) are allowed to be as high as the emission values indicated in Table 48
to still achieve an overall average of 95g/km.

Table 69 Overview of scenario characteristics for electric vehicle sales penetration in 2020.

Baseline Scenario 4
Scenario characteristics 2020 scenario Scenario 1 [Scenario 2 |Scenario 3 |(TNO)
Sales share FEVs 0.0% 0.8% 0.3% 1.7% 10.0%
Sales share PHEVs 0.0% 3.4% 1.8% 6.2% 0.0%
Sales share EREVs 0.0% 1.2% 0.5% 2.3% 0.0%
Total sales share EVs 0.0% 5.5% 2.7% 10.2% 10.0%
Awerage CO2 emissions per EV [g/km] - 48 45 47 0
Sales share of ICEVs 100.0% 94.5% 97.3% 89.8% 90.0%
Average ICEV emissions to reach 95 g/km [g/km] 95.0 97.7 96.4 100.5 105.6

The baseline scenario is the situation in which EVs are not taken into account. Scenario 1 was
devel oped by CE Delft [ Kampman 2011] and is i
developments, based on the state-of-the-art information that was gathered in the previous work
phases of this project. Scenario 2 is based on limited EV uptake due to high battery costs and limited
incentives. Scenario 3 is the most optimistic one, from the EV development perspective, in which

m innovation Framework Contract on Vehicle Emissions
for life . 184
ENV.C.3/FRA/2009/0043, Service Request #1

ous sce

ntended



) " GLOBAL = , TRANSPORT & MOBILITY
T™NO ;o IR (@) soen cepert _SKEpol 3 AEA

R&D leads to a rapid decrease of battery cost and increase of battery lifetime, from 2015 onwards.
The fourth scenario was developed by TNO to investigate the impact of a simplified case in which
only FEVs are implemented.

10.4.2 Additional manufacturer costs for electric vehicles

In order to determine the average cost per vehicle for reaching the target, while taking the
penetration of EVs into account, the additional manufacturer costs of EVs compared to ICEVs (2002
baseline) are calculated. This is done by accumulating costs for components used in the electric
drive train and subtracting the costs avoided by not implementing a conventional drive train. The
costs for electrification and for the conventional drive train motor are taken from task 1.1.9, while the
transmission costs for the ICEVs are based on expert opinion. The final additional manufacturer
costs are listed in Table 70.

Table 70 Additional manufacturer costs of EVs compared to ICEVSs.

Additional manufacturer costs FEV PHEV petrol PHEV diesel EREV petrol EREV diesel

EV characteristics

EV range [km] 150 175 200 50| 50| 50 50| 50| 50| 50 50 50| 50| 50 50|
Motor Power (peak) [kW] 62 80| 85| 28| 30| 30| 28| 30| 30| 66 80 84| 67| 81 85|
Engine power [kW] - - - 58| 80| 95 59| 81 96| 48] 51 51 48| 52 52|
Battery capacity [KWh] 16.0] 21.0] 24.0 5.9 6.4 6.3 6.0) 6.5 6.4 5.7] 6.1 6.0| 5.8 6.2 6.0|
Cost electrification

Battery [ 0] 6784 8747 9766] 2579 2752| 2711] 2604 2787| 2753] 2493| 2646 2585] 2513| 2667| 2607
Mot or [ 0] 435] 551 582 208 222| 220 210 224 223] 464 552 580 470] 558 586
Engine & Tranmi ssijon O a]0 0] 2000] 2350| 2450] 2500{ 2800| 2900 1000| 1100| 1100] 1400 1600 1600
Generator [ 0] 0 0 0 0 0 0 0 0 O] 432 463 462 436| 467 466
I nverter & Boost do69|e 8T8 r929 0337 359 356 341 364| 361] 1423 1615| 1659] 1439 1632| 1677
Control unit & Har|n e49[s 2701 ]300 240 270 300 240 270 300] 360 390|] 420] 360[ 390| 420
Heat pump [ 0] 810 900 990] 810f 900[ 990] 810] 900f 990 810] 900] 990] 810[ 900] 990
Avoided ICE costs

ICE engine power [kW] 55] 80| 110 55] 80| 110 55] 80| 110 55] 80| 110 55| 80| 110
Engine & Tr anmi s s i]ol650([ 2490 3300] 1650 2400| 3300 1650 2400| 3300 1650 2400| 3300] 1650 2400 3300
Tot al extra manuf gc/BO9|r 8946] 82674 ¥524| [445B| 3727 5055 4945| 4227] 5332 5266 4495' 5778| 5814 5046-5|

10.4.3 Effect of EV penetration on overall average additional manufacturer costs

For every scenario a different distribution of small, medium and large vehicles and different shares of
FEVs, PHEVs and EREVs is assumed. As no sales distribution over small, medium and large FEVs
is available from [Kampman 2011], a distribution of respectively 4:5:1 was assumed. Because of
distributional differences between the scenarios, the Table 71). This value is highest for scenario 4
since it includes only FEVs, which are the most expensive of the EVs.

