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Executive Summary

Introduction

A very important and challenging goal of the European Union is to reduce greenhouse gas emissions
until 2050 by 80% or more relative to 1990. In order to achieve this goal, increasing GHG constraints
are required in every sector of the economy. Specifically for transportation, the objective has been set
to cut EU-27 greenhouse gas emissions by 60% in 2050 relative to 1990 [EC 2011]. While this
ambition is defined at a sectoral level as ‘total GHG emitted’ according to IPCC procedures, the current
vehicle emissions regulations are defined on the level of ‘Type approval TTW CO, emissions’ in g/km.
This causes a divergence between the regulatory approach and actual direct GHG emissions from
road vehicles. Since manufacturers cannot directly influence driving behaviour and distance driven, the
discrepancy between regulating g/km emissions and an overall target set at the level of absolute
emissions cannot easily be overcome. Besides these factors, also the drivetrain types, chosen by
manufacturers to meet the target, greatly influence the ‘total GHG emitted’ according to IPCC
definitions and well-to-wheel (WTW). Even though manufacturers can also not directly influence the
well-to-tank (WTT) emissions associated with production of energy carriers used in the vehicles, the
regulation could be defined in such a way that manufacturers take account of these WTT emissions in
their technology choices.

Vehicles with very low or no direct CO, emissions (e.g. electric vehicles or hydrogen fuelled vehicles,
further on referred to as ZEVs or zero tailpipe emission vehicles) are expected to make up a significant
part of the new registrations before 2050. In the current CO, regulation, based on the TTW emissions,
ZEVs count as 0 gCO./km. Selling such vehicles therefore lowers the effort that manufacturers have to
put into reducing CO, emissions from ICEVs (in order to meet their sales average TTW CO, target).
Since in reality CO, is emitted to generate electricity or hydrogen, the increased WTW CO, emissions
by ICEVs are not (fully) compensated by ZEVs, resulting in higher overall WTW CO, emissions. This
undesirable “WTW CO, leakage” can potentially be neutralised by introducing alternative regulatory
approaches. Obviously this effect also depends on how emissions from electricity or hydrogen
production are attributed to electric and fuel cell vehicles. As large scale energy production plants are
part of the EU-ETS, it could be argued that marginal emissions associated with additional energy
production for electric and fuel cell vehicles are zero. It appears more justified, however, to attribute
emissions to all energy consumers on the basis of average emissions, i.e. total emissions from energy
production divided by the amount of energy produced.

More generally, the challenge is to define post-2020 regulation for light duty vehicles in such a way
that the response of manufacturers to this regulation contributes towards meeting overall GHG
reduction targets in the most cost effective way.

Objectives

The main goal of this study has been to develop a framework for analysis of impacts of different
regulatory options, and to use this framework for a first indicative analysis of how the efficiency and
effectiveness of vehicle GHG regulation is affected. It will also indicate how total GHG emissions from
road transport activities will be affected by a range of different penetration scenarios for alternative
vehicle propulsion system and the use of alternative energy carriers. The framework consists of the
following elements:

o identification of relevant criteria for evaluating different options and qualitative evaluation of
different options against these criteria;

e use of a simplified model to assess impacts of varying ZEV shares and WTT emissions of
alternative energy carriers on the average WTW GHG emissions of nhew vehicles;

e use of a simplified fleet model to assess fleet wide TTW and WTW GHG emissions over a longer
time period for scenarios with varying ZEV shares and WTT emissions of alternative energy
carriers for the period 2020-2050;

e identification of pros and cons for the different metrics and regulatory options.

e evaluation of a range of relevant issues for post-2020 regulation;
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A more detailed assessment of the costs for meeting targets, defined on the basis of different
regulatory metrics, from a manufacturer, end user and societal perspective has been made in Service
Request 8 [TNO 2013].

Options for alternative metrics and regulatory approaches

The main options for metrics and approaches for regulating CO, emissions from light duty vehicles
beyond 2020, as identified by the Commission and required to be analysed in this study, are:

a. vehicle CO, emissions
e tailpipe CO, emissions as in existing Regulation (= TTW CO, emissions)
e tailpipe CO, emissions for ICEs with exclusion of Zero Emission Vehicles
o tailpipe CO, emissions with notional GHG intensity for Zero Emission Vehicles
o tailpipe CO, emissions adjusted to take account of WTW emissions (= WTW GHG
emissions)
b. vehicle energy use

e energy used in the vehicle per vehicle-km (= TTW energy consumption)
e energy use per vehicle-km adjusted for WTW consumption (= WTW energy consumption)

C. inclusion of road fuel use in the EU ETS
d. a vehicle manufacturer based trading scheme based on lifetime vehicle GHG emissions

Additional options that can be defined on the basis of other elements of the terms of reference for this
project are:

e. a cap and trade system for vehicle manufacturers, of total CO, emissions or energy
consumption of vehicles sold

f. inclusion of embedded emissions in the WTW approaches listed above

Relevant criteria and issues for comparing options

Alternatives for the current TTW CO, based regulatory approach may include a different regulatory
metric, e.g. WTW CO, emissions, TTW energy use or WTW energy use. Other possibilities for
regulatory approaches are accounting for mileage, inclusion of road fuel use in the EU ETS or
inclusion of embedded emissions. Such possibilities for regulatory approaches should preferably:

ensure net GHG emission reduction;

have a positive impact on technology development and implementation, including the metric’s
impact on the transition towards a future sustainable transport system;

be cost effectiveness from a manufacturer, user and societal perspective;

have a positive impact on energy dependence;

be compatible with other policy instruments;

be easy to implement and maintain;

be accepted by relevant stakeholders.

Many of these criteria are interconnected. Impacts on costs e.g. depend on different technology
choices which may be promoted by different metrics, and these in turn affect impacts on WTW
emissions and the extent to which a metric fosters the transition towards a longer term sustainable
transport system.

Impact of various metrics on WTW emissions

Equivalent targets

An alternative metric would require an adapted target appropriate for that metric. If the starting point is
a TTW CO, based target, as in the current legislation, the calculation of equivalent targets for
alternative metrics such as WTW CO, emission or TTW respectively WTW energy consumption
depends on the technologies that are assumed to be deployed in order to reach the TTW CO, based
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target. Definition of equivalent targets is in any case necessary for quantitative comparisons of the
impacts of different metrics.

Assuming the target is met by ICEVs only, the TTW CO, based target can be translated to the other
metrics using the TTW and WTT CO, emission values (in g/MJ) for conventional fuels. WTT CO,
emissions may change over time as function of changes in the fossil energy chains and an increasing
share of blended biofuels.

Assuming that the target is met by a mix of ICEVs and ZEVs, the new vehicles sales average WTW
CO, emissions or TTW respectively WTW energy consumption is calculated using the TTW and WTT
CO, emission values (in g/MJ) for conventional fuels, combined with the WTT emissions from the
production of alternative energy carriers and the assumed energy consumption of alternative vehicles
using these energy carriers.

For short term targets (up to 2025 or 2030) both options are generally feasible. For longer term targets
on a trajectory that is compatible with the Commission’s ambition to reduce CO, emissions from
transport by 60%, the target values can in principle not be met by ICEVs only, unless one assumes
currently unknown technologies to be available or drastic changes in the size and performance of
vehicles.

Impact of various metrics on WTW emissions of new vehicles in the target year and
interaction of technologies

For the different metrics the following two aspects were specifically investigated:

¢ the impact of the share of ZEVs and the WTT emissions of energy carriers used by these ZEVs on
the WTW GHG emission of the new vehicle fleet under different metrics;

o the flexibility under the various metrics for meeting a given target with different combinations of
improved ICEVs, shares of ZEVs and efficiency levels of these ZEVs.

Results are summarized in Table 1.
WTW CO, leakage with increasing ZEV shares

With respect to the first aspect it can be concluded that the “WTW CO, leakage” as function of an
increasing ZEV share under a TTW CO, based metric is most pronounced in the medium term, with
the ZEV share becoming significant while WTT emissions of their energy carriers are still relatively
high. A WTW CO, based metric obviously safeguards against “WTW CO, leakage” as function of an
increasing ZEV share.

A TTW energy based target can be considered to solve the problem of “WTW CO, leakage” as
observed in a TTW CO, based metric, as WTW emissions decrease rather than increase with an
increasing share of ZEVs if WTT emissions of these ZEVs are sufficiently low. A WTW MJ/km based
metric shows similar behaviour. Whether WTW CO, emissions under this metric are more sensitive to
variations in the share of ZEVs and their WTT emissions than under a TTW MJ/km based metric
depends on the relation between WTT GHG emissions and WTT energy consumption. This relation is
not straightforward. An increased share of renewables leads to lower WTT emissions and energy
consumption, but the application of CCS on fossil fuelled power plants lowers WTT emissions while
increasing WTT energy consumption. For a WTW M/km based metric in the medium to long term the
sensitivity to variations in the actual share of ZEVs do appear less pronounced than for a WTW CO,
based metric.

Using a TTW CO, based metric with notional WTT factors for ZEVs reduces the “WTW CO, leakage”,
but introduces similar sensitivities with respect to the technology mix (see next paragraphs) as a WTW
CO, metric.

Flexibility with respect to the technology mix for meeting a target
The analyses also clearly show that there is hidden complexity attached to all metrics when applied to

a single target for the average performance of the entire new vehicle sales. This complexity becomes
apparent especially in the longer term.

m ;g'r‘fi}':ﬁo" Framework Contract on Vehicle Emissions 5
ENV.C.3/FRA/2009/0043, Service Request #4



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

A single target offers inherent flexibility and room for internal averaging by manufacturers with respect
to distribution of reduction efforts over models and segments and the choice of advanced conventional
or alternative technologies for meeting the target. In the short term a lot of combinations of improved
ICEVs and ZEV-shares can lead to the same average performance on a given metric. In the medium
to long term, however, targets need to be set so low that they can no longer be met by improvements
in conventional technologies alone. The contribution of alternative technologies, specifically of zero
tailpipe emission technologies (ZEVs), to meeting a target is determined by their share in the new
vehicle fleet and their performance under a given metric.

Setting targets that are beyond what is technically feasible with conventional cars requires
assumptions about feasible market shares of new ZEV technologies. Under a given TTW CO, based
target, variations in the share of ZEVs can only be compensated by adjustments of the efficiency of the
remaining share of conventional vehicles. If in the longer term the remaining share of ICEVs becomes
very small, and ICEVs are already at or near the end of their improvement potential, the room to
compensate for ZEVs not meeting their expected market share becomes extremely limited. Under
TTW or WTW energy based targets and under a WTW CO, based target variations in the share of
ZEVs can also be compensated by adjustment of the energy efficiency of these ZEVs. The room for
that, however, is expected to be much more limited than the current improvement potential for ICEVS,
as e.g. electric powertrains already have a high energy efficiency.

Table 1 Summary of results of the evaluation of sensitivities of different metrics
TTW TTW GHG
Metric GHG with notional WTW GHG TTW energy WTW energy

GHG intensity

ICEVs | ICEVs + | ICEVs ICEVs ICEVs ICEVs ICEVs ICEVs
only ZEVs only + ZEVs only + ZEVs only + ZEVs

Sensitivity of WTW emissions to WTT electricity GHG intensity

2020 + + + 0 o] i + +/0 +/o
2030 +++++ +++++ +++++ 0 o +++++ +++++ +++++ +++++
2050 + + + 0] o] + + + +

Sensitivity of WTW emissions to ZEV share

FHttt | At | ARt | At

2020 +++++ +++/0 +++/0 o o
@) @) @) Q)

2030 4+ +++/0 +++/0 5 o +++++ +++++ +++++ +++++
) @) @) @)

2050 + +/o +/o @ o Fttt | bttt | At | At

@) @) () @)

Sensitivity of ICE TTW emissions to ZEV share

2020 +++ £ ++ + + +++ +++ +/o +/o
++

2030 +++ ++ ++ ++ ++ +++ +++ ) +
+++++ +++++

2050 +++++ +++++ +++++ +++++ +++++ ) +++++ ) +++++

0 = not sensitive

+ = weak sensitivity

+++ = moderate sensitivity

+++++ = strong sensitivity

O] sign of sensitivity reversed compared to TTW GHG based metric
score in red means that case is not realistic
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Impacts of different metrics on emissions and energy consumption at the fleet level

The effects of applying the different regulatory metrics on the WTW CO, emissions on fleet level
depend highly on the assumed fleet composition and the WTT emissions of the energy carriers that
have a high share in the fleet. In the EC’s White Paper on transport (the basis for this analysis), high
shares of (PH)EVs are assumed to be introduced from 2030 onwards and WTT CO, emissions are
assumed to decrease significantly. Based on these assumptions, the WTW CO, emissions will
decrease rather rapidly towards 2050. Moreover, the WTW CO, emissions are similar for the various
fleet compositions and metrics assessed. Greater variations in fleet composition and WTT emissions
than assessed in this study are likely to result in more divergent WTW CO, emission trends towards
2050. Such deviating scenarios are assessed in more detail in Service Request 8 from a cost
effectiveness point of view.

Pros & cons of different options

Tailpipe CO, emissions as in existing Regulation

From 2025 or 2030 onwards a significant share of new registrations may be expected to (partly) use
electricity as energy carrier. As a result, the WTW emissions will vary strongly with the actual WTT
emissions from electricity production. This is caused by the high share of EVs on the one hand and the
significant WTT emissions from electricity production on the other hand. Although the share of EVs
further increases towards 2050, the sensitivity of WTW emissions to variations in WTT emissions from
electricity production decreases, as a result of the fact that these emissions are becoming very small.
Obviously, higher WTT emissions from electricity generation would lead to a larger impact of the
introduction of EVs to average new vehicle WTW CO, emissions under a TTW CO, based target.

Pros:

e Focus on CO, implies that the goal of contributing to CO, reductions is more likely to be achieved.

e Tight targets promote a more rapid transition to alternative energy carriers with low TTW emissions
(electricity and hydrogen).

e Similar approach currently used in the US, Japan and other regions worldwide.

e This regulatory approach is currently generally accepted by vehicle manufacturers and automotive
industry.

Cons:

e Vehicles with zero TTW emissions are overstimulated if overall goal is to reduce WTW emissions.

e Upstream emissions continue to be ignored.

e Increasing the share of vehicles with zero TTW emissions such as EVs and FCEVs to meet the
TTW target leads to increase in WTW emissions compared to the situation where the target is met
without zero TTW emission vehicles or with a lower share of ZEVs.

e Overstimulates electric and hydrogen vehicles in comparison with other, possibly more cost-
effective CO, reduction options.

e Provides no incentive for efficiency improvement for zero TTW emission vehicles

e Does not provide intrinsic credits for biofuel vehicles.

Tailpipe CO, emissions for ICEVs with exclusion of Zero Emission Vehicles

Under this metric the energy efficiency and CO, emissions of ICEVs are not affected by the share of
EVs nor by the assumed WTT GHG emissions of electricity production. The impact of an increasing
share of EVs (or other alternative vehicles) on new vehicle average WTW emissions depends on the
assumed targets for ICEVs, the efficiency of the alternative vehicles and the WTW GHG emissions of
the various energy carriers. For this metric average WTW emissions are expected to decrease with an
increasing share of EVs in all target years, even if the WTT emissions from electricity production would
be significantly higher than what is assumed in the White Paper.

Pros:

e Targets for conventional vehicles are not compromised by introducing other technologies. This
option avoids the leverage by zero-emission vehicles on the overall average WTW emissions.
e Focus on CO, implies that the goal of contributing to CO, reductions is more likely to be achieved.
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Cons:

It is not a fundamental long term solution.

Does not promote the transition to low-carbon or renewable energy carriers.
Provides no incentive for efficiency improvement for zero TTW emission vehicles
Does not provide intrinsic credits for biofuel vehicles.

Tailpipe CO, emissions with notional GHG intensity for Zero Emission Vehicles

Under this metric ZEVs count towards the target on the basis of their energy consumption multiplied by
notional WTT emission factors for the energy carriers used. These notional factors do not necessarily
need to reflect the actual WTT emissions.

If the equivalent target, for the option of using notional WTT emission factors for ZEVs, is based on the
assumption that the TTW CO, target is met by ICEVs only, the target for this alternative metric is equal
to the original TTW CO, target and does not vary with the assumed notional WTT emission factor for
ZEVs. For a given share of ZEVs, the TTW emissions of ICEVs decrease with increasing notional WTT
factor for ZEVs. The TTW emissions of ICEVs still increase with an increasing share of ZEVs, but this
increase is less for higher notional WTT emission factors.

The use of notional WTT factors makes the average WTW emissions of new cars less sensitive to
changes in the share of ZEVs. The impact of EVs on average WTW emissions is completely cancelled
if the notional WTT factor is based on the actual WTT factor of electricity generation divided by the
WTW/WTT factor for conventional fuels.

For 2030 and 2050 the impact of the share of ZEVs on the TTW emissions of ICEVs is quite
significant. For 2050, if the share of EVs is low, the TTW emissions of ICEVs need to be reduced to
levels that cannot be reached by presently known technologies and existing vehicle configurations.
The TTW emissions of ICEVs is especially sensitive for ZEV shares that are higher than expected
value. In 2030 and 2050 a 10% higher share already brings the TTW emissions of ICEVs back to
levels compatible with the 2020 target of 95 g/km.

If the equivalent target is based on the assumption that the TTW CO, target is met by a mix of ICEVs
and ZEVs, the target for this alternative metric increases with an increasing notional WTT emission
factor for ZEVs. As a result for a given ZEV share the TTW emissions of ICEVs are not affected by the
assumed notional WTT factor for ZEVs. Consequently the assumed notional WTT factor for ZEVs
does not affect the average WTW emissions of new cars. This means that this alternative metric does
not reduce the adverse impact of ZEVs on the new vehicle average WTW emissions, if the equivalent
target is based on the assumption that the TTW CO, target is met by a mix of ICEVs and ZEVs.

Changes in the actual share of ZEVs compared to what was assumed for setting the equivalent target
still affect the new vehicle average WTW emissions. If the actual share of ZEVs is higher than the
value assumed for setting the equivalent target, the use of notional WTT factors will lead to lower
WTW emissions than in the case of the TTW CO, based target. However, if the actual ZEV share is
lower than the assumed value, this alternative metric leads to higher WTW emissions. This presents a
realistic danger that this alternative metric, in combination with setting the equivalent target based on
an assumed share of ZEVs, actually enhances the problem it is intended to solve. This danger is most
prominent for the medium term.

The sensitivity of the TTW emissions of ICEVs for different notional WTT factors as a function of the
share of ZEVs is the same as for the case when the equivalent target is based on 100% ICEVs, but
centres around the assumed ZEV share rather than around 0% ZEVs. Again the TTW emissions of
ICEVs increase less with an increasing share of ZEVs for higher notional WTT emission factors.

Pros:

e Focus on CO, implies that the goal of contributing to CO, reductions is more likely to be achieved.

e Under the condition that WTT and/or WTW/TTW factors are chosen correctly this method avoids
the problem that an increased share of zero TTW-emission vehicles leads to increased WTW
emissions.
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e Notional WTT and/or WTW/TTW factors do not need to be very exact (i.e. true WTT factors) and
do not require a complex monitoring system.

Cons:

e Requires definition of, and agreement on, notional WTT and/or WTW/TTW factors.
¢ OEMs might oppose it arguing that they are not responsible for these WTT emissions.
e More frequent updates of WTT factors would make planning more difficult for OEMs.

Tailpipe CO, emissions adjusted to take account of WTW emissions

A WTW GHG based metric effectively makes the average WTW emissions of new vehicles insensitive
to the WTT emissions of ZEVs and to the share of ZEVs that is used to achieve the target.

Changes in the share of ZEVs or their WTT emissions, compared to what was assumed in setting the
WTW:-based target, need to be compensated by changes in the energy efficiency of ICEVs or ZEVs.
Especially in the longer term these parameters become very sensitive to small variations of the share
of ZEVs or their WTT emissions from the assumed values.

Pros:

e Focus on GHG emissions.
e Focus on the most important parameter with respect to world-wide climate impacts.
e Technology neutral.

Cons:

e Determining actual WTT and/or WTW emission factors requires complex monitoring system.

¢ OEMs might oppose it arguing that they are not responsible for these WTT emissions.

e Using actual WTW or WTT emission factors, or very frequent updates of these factors, would
make planning more difficult for OEMs.

Energy used in the vehicle per vehicle-km

If the equivalent target, for the option of using a TTW energy based metric, is based on the assumption
that the TTW CO, target is met by ICEVs only, ICEVs by 2050 need to have negative energy
consumption to meet the target when the fleet 2050 contains a significant share of ZEVs. This is
because the TTW energy consumption of ZEVs is higher than the fossil fuel consumption that
corresponds to a level of TTW CO, emissions per kilometre that would be consistent with meeting the
2050 target for the transport sector as defined in the European Commission’s white paper [EC 2011].
Therefore it is necessary to determine the equivalent target on the basis of the assumption that the
target for TTW GHG emissions is met by a mix of ICEVs and ZEVs, for a TTW energy consumption
based target.