As a result of the increased average emissions allowed for ICEVs, the average additional

manufacturer costs for those vehicles decrease. For this calculation in the cost assessment model

the virtual target for | CHRWmgeilGEV engssiond too trheca cvha | % sg /I K
in Table 69. The resulting costs for the 100% slope situation with mass as the utility parameter can

be found in Table 71.
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Table 71 Overall costs to reach an average of 95 gCO./km for scenarios that include sales shares of
electric vehicles relative to the 2009 reference situation, a 100% slope and mass as the utility
parameter.

Utility parameter = mass Baseline Scenario 4

Slope = 100% scenario Scenario 1 |Scenario 2 [Scenario 3 |(TNO)

Scenario characteristics

Sales share FEVs 0.0% 0.8% 0.3% 1.7% 10.0%

Sales share PHEVs 0.0% 3.4% 1.8% 6.2% 0.0%

Sales share EREVs 0.0% 1.2% 0.5% 2.3% 0.0%

Total sales share EVs 0.0% 5.5% 2.7% 10.2% 10.0%

Average CO, emissions per EV [g/km] - 48 45 47 0

Scenario impact on ICEVs

Sales share of ICEVs 100% 94.5% 97.3% 89.8% 90.0%

Awverage ICEV emissions to reach 95 g/km [g/km] 95 97.7 96.4 100.5 105.6

Results

Average additional manufphctur e c 053@2| p erb5186[E V [5858 8323

Awverage ICEV costs to meet target ICEV [U] 2188 1952 2061 1741 1420

Average overall costs to mee@i8895 @IBKm t 2l et p1aqg 2111

Finally, the average manufacturer costs per passenger car, including electric vehicles, can be

determined. As can be seen in Table 71, the penetration of EVs slightly lowers the average additional

manufacturer costs needed to reach an overall average of 95 gCO,/km in all scenarios. For instance,

the average overall costs to meet the 95 gCO,/km targetare 24 % | ower f or 6Scenario 1
6Baseline scenariod without EV penetration.

From these values cannot be concluded that the production of EVs decreases the overall additional

manufacturer costs under all circumstance s . For i nAverage ICEV,emisslores togeach 95

g/ kdodot influencethe6 Aver age | CEV cost sb6 tlo nmeeetl yt.arTgheet iInGE VW C
first EV has the highest relative impact on the additional manufacturer costs, as manufacturer have to

6climbdéd | ess far up the progressively increasing cos

However, this analysis does show that for this situation (100% slope, mass as utility parameter)
manufacturing and selling electric passenger vehicles can become a cost effective means for
achieving a target of 95gCO,/km. As discussed above, this effectiveness depends on the degree of
penetration, the distribution over electric vehicle types and the price action of electric vehicle
components e.g. batteries.

In Table 72, a similar assessment is depicted for a 100% slope situation but with footprint as the
utility parameter. Similar to mass as the utility parameter, the penetration of EVs slightly lowers the
average additional manufacturer costs needed to reach an overall average of 95 gCO,/km in all
scenarios. For instance, the average overall costs to meet the 95 gCO,/km target are 2.4% lower for

6Scenario 16 than for t hepenetBaion.el i ne scenari od withou

Again, it cannot be concluded that the production of EVs decreases the overall additional
manufacturer costs under all circumstances. But also this analysis does show that for this situation
(100% slope, footprint as utility parameter) manufacturing and selling electric passenger vehicles can
become a cost effective means for achieving a target of 95 gCO,/km.
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Table 72 Overall costs to reach an average of 95 gCO./km for scenarios that include sales shares of
electric vehicles relative to the 2009 reference situation, a 100% slope and footprint as the utility
parameter.

Utility parameter = footprint Baseline Scenario 4

Slope = 100% scenario Scenario 1 |Scenario 2 [Scenario 3 |(TNO)

Scenario characteristics

Sales share FEVs 0.0% 0.8% 0.3% 1.7% 10.0%

Sales share PHEVs 0.0% 3.4% 1.8% 6.2% 0.0%

Sales share EREVs 0.0% 1.2% 0.5% 2.3% 0.0%

Total sales share EVs 0.0% 5.5% 2.7% 10.2% 10.0%

Average CO, emissions per EV [g/km] - 48 45 47 0

Scenario impact on ICEVs 0% 0 0 0 0%

Sales share of ICEVs 100% 94.5% 97.3% 89.8% 90.0%

Maximum ICEV emissions to reach 95 g/km [g/km] 95 97.7 96.4 100.5 105.6

Results

Average additional manufphctur e c 053@2| p erb5186[E V [5858 8323

Awverage ICEV costs to meet target ICEV [U] 2197 1964 2072 1755 1434

Average overall costs to mee@i7]95 @UAKmM t 255 et pia3 2123

10.5 Assessment of cost impacts of different scenarios

The figures and tables below show the results of runs with the cost assessment model using the
alternative cost curves for scenario a), b) and c) as defined in section 2.6. The results are compared
with those for the original 2020 cost curves as defined in section 2.4.