If the equivalent target is based on the assumption that the TTW CO, target is met by a mix of ICEVs
and ZEVs, ZEVs still have a leverage on the emissions of ICEVs, leading to increasing WTW
emissions as a function of the WTT emissions from electricity generation for a given share of ZEVs.
The sensitivity is exactly the same as for the TTW GHG emission based target. Also in this case
average WTW emissions decrease with an increasing ZEV share. If the ZEV share equals the value
on which the equivalent target is based the WTW emissions under the TTW energy based metric equal
those under the TTW GHG emissions based target. To meet the target in 2050 with low levels of ZEVs
still requires very efficient ICEVs, more efficient than is currently foreseen possible with existing vehicle
configurations and specifications, but the required values stay positive.

The sensitivity to the share of ZEVs is reversed and somewhat smaller in case of a TTW energy based
target.

Going to a TTW energy-based metric may therefore in the short term somewhat reduce the impact of
ZEVs on the net WTW emissions achieved by the regulation, but certainly in the longer term cannot be
considered a fundamental solution for the problem identified with the TTW CO, based metric.
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Pros:

e Reduces the overstimulation of electric and fuel cell vehicles and other vehicles with zero TTW
emissions.
e Reduces the leverage of zero TTW emission vehicles on WTW emissions.

Cons:

e |If the goal of a TTW energy-based regulation would be to improve TTW energy efficiency, this
option can be considered technology neutral. If a TTW energy-based regulation is implemented
with the overall aim to reduce WTW CO, emissions, this option can be considered not technology
neutral in the sense that the energy efficiencies of ICEVs and various ZEVs do not necessary
reflect their respective contribution to reducing WTW CO2 emissions. Electric propulsion
intrinsically has about a factor 3 better energy efficiency than a conventional powertrain with an
internal combustion engine, but their WTW emissions are largely determined by the WTT
emissions of electricity generation.

e Does not fundamentally solve the issue of TTW CO,-based regulation. For WTT emission values
that are above a certain value the WTW emissions still increase with increasing share of EVs or
FCEVs compared to when the target is met without ZEVs.

e Focus on energy efficiency could reduce effectiveness of achieving reduction goal with respect to
WTW GHG emissions.

Energy use per vehicle-km adjusted for WTW consumption

If the equivalent target, for the option of using a notional WTT emission factor for ZEVs, is based on
the assumption that the TTW CO, target is met by ICEVs only, the (2050), ICEVs need to have
negative energy consumption to meet to the target. Therefore it is necessary to determine the
equivalent target on the basis of the assumption that the target for TTW GHG emissions is met by a
mix of ICEVs and ZEVs, for a TTW energy consumption based target.

If the equivalent target is based on the assumption that the TTW CO, target is met by a mix of ICEVs
and ZEVs, the sensitivity of the average WTW emissions of new vehicles to variation in the WTT
emissions from electricity production is most pronounced in 2030, while negligible in 2020 and very
small in 2050.

The WTW emissions of new vehicles go down with increasing shares of ZEVs for a WTW energy
consumption based metric. In this case, however, the sensitivity of the TTW energy consumption of
ICEVs and EVs deserves further attention.

If the

For 2030 the end of the reduction potential for ICEVs may come into sight. In that case smaller shares
of ZEVs than assumed for the equivalent target, would require significant efficiency improvements in
ZEVs for the target to be met.

In 2050, if the efficiency of ZEVs is assumed constant, the energy consumption of ICEVs is particularly
sensitive if the ZEV share is higher than assumed for the target and quickly rises to levels above those
needed to meet the 95 g/km target in 2020. In case the efficiency of ICEV is assumed constant, the
energy consumption of ZEVs needs to reduce drastically if ZEV shares are below the level assumed
for setting the equivalent target.

Pros:

e Promotes overall resource efficiency.

e Improves impact relative to option bl with respect to reducing the leverage of zero-emission
vehicles.

e Promotes energy efficiency in vehicles running on alternative energy carriers.

Cons:

e Comparing primary energy use of fossil and renewable sources is an “apples & pears”
comparison. Fossil sources are finite.
e WTW energy consumption does not correlate with WTW GHG emissions.
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e Not technology neutral in case of overall sales average target, due to intrinsic differences in WTW
energy efficiency of various propulsion systems.

e Focus on energy efficiency could reduce effectiveness of achieving reduction goal with respect to
WTW GHG emissions.

Inclusion of road fuel use in EU ETS

Under the currently active EU Emissions Trading Scheme (ETS), CO, emissions of large emitters, e.g.
the vast majority of the electricity and hydrogen production, are capped on a national level. However
as the share of CO, emissions from electricity and hydrogen production for transportation purposes is
small relative to the total CO, emissions from these industries, the marginal CO, emissions (and
therefore also the costs) of these industries resulting from the increased use of these energy carriers in
transportation is expected to be small. As a result, this extra demand may not be a sufficient incentive
for these industries to reduce CO, intensities. A way to account for WTT emissions may therefore be
an important instrument to effectively reduce the total CO, emissions from transportation.

In case road fuel use is included in EU ETS, the uptake of ZEVs depends on the CO, price itself as
well as on the difference in vehicle costs and energy costs of these ZEVs compared to ICEVs, which in
turn depend on the extent to which the CO, price stimulates further efficiency improvement in ICEVs.

The main disadvantage of including road transport in the existing ETS, is that the current CO, price is
very low and that this will —at least for the short to medium term— not be significantly affected by the
addition of the transport sector. A CO, price of 15 €/tonne translates into a fuel price increase of 0.04
€/litre. This will not have a significant impact on driving and purchasing behaviour. A CO, price of at
least 100 €/tonne (or 0.25 €/litre) would be needed before significant impacts on energy efficiency and
choice of energy carriers in the transport sector can be expected.

Pros:

e Theoretically economic instruments such as a cap & trade system promote the most cost effective
reduction options.

e The advantage of a cap & trade system over a CO, tax is that the target is set and the CO, price
follows from the reductions that are necessary to meet the target. With a CO, tax, the price
incentive is given but the total CO, emission reduction is uncertain.

e Technology neutral.

Cons:

e At current CO, prices under EU-ETS the impact on fuel prices is very small.

¢ Recent evidence from the Commission’s Impact Assessment shows that achieving the 2020 LDV
targets has a negative cost for consumers and society and that further reductions beyond those
targets are also possible at negative cost. This illustrates the existence of some market barriers to
achieving economically optimal levels of GHG reduction and fuel efficiency for LDVs which would
also inhibit the effective operation of a market instrument.

e A cap & trade system does not automatically stimulate timely action that is required to get longer
term, transitional options (such as EVs) implemented.

e No significant CO, emission reduction in the transport sector is guaranteed (since it may be
possible that the CO, cap is reached by implementing reduction measures in other economic
sectors).

A manufacturer-based trading system based on lifetime GHG emissions or a cap &
trade system for vehicle manufacturers based on CO, emissions

If a manufacturer-based trading scheme is implemented in addition to a manufacturer-based target
with one of the above metrics, it is not expected to directly affect the net impact on average WTW
GHG emissions. The fleet average target set in the applied metric will be reached with or without
trading, but in case of trading the costs for meeting the target may be smaller. Indirect impacts on the
WTW GHG emissions only occur if the metric is not WTW GHG emissions and in that case depend on
the choice of technologies for meeting the target.
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In the medium term, when large-scale application of ZEVs is not necessary for meeting the target, the
option of trading may in fact slow down their introduction as it allows some manufacturers to avoid
application of ZEVs for meeting the target and instead to buy credits from other manufacturers that
have less difficulty in meeting their target by further improvements in ICEVSs.

If the metric is TTW CO, based, trading does not solve the leverage between the share of ZEVs and
the emissions of ICEVs. Manufacturers selling ZEVs can still increase the TTW emissions of the
remaining ICEVs they sell. Using lifetime GHG emissions rather than g/km emission may somewhat
alleviate the leverage if the lifetime mileage of ZEVs is smaller than that of ICEVSs, but is this only to be
expected for EVs. In any case it will be difficult to predict lifetime mileage for technologies that are not
yet applied in the market at large scale and in a mature way.

Pros:

e Overall cap on total vehicle CO, introduces joint responsibility of OEMs and shared interest in
reducing CO,. This could encourage more collaboration.

¢ Not only targets vehicle efficiency / CO, emissions but also total sales, and thus avoids market
growth leading to increased emissions.

Cons:

e Makes the engineering target for vehicle efficiency very dependent on economic / market
fluctuations (i.e. total sales of passenger cars).

Inclusion of embedded emissions in WTW approaches

Including embedded emissions in the metric only affects the impact of ZEVs on the average WTW
GHG emissions of new vehicles if embedded emissions of ZEVs differ significantly from those of
ICEVs. There is evidence for EVs and PHEVs that this is the case. As such the purpose of this metric
is to avoid possible undesired rebound effects on global GHG emissions through increased embedded
emissions resulting from the increased uptake of ZEVs that may be promoted by vehicle regulation.

Pros:

e Provides incentive for manufacturers to take account of differences in embedded emissions for
different technologies in planning product portfolio.

Cons:

e As with WTT emissions and lifetime mileage some may argue that OEMs do not have full control
over embedded emissions. This is mainly true for components they buy from suppliers.

Combining different options and e.g. size or mileage weighting

Using lifetime GHG emissions rather than g/km emission may somewhat alleviate the leverage
between the efficiency of ICEVs and the share of ZEVs, if the lifetime mileage of ZEVs is smaller than
that of ICEVs, but this is only to be expected for EVs. In any case it will be difficult to predict lifetime
mileage for technologies that are not yet applied in the market at large scale and in a mature way.

Inclusion of mileage weighting should mainly be considered an option for more cost-effectively dividing
the applied CO, reduction technologies over different vehicle segments which may have different
lifetime mileages.

Pros:

o Lifetime mileage-weighting corrects for fact that some technologies or size segments have longer
vehicle lifetime and mileage than other, so that 1 g/km reduction in one segment has more/less
impact on total GHG emissions than 1 g/km reduction in other segment.

Cons:

o Lifetime mileage figures need to be established. These are different per manufacturer, per country
and vary over time. So difficult to reach consensus.

e As with WTT emissions some may argue that manufacturers have no control over how much is
driven with the cars they sell.

m ;g'r‘fi}':ﬁo" Framework Contract on Vehicle Emissions 12
ENV.C.3/FRA/2009/0043, Service Request #4



) : GLOBAL = , TRANSPORT & MOBILITY
TNO ;o IR () oen cepert _SKBpol ) AEA

Other considerations

e To increase acceptance the metric should be primarily linked to parameters that are influenced by
the regulated entity.

o By some stakeholders WTT based approaches are considered problematic for OEMs, who
would be regulated (and potentially penalised) on the basis of a metric that is considered
be partly out of their control due to the WTT factor. This, however, is a matter of
interpretation. In a WTW-based metric manufacturers are not made responsible for the
WTT emissions, but in the planning of their product portfolio they are made responsible for
taking account of the fact that (different) energy carriers have (different) WTT emissions.

e For the automotive industry predictability of specific targets for individual OEMs is extremely
important.

o Including WTT emissions or energy consumption may reduce predictability of the target,
especially if WTT factors are based on monitoring of actual emissions. WTT factors need
to be updated regularly to match trends in the energy system, but the frequency of the
updates is crucial for the predictability of the targets.

o Predictability is improved if those elements in the legislation that OEMs cannot influence
(specifically WTT emission factors for fuels/electricity in the EU or a certain country) are
the same for all manufacturers and determined well in advance to allow product portfolio
planning by OEMs in response to periodic changes in these elements.

e The acceptability of WTT factors included in the legislation strongly depends on the methodology
used to determine these factors. Agreement on the monitoring mechanisms implemented to
assess WTT factors is thus an important factor in increasing acceptance of WTW-based metrics.

o This aspect is especially relevant if LCA aspects (embedded emissions from the
production and decommissioning phases) would be included in the metric.

Other relevant issues for post 2020 regulation

Combining different options and inclusion of additional modalities

The CO, regulation for passenger cars is part of a broader package of climate-related policies in
transport. The EU-ETS, FQD and RED are the main EU-policies with which this regulation interacts.
The recent Commission proposal for a directive on the deployment of alternative fuels infrastructure
also has the potential to be an important addition to this package. On a national and even
regional/local policy level there is a relationship with vehicle and fuel taxation, and in some cases with
road charging, city access or parking policies.

Looking at the decarbonisation of transport, various reasons can be identified to have various related
policies in place, rather than one overarching policy or several separate, unrelated policy measures.
There are quite a number of stakeholders involved in this transition, and these all have to move
towards the same direction, in a coordinated way. Some actions, for example R&D of batteries for
electric or hybrid electric vehicles and biofuels production processes for woody biomass streams need
to be carried out first, before an option is mature enough for large scale market take-up. Car
manufacturers need to develop and market vehicles that run on these low-carbon energy carriers. The
power sector (or local governments) will need to provide charging points, oil companies need to put
new fuels on the market. Consumers will have to get used to the new technology. Governments (partly
EU, partly national) will have to develop the necessary technical standards, and provide effective
incentives to support these developments and a robust policy framework to provide the right boundary
conditions for the market.

Vehicle emissions regulations specifically target the car manufacturers, and can thus be an effective
means to drive developments in that sector and to make sure that efficient vehicles are offered.
Combining this with a range of other policies, directed at other stakeholders and promoting the longer-
term R&D efforts, can then make sure that required infrastructures are implemented in time and that
customer demand is stimulated, thus increasing the longer term effectiveness of the emission
regulations.

Interaction between CO; regulation and the FQD and EU-ETS

There is an interaction between the CO, regulation for cars and vans and other EU policies, and this
interaction is likely to increase if WTW emissions of the fuels and other energy carriers are to be
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included in the regulation. Especially the FQD, RED and EU ETS are relevant policies in this respect.
First of all, these policies have an impact on the WTW emissions of the various energy carriers, as
they can be expected to reduce these emissions over time. In addition, the FQD and RED both provide
additional incentives for electric cars, although this impact is currently considered to be very limited.
The ETS may hamper the uptake of electric cars to some extent, as it adds a CO, price on electricity
production. If electricity demand of the transport sector increases, there is a risk that this will increase
the CO2-price if the emission cap of the ETS is not adapted accordingly. This impact is, however,
considered to be limited.

Alternatively the emission regulation will also impact these policies, as it may help to bring the vehicles
on the market that use low-carbon energy carriers such as electric cars. This will contribute to both the
FQD and the RED targets. It will also impact the ETS, as it may increase the price of CO, emission
allowances once the electricity demand increases, unless the ETS cap is increased accordingly over
time. In the short to medium term, these impacts are expected to remain very limited.

In addition, it is worth noting that if the metric in the vehicle regulation is changed, a number of national
policies can be adapted as well. For example, vehicle taxation is often based on the CO, emissions of
cars as measured during type approval. If these would be based on WTW emissions of the energy
carriers, their effectiveness would improve.

Regarding potential issues of double counting or double regulations, it is concluded that a WTW
approach of the CO, regulation would not create significant risks or negative side effects. This policy
would affect car manufacturers only and does not interact with other policies that affect this group of
stakeholders. Care should be taken, though, that in national and EU statistics, the well-to-tank
emissions and energy use of the transport fuels and energy carriers are not counted towards more
than one sector.

Greenhouse gases to be included
The importance of including TTW emissions of GHGs other than CO, in the regulatory approach

The principal focus of this part of the assessment is to identify and quantify the emissions of all GHGs
that the IPCC recommend should be included in the GHG inventory, for a range of powertrains and
energy carriers. From the ratio of the GHG emissions/CO, emissions it was assessed whether there is
a need to include the GHGs other than CO, in the coverage of the regulatory approach.

The GHGs included in the study were:

e carbon dioxide (CO,) because it is the metric for the current regulatory approach, and

e nitrous oxide (N,O) and methane (CH,) because the IPCC guidelines for national GHG inventories
specify that these are the species that are important and should be included.

The emissions of the non-CO, GHGs generally occurs together with CO, emissions. Their ratio
remains virtually constant for a given vehicle principal powertrain technology and exhaust clean-up
combination. Consequently, improvements in the efficiency of the ICE, or the addition of hybrid
technology, is to first order expected to lead to equivalent reductions in both the CO, emissions and
the non-CO, emissions.

The main conclusions from this analysis can be summarized as follows:

e There is no need for the coverage of the regulatory approach post 2020 to include the GHGs used
in MACS unless it is found that changes to the powertrain / primary energy carrier technology mix
would change the MAC systems used or their performance.

e There is no need for the coverage of the regulatory approach post 2020 to include TTW emissions
of non-CO, GHGs from ICEVs using carbon-based liquid fuels because they are a small fraction of
CO, emissions (<2% for Euro 4) and are potentially going to reduce further following the
introduction of the Euro 6 emission standards.

e An exception may be necessary for natural gas (methane) fuelled vehicles if the technology
becomes more widespread, to ensure that the additional potential GHG emissions of methane are
not a significant proportion of the CO, emissions. Methane emissions are already measured and
regulated in the most recent type approval regulation.
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e The need to extend the regulatory approach post 2020 to include non-CO, GHGs from vehicles
using either HCCI or high levels of SCR should be reviewed if, or when, the technology becomes
more widespread.

WTW GHG emissions for different vehicle technologies and energy carriers

The above considerations relate to the TTW emissions of vehicles. If the metric for future CO,
regulation would be changed to cover WTW CO, emissions, the inclusion of non-CO, is definitely
necessary, as for some fuels (e.g. biofuels) these constitute a significant share of the WTT GHG
emissions. In energy chain analyses (WTT or WTW analyses) it is, however, already common practice
to include all relevant GHGs.

Implications with regard to vehicle testing and certification procedures

For most of the potential future metrics covered in this study, no changes in the vehicle testing
procedure are required as long as certain key parameters are measured. These measurement
parameters are then combined with other external input data into the relevant calculation. This ‘post
test’ calculation can be dealt with separately to the test procedure itself. Nevertheless it could make
sense to have the additional WTT and other information also on the TA certificate as this better allows
vehicle to vehicle comparisons, e.g. for the purpose of labelling.

The key test-related measurement parameters are:

1. Tailpipe CO,

2. Fuel consumption

3. Battery electrical balance (from measuring battery electrical current during test)
4. Electrical energy consumption

Choice of utility Parameter
The survey of the impacts of new technologies on the value of possible utility parameters concluded:

e The vast majority of CO, emissions reduction technologies lead to increases in mass in running
order, the exceptions being light-weighting and improved aerodynamics;

e The combined effects of measures is to lead to a net increases in mass in running order because
the mass increase due to EVs / HEVs / PHEVs is larger than the max reduction due to light-
weighting (the BEV or PHEV + strong light weighting leads to a net mass increase of around 180
kg);

e Also, mass in running order as the utility parameter disincentives the use of light weighting
because it reduces the cost effectiveness of applying weight reduction;

e The vast majority of CO, emissions reduction technologies lead to no change in footprint;

e Whilst there is very little evidence it is most likely that height too will be unaffected by the vast
majority of CO, emissions reduction technologies. This when combined with the above conclusion
that footprint too will broadly remain constant, leads to the conclusion that internal vehicle volume,
or footprint x height, is also anticipated to remain constant.

Overall it is expected that the choice of utility parameter, whether mass in running order or footprint
could influence the choice of vehicle technologies that might be used. Mass in running order, is an
incentive for the adoption of electric vehicles, because they are heavier and have a higher CO,
emissions target than their ICE counterparts, and is a disincentive for strong light-weighting. In part,
this could be mitigated with adjustments to the value of My in the target function, but care needs to be
taken regarding how equable this is for different manufacturers, particularly those not producing
electric vehicles. Having footprint as the utility parameter, on the evidence currently available,
generally circumvents these distortions, and appears to be more technology neutral.

In view of the above the following reasoning could be developed: The use of an adjustable Mg in the
target function is intended to correct for autonomous mass increase resulting from market trends or
OEMs adding luxury features to vehicles. It was not introduced in view of mass effects of new
technologies. Selecting a utility parameter U that is not affected by new technologies makes that U,
only has to be changed to compensate for autonomous market effects. This reduces the chance that it
will have to be changed and as such increases planning certainty for OEMs regarding their target.
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Moreover, it avoids undesired “distributional” impacts on OEMs with different technology strategies.
This could be a powerful argument in favour of moving away from mass in the longer term.

Border between van and car legislation

Four approaches have been evaluated as options for combining the regulation for passenger cars and
vans:

e Approach 1: Having a different approach for Class | & Il vans and Class lll vans, and a combined
target for passenger cars and the smaller vans;

e Approach 2: 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;

e Approach 3: 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;

e Approach 4: 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 considered feasible for mass as utility parameter. However, due to the large difference
in sales volumes between passenger cars and Class | & Il vans, combined target function will be
dominated by the passenger car data. A target function derived for passenger cars and Class | & Il
vans together based on a constant reduction compared to the fit through the combined data, leads to
targets for the Class Il vans that are tougher than for the lighter Class | vans. A flattened slope of the
target line, as is applied to the present target for passenger cars, would further enhance this
unbalance. Depending on their division of sales over class | and class Il vans, this could lead to
uneven burden sharing among manufacturers of these LCVs. When footprint would be used the target
function describing the combined target would lead to distances to target for large passenger cars that
cannot be overcome with the available reduction potential, while for small passenger cars hardly any
or no reductions would be required.