With respect to the overall costs of meeting the target assessments for mass and footprint as utility
parameter yield similar results. Assuming that a large part of the progress made between 2002 and
2009 is to be attributed to other origins than application of technologies from the cost curves leads to
costs for meeting the target that are about u
curves. Using alternative data for costs and reduction potentials of hybridization and weight reduction
from EPA studies has a more limited effect. The combination of scenario a) and b) leads to costs that

-

are about 0 1000 | ower than the base case.

Results for the scenarios a) to ¢) would change the conclusion from the assessment of impacts of
introducing EVs by 2020 as presented in section 10.4. The lower costs for meeting the target by
means of reducing CO, emissions from conventional vehicles will mean that additional costs for
manufacturing EVs will no longer be outweighed by reduced costs for reduced efficiency
improvements in conventional vehicles.

m ;g?ﬁ;’:ﬁ‘?" Framework Contract on Vehicle Emissions 187
ENV.C.3/FRA/2009/0043, Service Request #1

600



innovation GLOBAL L ) TRANSPORT & MOBILITY
TNO IR (; 5 INSIGHT CE Delft k?pc:! 7 AEA LEUVEN
5000 T : I
I ility - m - slope 100% - based on 2020 cost curves
4500 [ utility - m - slope 100% - based on "scenario a)* cost curves H
[Cuility - m - slope 100% - based on "scenario b)* cost curves
@ 4000 I tiity - - slope 100% - based on "scenario ©)* cost curves H
D
© 3500 —
@
£ 3000
]
S 2500
B
= 2000
S
£ 1500
£
o
= 1000
500
0
p.S p.M pL d,S d,M, dL Average

Figure 65 Additional manufacturer costs per segment relative to the 2009 situation with reference mass as
the applied utility parameter and a 100% slope.
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Figure 66 Additional manufacturer costs per segment relative to maintaining 130 g/km with reference mass
as the applied utility parameter and a 100% slope.

Table 73 Additional manufacturer costs per segment with reference mass as the applied utility parameter

and a 100% slope.

Addi ti onal manufacturer cost
Utility parameter: reference mass
Slope: 100% pS pM pL ds dM dL Average
Based on 2020 cost curves 2199 2390 3872 1719 2119 2698 2188
Scenario a) 1570 2019 3331 1111 1437 2016 1595
Scenario b) 1802 2044 3526 1199 1504 2106 1715
Scenario c) 1241 1606 2570 740 991 1447 1198
Addi ti onal manufacturer cost rel
Utility parameter: reference mass
Slope: 100% pS pM pL ds dM dL Average
Based on 2020 cost cunes 1852 1653 1993 1552 1748 1930 1750
Scenario a) 1222 1283 1452 943 1067 1248 1158
Scenario b) 1455 1308 1647 1032 1134 1338 1277
Scenario c) 894 869 691 573 620 680 760
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Figure 67 Additional manufacturer costs per segment relative to the 2009 situation with footprint as the
applied utility parameter and a 100% slope.
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Figure 68 Additional manufacturer costs per segment relative to maintaining 130 g/km with footprint as the
applied utility parameter and a 100% slope.

Table 74 Additional manufacturer costs per segment with footprint as the applied utility parameter and a

100% slope.

Addi tional manufacturer cost rel
Utility parameter: footprint
Slope: 100% pS pM pL ds dM dL Average
Based on 2020 cost curves 1818 1664 2310 1489 1775 2393 1760
Scenario a) 1195 1275 1706 907 1094 1678 1168
Scenario b) 1426 1312 1952 987 1171 1851 1294
Scenario c) 870 863 1230 552 649 998 772
Addi ti onal manufacturer cost
Utility parameter: footprint
Slope: 100% pS pM pL ds dM dL Average
Based on 2020 cost cunes 2166 2400 4189 1657 2145 3160 2197
Scenario a) 1543 2011 3585 1074 1464 2446 1605
Scenario b) 1773 2049 3831 1155 1542 2618 1732
Scenario c) 1217 1599 3109 720 1019 1765 1210
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Figure 69 Additional manufacturer costs per segment relative to the 2009 situation with reference mass as
the applied utility parameter and a 60% slope.

Figure 70 Additional manufacturer costs per segment relative to maintaining 130 g/km with reference mass
as the applied utility parameter and a 60% slope.

Table 75 Additional manufacturer costs per segment with reference mass as the applied utility parameter
and a 60% slope.
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