Approach 2) 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. 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. This condition is not
satisfied for the existing cars and vans targets for 2020. The marginal costs for vans are much lower
than for cars. Allowing pooling of the cars and vans targets would thus lead to average CO, emissions
for vans in 2020 that are significantly below the currently established 2020 target of 147 g/km, while
the average for passenger cars would only be slightly increased above 95 g/km. Pooling on the basis
of sales and mileage weighted CO, emissions, instead of sales weighted 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 3) 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
likely to “hit the ceiling” of the cost curves.

The main problem with approach 4) 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
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:

e the EU27 passenger car sales are 9 to 10 times larger than the sales of light commercial vehicles;
e 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;
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e not all manufacturers sell both passenger cars and vans. and even among those that do the
proportions are very different.

All in all approaches 1) and 2) appear the most feasible, provided that mass is used as utility
parameter. 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.

Impacts of changes in operating cost on overall use and total GHG emissions

The introduction of new (fuel-efficient) technologies could change the cost and cost structure of
passenger cars. It seems likely that usage cost will then reduce and car purchase cost increase. The
impact of these changes in the cost structure of passenger cars on transport demand and overall GHG
emissions are rather uncertain. On the one hand, decreased usage cost may increase the usage per
vehicle. But the increased purchase cost, on the other hand, may reduce car ownership which reduces
total transport demand. Particularly the evidence on the latter impact is scarce, as a consequence of
which it is difficult to determine the net impact on transport demand and overall GHG emissions. A first
expert guess provided by [Smokers et al. 2012] indicates that on the longer term (2020 and beyond)
the impact of decreased car ownership on total transport demand is larger than the increased usage
per vehicle, resulting in a net decrease of car usage and overall GHG emissions. This would imply that
these indirect (knock-on) effects would strengthen the direct GHG effects of vehicle CO, regulation.

As is shown in this chapter, the choice of metric may affect the likelihood and size of the impact on
transport demand. Most alternative metrics result in smaller (or maybe even negative) reductions in
total transport demand and hence less positive knock-on effects in terms of GHG emissions. An
exception is the mileage weighting which may result in a more GHG emission reduction.

Although the likelihood and size of the impacts of vehicle regulation on transport demand are still
rather uncertain, it is important to consider them from the start of developments, as these may largely
affect the effectiveness of this policy option. In that case potential supporting policy instruments could
be considered, like for example economic instruments.
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1 Introduction
1.1 Background

A very important and challenging goal of the European Union is to reduce greenhouse gas emissions
until 2050 by 80% relative to 1990. In order to achieve this goal, increasing GHG constraints are
required in every sector of the economy. Transport is one of the main CO, emitting sectors in Europe,
and the only one that continues to grow substantially. Since road transport is responsible for the
majority of the overall transport emissions, regulations have been adopted for the purpose of reducing
CO, emissions from passenger cars and light commercial vehicles.

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 (EC)
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. A
similar regulation has been implemented for light commercial vehicles (Regulation (EU) 510/2011),
setting a target of 175 g/km for 2017 and of 147 g/km for the year 2020. Both regulations are currently
undergoing amendment in order to implement the 2020 targets. In July 2012 the European
Commission published their proposals for the modalities for implementation of these targets for
passenger cars (COM(2012) 393) and vans (COM(2012) 394). Implementation of new technologies
and improvements of existing technologies are the main instruments for a manufacturer to achieve
these CO, emission goals.

In terms of technological decisions and pathways chosen to meet the targets set in such GHG
constraining regulations for motorised road vehicles, it is important that these should have a positive
effect on the total amount of CO, emissions over the total energy chain. Also choices made by
manufacturers to meet short term legislative targets should as much as possible contribute to the
transition towards a sustainable mobility system meeting long term GHG emission targets. Current
CO, legislation for road vehicles is regulating only tank-to-wheel (TTW) emissions and is therefore
ignoring the effect of upstream emissions from the point of view of transport technology choices, and is
therefore likely to be sub-optimal from an overall CO, emission perspective.

Specifically for transportation, the European Commission has stated the objective to cut Europe's
carbon emissions in transport by 60% by 2050 [EC 2011]. While this ambition is defined on the level of
‘total sectoral emissions’ according to IPCC definitions (Figure 1a, with the direct emissions of biofuels
counting as zero), the current vehicle emissions regulations as referred to above, are defined on the
level of “Type approval TTW’ (where CO, emissions of biofuels are about the same as of petrol and
diesel). This is causing a divergence between the regulatory approach and the sectoral target
definition as well as between the regulatory approach and the overall GHG emissions that can be
directly or indirectly attributed to road vehicles (‘Total climate impact’ and ‘Total GHG emitted WTW’ in
Figure 1b). Since manufacturers cannot directly influence driving behaviour and distance driven, the
discrepancy between absolute emissions and type approval emissions in g/km cannot easily be
overcome. Even though manufacturers can also not directly influence the well-to-tank (WTT)
emissions, they do have a direct influence on the implemented type of drivetrain and associated
energy carrier used on which the WTT emissions to large extent depend. An appropriate choice of
metric might help to promote technology choices that optimally contribute to the overall GHG emission
reduction target for transport.

Vehicles with very low or no direct CO, emissions (e.g. electric vehicles or hydrogen fuelled vehicles,
further on referred to as ZEVs or zero tailpipe emission vehicles) are expected to make up a significant
part of the new registrations before 2050. In the current CO, regulation, based on the TTW emissions,
ZEVs count as 0 gCO,/km because GHGs emitted during generation of electricity or hydrogen are not
taken into account. In reality however, GHGs are emitted in these processes.

! Regulation (EC) No 443/2009 for passenger cars and Regulation (EU) No 510/2011 for light commercial vehicles. See:
http://ec.europa.eu/clima/policies/transport/vehicles/index_en.htm
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a) From TTW emissions per kilometre to total direct emissions of the transport sector according to IPCC
definition, with direct emissions of biofuels counting as zero and indirect emissions of energy carriers
attributed to power sector and agricultural sector (in case of biofuels)

= Total sectoral emissions (IPCC)
= Real World IPCC [g/km]
= Real World TTW [g/km]

= Type approval TTW [g/km]

+ Test cycle

+ Driving behaviour

- direct emissions of biofuels count as zero

+ Distance driven

b) From TTW emissions per kilometre to total GHG emissions attributable to transport sector,
including WTT emissions from the energy chain and GHG emissions from the product life cycle (production,
decommission, recycling)

= Total climate impact
= Total GHG emitted WTW
= Real World WTW [g/km]
= Real World TTW [g/km]

= Type approval TTW [g/km]

+ Test cycle

+ Driving behaviour
+ WTT

+ Distance driven

+ Embedded emissions

Figure 1  Schematic overview of various levels on which CO; emission targets can be defined.

When a share of a manufacturer’s sales consists of these ZEVs, the effort that the manufacturer has to
put into reducing CO, emissions from ICEVs (in order to meet its sales average TTW CO, target)
decreases. As a result, the sales average TTW and WTW CO, emissions of ICEVs may increase with
increasing ZEV sales of a certain manufacturer. Since in reality CO, is emitted to generate electricity or
hydrogen, these increased WTW CO, emissions by ICEVs are not (fully) compensated by ZEVs,
potentially resulting in higher overall WTW CO, emissions.

Impact of zero tailpipe emission vehicles (ZEVs) on climate integrity of the policy

The CO, regulations for cars and vans, being based upon tailpipe emissions, consider vehicles that
are electric or hydrogen propelled to have zero GHG emissions. Therefore, in terms of compliance with
the requirements of the Regulations, a manufacturer is permitted to have higher tailpipe emissions for
the non ZEVs that they sell in relation to the proportion of ZEVs they sell. For example, if 5% of a
manufacturer's sales are ZEVs, to achieve a new-car average of 95 gCO,/km its non-ZEV vehicles will
only need to achieve 100 gCO,/km. The higher the ZEV share, the higher the non-ZEV emissions can
be. If, as was permitted in the early years of the car regulation, these vehicles are given a multiplier
(“super credits”), the effect is to allow even higher GHG emissions from the remaining non-ZEVs.
Given the fact that for the next decades the energy generation for ZEVs will not be CO,-free, a TTW
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COs-based target therefore leads to a net increase in the WTW GHG emissions of new vehicles with
increasing share of ZEVs.

Under the currently active EU Emissions Trading Scheme (ETS), CO, emissions of large emitters, e.g.
the vast majority of the electricity and hydrogen production, are capped on a national level. However
as the share of CO, emissions from electricity and hydrogen production for transportation purposes is
small relative to the total CO, emissions from these industries, the marginal CO, emissions (and
therefore also the costs) of these industries resulting from the increased use of these energy carriers in
transportation is expected to be small. As a result, this extra demand may not be a sufficient incentive
for these industries to reduce CO, intensities. A way to account for WTT emissions may therefore be
an important instrument to effectively reduce the total CO, emissions from transportation.

Assessment of alternative metrics and regulatory approaches

In order to determine the optimal approach for post-2020 regulation of CO, emissions from road
vehicles, in terms of avoiding possible negative consequences of the current TTW GHG based metric
and promoting technological transitions that effectively contribute to meeting long term GHG emission
targets, this study evaluates a range of alternative metrics and alternative regulatory approaches
against a set of criteria. Alternative metrics include WTW GHG emissions and TTW and WTW energy
consumption of vehicles. For each metric this assessment provides insight into the way in which
variations in the share of ZEVs or in the WTT emissions associated with production of their energy
carriers affects the average WTW emissions of vehicles sold. Also other pros and cons of the various
options will be identified.

1.2 Other factors to be taken into consideration

In addition to what is already explained above the following more detailed considerations were
requested by the Commission to be taken into account in the analysis.

Energy efficiency differs if measured for the vehicle or the whole well to wheel chain

While at the vehicle level electrified powertrains offer substantially higher energy efficiency than
internal combustion engines, the energy generating sector has substantial inefficiencies. The result is
that comparing the energy input to electricity generation required for an electric vehicle-km driven is
not likely to be very different from the energy input to a refinery for an ICE vehicle-km driven. In view of
this it is not self-evident that using energy as the metric offers any benefit over CO.,.

Vehicles with zero tailpipe emissions can have different energy consumption

Hydrogen fuelled vehicles (whether using fuel cell or ICE-based power trains) and battery electric
vehicles have zero tailpipe emissions. These are often considered to be competing technologies over
the longer term for light duty road vehicles. Due to the fact that the fuel cell or ICE for converting the
hydrogen to usable energy is less efficient than the purely electric drive train in a battery electric
vehicle a hydrogen fuelled vehicle will require more energy per vehicle-km. And besides that it can be
argued that a TTW CO, based regulation does not promote improvements in energy efficiency of any
of these ZEV technologies.

The evolving technologies for light duty vehicles

There is much speculation over how light duty vehicle technology will evolve in the future. There was a
wave of enthusiasm for hydrogen technologies around the end of the 1990s and early in the 2000s.
Some manufacturers foresaw hundreds of thousands of hydrogen fuel cell vehicles being sold by
2010. By the mid years of that decade, enthusiasm had shifted markedly to the potential offered by
biofuels. Now following the end of that decade, there is much talk of the potential for pure electric
vehicles and plug-in hybrids.

It is presently unknown which will be the winning technology or whether in fact none will win and
different technologies will be important for different market segments. As a consequence, most major
vehicle manufacturers are researching or even starting to market a number of different alternative fuel
and powertrain options. In the light of this uncertainty it is particularly important that regulations
affecting the industry do not influence it to move into one or another direction because of any in-built
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bias in them, but that instead the technological choices should flow from which alternative is best able
to achieve society's objectives.

Impact of mileage of different types/classes of vehicles

Different classes of the same type of vehicles are on average driven different distances. In general for
cars, smaller vehicles are driven less distance annually than larger vehicles and diesel vehicles are
driven a greater distance than petrol vehicles. Task 2.5.3 of [TNO 2011] investigated this aspect for the
period to 2020. Consideration is required as to whether the situation beyond 2020 is likely to differ and
whether there is a need for the legislation to reflect this.

It is currently the case that vehicles that are larger and heavier are expected to use more energy and
emit more CO, underlying the utility curve in the current legislation. Changes in vehicle powertrains
could potentially result in changes to this linkage.

It would be useful to consider the mileage aspect not only for gasoline vs. diesel powered vehicles but
also for also for LPG, CNG, plug-in hybrid and pure electric vehicles.

In this report the impact of different mileages for different vehicle segments and technologies is briefly
assessed in relation to the option of including mileage weighting in the CO, or energy regulation of
cars.

Wide variation in proportion of well to tank GHG emissions

The split of GHG emissions between the use phase in the vehicle and the energy supply processes
prior to that (here referred to as "well to tank™) vary substantially. For conventional oil-derived fuels the
well to tank emissions are around 15% of the total lifecycle emissions, but this proportion can reach
100% for zero emission vehicles such as battery electric or fuel cell vehicles. Other fuels have
proportions in-between.

While the divergences are relatively small between conventional diesel, petrol, natural gas and LPG,
and could therefore be ignored in the present vehicle CO, regulation, these divergences increase as
other types of fuel or energy carriers are considered. Even with the retention of internal combustion
engines, there is potential for tail pipe emissions to represent substantially different proportions of life
cycle emissions. This situation is greatly exacerbated when different powertrains are considered.

Biofuels emit as much GHG when combusted as any other fuel, but under IPCC guidelines this is
considered to be reabsorbed with cultivation of the crop. As a result, for accounting purpose, 100% of
the GHG emissions occur well to tank. For a biofuel to be considered sustainable it needs to have
lifecycle GHG emissions which are significantly lower than those of conventional fuel. In consequence,
tailpipe emissions for biofuels will actually be a multiple of life cycle emissions, the value depending on
the biofuel GHG intensity.

This issue is explored in detail by including vehicles with alternative energy carriers in the quantitative
assessment of different metrics and exploring sensitivity of the outcomes to varying assumptions on
the WTT emission and energy consumption factors.

How to ensure incentives where action is needed both on vehicles and energy supply?

It may be the case that a technology with low energy use or tail pipe emissions but high upstream
emissions becomes very attractive for vehicle manufacturers. It seems desirable for incentives to be
aligned so that vehicle manufacturers placing vehicles on the market take into account the overall
lifecycle GHG emissions of the energy that those vehicles will be using.

At present there is a strong incentive to market ZEVs regardless of the likely GHG emissions of the
energy supply to them. However, ZEVs are likely to remain expensive for some time to come and
therefore it is also important to continue improving ICE technology .

The Commission has already carried out some preliminary assessment of desirable attributes of
vehicle CO, regulation in the long term. In the EU Transport GHG: Routes to 2050 study report paper 6
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carried out some preliminary exploration of the relevant issues®. The NGO Transport and Environment
has initiated some brainstorming on possible approaches to vehicle CO, regulations. In 2011 the
International Council for Clean Transportation has organised a workshop to carry out reflection on
appropriate future approaches to vehicle regulation. Results from these activities are taken into
account.

Desirability of ensuring that all possible GHG reduction measures are available

The existing van and car regulations are based upon vehicle mass as utility parameter for
differentiating the target. As part of the analytical work carried out to assess the 2020 targets,
consideration has been given to whether it is desirable to consider an alternative parameter such as
vehicle footprint. The analysis shows that were the parameter based on footprint, compliance costs
would be slightly lower since mass reduction would become more attractive as a compliance option. In
the long term, vehicle CO, reduction will become increasingly challenging and it is therefore important
for the future regulatory approach to enable all appropriate compliance approaches.

1.3  Objectives

In follow up to previous work [AEA 2008], the European Commission’s DG CLIMA has requested
assistance in preparing the strategy for post-2020 light duty vehicle GHG emissions reductions. A
crucial aspect in this strategy is the way in which GHGs, emitted for the purpose of driving vehicles,
are regulated.

The main goal of this study is therefore to develop a framework for analysis of impacts of different
regulatory options, and to use this framework for a first indicative analysis of how the efficiency and
effectiveness of vehicle GHG regulation is affected. It will also indicate how total GHG emissions from
road transport activities will be affected by a range of different penetration scenarios for alternative
vehicle propulsion system and the use of alternative energy carriers. The framework consists of the
following elements:

o identification of relevant criteria for evaluating different options and qualitative evaluation of
different options against these criteria;

e use of a simplified model to assess impacts of varying ZEV shares and WTT emissions of
alternative energy carriers on the average WTW GHG emissions of new vehicles;

o use of a simplified fleet model to assess fleet wide TTW and WTW GHG emissions over a longer
time period for scenarios with varying ZEV shares and WTT emissions of alternative energy
carriers for the period 2020-2050.

The impact of various technological options on overall well-to-wheel GHG emissions is determined by:

the efficiency of vehicles

the TTW emissions of these vehicles

the WTT emissions of the energy carrier used
the penetration rate of the technological option.

Scenarios will focus on the dominant uptake of different technologies and the impacts of variations in
assumptions on the above-mentioned characteristics of vehicles and energy carriers. A limited number
of scenario variants will be constructed based on different assumptions with respect to the
characteristics of these technologies. Technological options included in the scenarios are:

improved internal combustion engine vehicles (ICEVS)
battery-electric vehicles (BEVSs)

plug-in hybrid electric vehicles (PHEVS)

fuel cell electric vehicles (FCEVS)

biofuels (assumed to be blended into petrol and diesel)

2 See: http://www.eutransportghg2050.eu
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For the purpose of this exploratory exercise to evaluate alternative metrics for CO, regulation the
model calculations will assume that these metrics are applied from 2020 onwards. Impacts over the
2020-2050 period will be assessed, on the EU level. Making this assumption in the assessment allows
for an evaluation of the impacts over a sufficiently long period.

In addition to the above evaluation of alternative metrics this study also provides evaluations with
respect to the following issues:

e Possibilities for and impacts of combining different options and inclusion of additional modalities;

¢ Interaction between vehicle regulation and the FQD and EU-ETS;

o Evaluation of relevant greenhouse gases to be included in a vehicle regulation, depending on the
metric chosen;

Implications of alternative metrics with regard to vehicle testing and certification procedures;

The choice of utility parameter;

The border between van and car legislation, and options for integration of these regulations;
Impacts of changes in operating cost on overall vehicle use and total GHG emissions.

1.4 Relation with modelling performed in Service
Request 8

In parallel to this Service Request 4, in which a wide range of aspects of different metrics for post 2020
CO, regulation are assessed, another project (Service Request 8) has been carried out which
focusses more specifically on an analysis of the influence of metrics for future CO, legislation for light
duty vehicles on the choices manufacturers may make with respect to deployment of technologies and
the resulting GHG abatement costs. Results of Service Request 8 are reported in [TNO 2013].

1.5 Report structure

Chapters 2 to 5 of this report provide a detailed description of the various considered metrics and
regulatory options, a set of relevant evaluation criteria, and detailed comparative analyses of the
different options largely based on quantitative modelling. The results of these chapters are used to
formulate pros and cons of the different options in chapter 6.

The second part of the report, chapters 0 to 13, contain further evaluations of issues not directly
related to metrics but more generally relevant for post 2020 regulation of CO, emissions and or energy
consumption of light duty vehicles.
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2 Options for alternative metrics and
regulatory approaches

2.1 Introduction

The main options for metrics and approaches for regulating CO, emissions from light duty vehicles
beyond 2020, as identified by the Commission and required to be analysed in this study, are:

a. regulating vehicle CO, emissions
e tailpipe CO, emissions as in existing Regulation (= TTW CO, emissions)
e tailpipe CO, emissions for ICEs with exclusion of Zero Emission Vehicles
¢ tailpipe CO, emissions with notional GHG intensity for Zero Emission Vehicles
e tailpipe CO, emissions adjusted to take account of WTW emissions (= WTW GHG
emissions)
b. regulating vehicle energy use

e energy used in the vehicle per vehicle-km (= TTW energy consumption)
e energy use per vehicle-km adjusted for WTW consumption (= WTW energy consumption)

C. inclusion of road fuel use in the EU ETS
d. a vehicle manufacturer based trading scheme based on lifetime vehicle GHG emissions.

Additional options that can be defined on the basis of other elements of the terms of reference for this
project are:

e. a cap and trade system for vehicle manufacturers, of total CO, emissions of vehicles sold
(expressed in g/km)

f. inclusion of embedded emissions in the WTW approaches listed above

g. combining different options with e.g. size dependent mileage weighting

All these alternatives are defined in more detail in sections 2.2 to 2.4. In chapters 4 to 8 many of these
options are evaluated from different perspectives. In chapter 6 the options are further compared in
terms of overall pros and cons.

2.2 GHG emission based metrics

2.2.1 Tailpipe CO, emissions as in existing Regulation

a.l Tailpipe CO, emissions as in existing Regulation (TTW gCO,/km)

Definition: e based on g/km TTW CO, emissions

m

TTW _§ . nTTW

Gtarget_ Ni Gi
i=1

with:
Giaryet the TTW GHG emission target in g/km
GIm™ the sales-weighted average TTW GHG emissions in g/lkm

of vehicles with technology i

n; the share of vehicles with technology i in the total new
vehicle sales (n; = n;/N with n; the number of vehicles with
technology i and N the total new vehicle sales)

e CO; emissions as measured in the type approval test.
- Currently based on NEDC, may in future change to WLTP.
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- UN-ECE R101 caters for measurement of CO, emissions from plug-in hybrids®.
- Electric driving and use of hydrogen count as zero emissions.
- Share of biofuels in conventional fuel has no impact on TA CO, emissions®.

Other e This option is tested in the model developed and used in chapter 4 and 5.
remarks

2.2.2 Tailpipe CO, emissions for ICEVs with exclusion of Zero Emission Vehicles

a.2 Tailpipe CO, emissions for ICEVs with exclusion of Zero Emission Vehicles
Definition: e based on g/km TTW CO, emissions
GtTaTrVget—ICEV = GITCTEMI;
with:

Giarget—1cEV the TTW GHG emission target in g/km

GIW the sales-weighted average TTW GHG emissions in g/km

of internal combustion engine vehicles (ICEVS)

e CO, emissions as measured in the type approval test.
- Currently based on NEDC, may in future change to WLTP.
- Share of biofuels in conventional fuel has no impact on TA CO, emissions.

e ICEVs include HEVs.
- Charge-sustaining (or not off-vehicle charging) hybrid powertrains are a
technology for making ICEVs more fuel efficient, not a separate category.
e PHEVs need to be treated separately.
- A target for PHEVs could be defined on the basis of the ICEV target and the
electric range.

Other e No need to account for the biofuels share in conventional fuels as ICEVs are not
remarks compared to alternative energy carrier technologies.
e In this metric TTW CO, emissions are a very good proxy for TTW energy
consumption (or vehicle efficiency).
e Can be tested in the models of chapter 4 and 5, but the result is trivial as
introduction of alternatives does not affect target for ICEVSs.

2.2.3 Tailpipe CO, emissions with notional GHG intensity for Zero Emission
Vehicles

a.3 Tailpipe CO, emissions with notional GHG intensity for Zero Emission Vehicles

Definition: e Based on g/lkm TTW emissions for ICEVs.
e GHG emissions for ZEVs accounted for on the basis of MJ/km TTW energy
consumption times a notional g/MJ WTT factor.
- Notional g/MJ WTT factor does not need to be exact: any value > 0 helps to
reduce the leverage of ZEVs on the target for ICEVs.
e In its simplest form (disregarding PHEVs and possible alternatives with low TTW

% Off-Vehicle Charging (OVC) hybrids in R101 terminology, a category including both plug-in hybrids(PHEVs) and extended-range electric vehicles
EREVS).

S Note that this definition is different from the IPCC accounting approach in which biofuels are defined to have zero TTW emissions, and in which
all WTW emissions are attributed to the WTT part of the energy chain. In the TTW definition used above WTT emissions can be negative (sum of
uptake of CO, in the WTT chain by growth of biomass and GHG emissions occurring in various steps of the chain, such as crop cultivation,
harvesting and transport of biomass, biomass conversion and distribution of biofuels ).
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emission but high WTT emissions) the definition could be as follows:

m
TTW  _ . TTW E .o pTTW
Gtarget = Micev * Gicev + ni-a; " E;
i=1

with:

Giarget the TTW GHG emission target in g/km

G the sales-weighted average TTW GHG emissions in g/km
of ICEVs

NicEV the share of ICEVs in the new vehicle sales

EI™ the sales-weighted average TTW energy consumption in
MJ/km of vehicles with zero-emission technology i

1; the share of vehicles with zero-emission technology i

a; the notional WTT GHG intensity factor in g/MJ for vehicles

with zero-emission technology i

¢ In general for this metric the target can be defined as:

m n
TTW  _ . TTW
Gtarget - Z UF Z aj Ei,j
i=1 j=1

with:
n; the share of vehicles with technology i
ETTW the sales-weighted average TTW consumption in MJ/km of
energy carrier j by vehicles with technology i
a; the notional WTT GHG intensity factor in g/MJ for energy

carrier j defined as:
a; = g;"" for all conventional fuels, with g]™" the TTW

emissions of energy carrier j
and
a; = a notional WTT value for all energy carriers with zero
TTW emissions.

In this definition plug-in hybrids are included as they consume both fuel and
electricity.

e This option can be seen as 1% order correction to reduce the leverage of ZEVs (i.e.
the problem of a TTW CO,-based metric that WTW emissions increase with
increasing ZEV-share).

e Notional factors can be declared values or can be calculated on the basis of WTW
emission estimates.

- See note below.
- To be discussed whether notional factors need to be EU average or can be
Member State specific.

e The above mathematical definition can be expanded to also explicitly include
PHEVs and possible alternatives with low TTW emissions but WTT emissions that
strongly deviate from those of petrol and diesel.

- See note below.

Other e This option is tested in the models of chapter 4 and 5.
remarks

Options for defining the notional WTT factors

e The notional WTW GHG intensity factor for zero-emission vehicles can be approximated on the
basis of WTW data as follows:
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a; = g!"™" - (gl / 91tEy)

the WTT GHG emission factor in g/MJ of energy carrier i

the average WTW GHG emission factor in g/MJ of fuel
for ICEVs

the average TTW GHG emission factor in g/MJ of fuel
for ICEVs

e In the above definition the WTT GHG intensity of energy carrier i is divided by the ratio between
average WTW and TTW emissions of petrol and diesel to account for the fact that conventional
fuels also have WTT emissions. Ignoring this, while using approximate WTT emission for
alternative energy carriers, would be a disadvantage to the alternative energy carriers.

e Alternatively the notional WTT factors a; can also be used to set scores for all technologies
(powertrain / energy carrier combination) that do not necessarily reflect the actual WTT emission of
ZEVs or of all different options. Instead they can be used as notional scores which reflect the value
that is attributed to a technology in achieving long term GHG emission reductions and which can
be tuned to promote specific technologies over other options.

How to include PHEVs and other alternatives into the definition?

e The definition for this option can be rewritten in a more explicit way to show how two additional
categories of vehicles can be included:
- PHEVs (incl. EREVS).
- Vehicles using alternative energy carriers which have non-zero TTW emissions but WTT
emissions that strongly deviate from those of petrol and diesel.

m k
GER e = Micev * GIRY + - @ EI™ + 0y (GBS + e - EFJE) + ) 1y (6™ + by ™)

i=1 j=1

with (in addition to the simplified definition):

TTW
GPHEV

TTW
EPHEV

NpHEV

Aelec
TTW
Gj

TTW
E;

nj

b,

the sales-weighted average TTW GHG emissions in
g/km of PHEVs

the sales-weighted average TTW electricity consumption in
MJ/km of PHEVs

the share of PHEVs in the new vehicle sales
the notional WTW GHG intensity of electricity

the sales-weighted average TTW GHG emissions in g/km of vehicles with
alternative non-ZEV technology j that have deviating WTT emissions

the sales-weighted average TTW energy consumption in MJ/km of vehicles
with alternative non-ZEV technology j that have deviating WTT emissions

the share of vehicles with alternative non-ZEV technology j

the notional WTT GHG intensity factor in g/g for vehicles
with alternative non-ZEV technology j

e The notional WTW GHG intensity factor for vehicles with alternative non-ZEV technology j that
have deviating WTT emissions can be approximated on the basis of WTW data as follows:

by = g™ - (gicev/ glesy)
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Definition:
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the WTT GHG emission factor in g/MJ of energy carrier j

the average WTW GHG emission factor in g/MJ of fuel
for ICEVs

the average TTW GHG emission factor in g/MJ of fuel
for ICEVs

Tailpipe CO, emissions adjusted to take account of WTW emissions

Tailpipe CO, emissions adjusted to take account of WTW emissions (WTW gCO,/km)

e Based on g/km WTW emissions for all technologies / energy carriers.
e In general WTW emissions of vehicles can be written in different ways which are
all equivalent:

Gl_VVTW T™W E;TTW — GZ“TW + gL!/I/TT . E;TTW — (gl!/I/TT + g;TTW) . E[TTW

=g!"

with:

GM v the WTW GHG emissions in g/km of vehicles with energy
carrier i

g™ the WTW GHG emission factor in g/MJ of energy carrier i

g the WTT GHG emission factor in g/MJ of energy carrier i

g the TTW GHG emission factor in g/MJ of energy carrier i
ET™ the TTW energy consumption in MJ/km of vehicles with
energy carrier i

e WTW or WTT emission factors can be based on actual monitoring or can be set as
default values which are regularly updated on the basis of less frequent monitoring.

Emission factors can be defined as EU averages, or per Member State (MS).
Emission factors cannot be manufacturer specific, unless based on weighted
average of MS specific values.

Using actual data requires a complex and fast monitoring system to have up-
to-date information of EU or MS averages.

The relation with monitoring of GHG intensity of energy carriers as foreseen
under the FQD should be noted.

Main methodological issues relate to:

- using average vs. marginal emissions;

- impact of EU-ETS on emission values for e.g. electricity and hydrogen.
WTT emission factors may need to take into account estimated future progress
to represent expected average values over vehicle lifetime, rather than values
representative for the year in which the vehicle is sold.

e In general for this WTW GHG based metric the target can be defined as:

m

n
wTwW _ WTW | pTTW
Gtarget - Zrli gj Ei,j
j=1

i=1 =

with:

Giarget the WTW GHG emission target in g/km
1; the share of vehicles with technology i in the new vehicle
sales
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g™ the WTW GHG emission factor in g/MJ of energy carrier j

the sales-weighted average TTW consumption of energy
carrier j in MJ/km by vehicles with technology i

TTW

e Making an explicit distinction between conventional vehicles, plug-in hybrids and
various ZEV technologies, the above equation can also be written as:

!
wTw  _ § C(TTW WTT | TTW
Giarget = Nicev—i * (Gicev—i + 9i ICEV—i)
i=1
m
2 C(TTW WTT . oTTW WTT | pTTW
+ ) Npuv—j* (Gpugy—; + 9j Eppgy—j + Jetec * EpnEv-j-eiec)

j=1
n
. WTT . pTTW
+ ZUZEV—k 9zev-i " Ezev—i
k=1

with:

NicEv—i the share of ICEVs with fuel i in the new vehicle sales

GIm™ the sales-weighted average TTW GHG emissions in g/km of
ICEVs with fuel i

gt the WTT GHG emission factor in g/MJ of fuel i

ET™ the sales-weighted average TTW electricity consumption in
MJ/km of ICEVs with fuel i

NpHEV-j the share of PHEVs with fuel j in the new vehicle sales

Grhigy— the sales-weighted average TTW GHG emissions in g/lkm of
PHEVs with fuel j

Efhgv—; the sales-weighted average TTW fuel consumption in MJ/km
of PHEVs with fuel j

gurr the WTT GHG emission factor of electricity in g/MJ

Efhigy-j-etec  the sales-weighted average TTW electricity consumption in

MJ/km of PHEVs with fuel j

NzEV—k the share of ZEVs with energy carrier k in the new vehicle
sales
LA the WTT GHG emission factor in g/MJ of energy
carrier ZEV — k
EITW . the sales-weighted average TTW energy consumption in
MJ/km of ZEVs with energy carrier ZEV — k
Other e This option is tested in the models of chapter 4 and 5.
remarks e The option of having WTT emission factors taking into account estimated future

progress to represent expected average value over vehicle lifetime might be
helpful, though the risk of manipulation by “optimistic” forecasting should be noted.
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2.3 Energy consumption based metrics

2.3.1 Energy used in the vehicle per vehicle-km

b.1 Energy used in the vehicle per vehicle-km (TTW MJ/km)

Definition: e  based on MJ/km TTW energy consumption

m

TTW _ . TTW

Etarget_ E Ni Ei
i=1

with:
Efet the TTW energy consumption target in MJ/km
ET™ the sales-weighted average TTW energy consumption in
MJ/km of vehicles with technology i
n; the share of vehicles with technology i in the total new

vehicle sales (n; = n;/N with n; the number of vehicles with
technology i and N the total new vehicle sales)

e Energy consumption as measured in the type approval test.
- Currently based on NEDC, may in future change to WLTP.
- UN-ECE R101 caters for measurement of fuel consumption and electricity
consumption of plug-in hybridss. For this metric the consumption of different
energy carriers by the same vehicle is to be added.

Other e This option is tested in the models of chapter 4 and 5.
remarks

2.3.2 Separate efficiency targets for different classes of propulsion systems

b.2 Separate efficiency targets for different classes of propulsion systems

Definition: e Based on g/lkm TTW energy consumption

Etargec—i = EI™"
with:
Elpe—i the TTW energy consumption target in MJ/km of vehicles with
technology i
ET™ the sales-weighted average TTW energy consumption target

in MJ/km of vehicles with technology i

e TTW energy consumption as measured in the type approval test.
- Currently based on NEDC, may in future change to WLTP.
e Separate targets for ICEVs (including HEVs), BEVs, FCEVs, etc.
- Charge-sustaining (or non off-vehicle charging) hybrid powertrains are a
technology for making ICEVs more fuel efficient, not a separate category.
e PHEVs need to be treated separately.
- Atarget for PHEVs might be defined on the basis of the targets for ICEVs and
BEVs combined with the electric range.

® Off-Vehicle Charging (OVC) hybrids in R101 terminology, a category including both plug-in hybrids(PHEVs) and extended-range electric vehicles
(EREVS).
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- Simply adding energy content of fuel and electricity consumed creates
leverage for vehicles with long electric range.
e Per technology targets need to be based on evaluation of technical potential and
cost effectiveness.
¢ Some methodology needed to harmonize targets across technologies.
- Could be based on equal marginal costs for WTW GHG reduction

Other e This option can be tested in the models of chapter 4 and 5 but the result is trivial as
remarks introduction of alternatives does not affect the target for ICEVs.

2.3.3 Energy use per vehicle-km adjusted for WTW consumption

b.3 Energy use per vehicle-km adjusted for WTW consumption (WTW MJ/km)

Definition: e Based on g/km WTW energy consumption for all technologies / energy carriers.
e Is equivalent to WTW primary energy use.
e In general WTW energy consumption of vehicles can be written in different ways
which are all equivalent:

EWTW = oWTW . pTTW — pTTW 4 oWTT . pTTW — (1 4 oWTTY. ETTW
L L L L L L L L

with:

EYTW the WTW GHG emissions in MJ/km of vehicles with energy
carrier i

eV the WTW energy consumption factor in MJ/MJ of energy
carrier i

eVt the WTT energy consumption factor in MJ/MJ of energy
carrier i

el™ the TTW energy consumption factor in MJ/MJ of energy
carrier i

EI™ the TTW energy consumption in MJ/km of vehicles with

energy carrier i

e WTW or WTT energy consumption factors can be based on actual monitoring or
can be set as default values which are regularly updated on the basis of less
frequent monitoring.

- Energy consumption factors can be defined as EU averages, or per MS.

- Energy consumption factors cannot be manufacturer specific, unless based on
weighted average of MS specific values.

- Using actual data requires complex and fast monitoring system to have up-to-
date information of EU or MS averages.

- Main methodological issues relate to:

- using average vs. marginal energy consumption;
- indirect impact of EU-ETS on WTW energy consumption values for e.g.
electricity and hydrogen.

- WTT energy consumption factors may need to take into account estimated
future progress to represent expected average values over the vehicle lifetime,
rather than values representative for the year in which vehicle is sold.

e In general for this WTW energy-based metric the target can be defined as:

m n

m n
wTw  _ WTW . oTTW _ WTT~ . pTTW
Etarget —Zmze; E;j —ZTHZ(1+€; )-Ej
j=1 i=1 j=1

i=1

with:
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Efttget the WTW energy consumption target in MJ/km

1; the share of vehicles with technology i in the new vehicle
sales

ef'™ the WTW energy consumption factor in MJ/MJ of energy
carrier j

e’ the WTT energy consumption factor in MJ/MJ of energy
carrier j

ETTW the sales-weighted average TTW consumption of energy

carrier j in MJ/km by vehicles with technology i

e Making an explicit distinction between conventional vehicles, plug-in hybrids and
various ZEV technologies, the above equation can also be written as:

l
Eff ger = Z Micgv—i * (L + "™ - {03y
i=1
m
D ey (CL+ ™) - EFR, 4+ (1 + eI - EETE, o)
j=1

n
D Mz (L4 M - EIRY,
k=1

with:

NicEv—i the share of ICEVs with fuel i in the new vehicle sales

EI™ the sales-weighted average TTW energy consumption in
MJ/km of ICEVs with fuel i

et the WTT energy consumption factor in MJ/MJ of fuel i

ET™ the sales-weighted average TTW electricity consumption in
MJ/km of ICEVs with fuel i

NpHEV-j the share of PHEVs with fuel j in the new vehicle sales

Efhgv—; the sales-weighted average TTW energy consumption in
MJ/km of PHEVs with fuel j

Efity— the sales-weighted average TTW fuel consumption in MJ/km
of PHEVs with fuel j

el TT the WTT GHG emission factor of electricity in g/MJ

Efhigy-j-etec  the sales-weighted average TTW electricity consumption in
MJ/km of PHEVs with fuel j

NzEv—k the share of ZEVs with energy carrier k in the new vehicle
sales
eyt the WTT GHG emission factor in g/MJ of energy

carrier ZEV — k

EITW . the sales-weighted average TTW energy consumption in
MJ/km of ZEVs with energy carrier ZEV — k

Other e This option is tested in the models of chapter 4 and 5.
remarks
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24  Alternative options

241 Inclusion of road fuel use in EU ETS

c Inclusion of road fuel use in the EU ETS

Definition: e  This is not an alternative metric for regulation of vehicles or vehicle manufacturers,
but an alternative policy option, i.e. an economic instruments targeted at fuel
producers or vehicle users instead of a vehicle / manufacturer based regulation.

e As explained e.g. in [CE 2010] the inclusion of the transport sector in EU-ETS can
be implemented by means of upstream or downstream trading. In a cap & trade
system, an upstream trading system implies that the cap will be put on companies
that sell transport fuels. They need emission allowances for the CO, emissions
caused by the fuels sold by them, and these will be capped. In an upstream trading
system, the fuel consumers that actually use the fuels and thus emit the CO,, will
be the trading parties.

e A cap & trade system for CO,, such as the EU-ETS, sets a cap on absolute
emissions of the participants. These buy (e.g. through auctioning) or receive (for
free) CO, emission allowances. If a participant emits more than the allowances
owned by the participant, the participant has to buy more allowances from other
participants that have more allowances than emissions, or that invest in CO,
mitigation measures. The choice between the first and the latter will depend on the
price, so that, at least in theory, all CO, mitigation measures with cost (per ton CO,
avoided) lower than the cost of the emission allowances will be implemented.

Other e This option cannot be tested in the models of chapter 4 and 5.

remarks e As stated in [CE 2010], most studies on transport and EU-ETS conclude that road
transport would require a more upstream approach, where transport fuel sellers
are the trading parties. This would limit the number of actors and associated
transaction costs, and it could make use of existing national fuel administrations
already in place for excise duty and VAT.

e When the traders are petroleum companies and other fuel sellers, they will divert
these cost to the fuel consumers, by increasing the cost of fuel accordingly. They
can also increase the share of renewable fuels, for which no or fewer CO,
emission allowances are necessary (this choice will depend on the cost of
alternative fuels versus that of allowances). Consumers will react, as in other forms
of fuel pricing, by taking measures that result in less cost, i.e., in less CO,
emissions. In road transport, for example, they may drive less or more fuel
efficient, buy more fuel efficient vehicles, adapt logistics (in case of goods
transport), reduce commuting distance, etc.

e CE Delft is currently carrying out a study for DG CLIMA on inclusion of transport
(and built environment) in EU ETS.

2.4.2 A baseline & credit system for vehicle manufacturers

d A vehicle manufacturer based trading scheme based on lifetime vehicle GHG
emissions

Definition: e  This is not just an alternative metric but also an alternative regulatory approach (as
far as allowing trading is concerned).
o Including lifetime mileage in the metric is also proposed under option g).
e In contrast to EU-ETS this is not a “cap & trade” system but just a “trading scheme”
associated with a vehicle based target.
o This is usually called a ‘baseline and credit’ trading scheme.
e The interpretation of this option is that it is:
o in addition to a manufacturer based target using a lifetime mileage weighted
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g/km metric;

o allowing manufacturers to trade excess emissions on the basis of lifetime GHG
emissions = gCO./km x lifetime mileage, either on a TTW or WTW basis with
default lifetime mileage values defined e.g. as function of the vehicle’s utility

value.
Other e This option cannot be tested in the models of chapter 4 and 5.
remarks o Using the SR1 cost assessment model [TNO 2011] one could test whether

such a trading scheme would lead to a different distribution of reduction efforts

over manufacturers and different overall costs for meeting the target, but such

modelling is not foreseen as part of SR4.

o For the 2015 target this approach was already assessed to some extent
(i.e. allowing trading of TA g/km emissions instead of lifetime GHG
emission) in [TNO 2006] and [IEEP 2007] which showed that costs for
meeting the target were somewhat lower (due to increased scope for
internal averaging compared to a manufacturer based target without
trading). But cost reductions were considered not to be sufficient to justify
the cost of the administrative system needed to facilitate trading. Also it
was expected that manufacturers would be unwilling to trade as it discloses
strategic information.

o For the stricter post 2020 targets this option could become more interesting
as it would allow setting targets that not all manufacturers can meet within
their own sales portfolio and technical capabilities.

2.4.3 Cap & trade system for vehicle manufacturers

el A cap and trade system for vehicle manufacturers, of total CO, emissions of vehicles
sold (expressed in g/km)

Definition:

This is not just a metric but also a regulatory approach.
o Target set for g/lkm x sales instead of sales-weighted average g/km.
o Metric is g/km x sales

e Cap set as total g/km of all new vehicles sold in a given year.

o This needs to be based on projected vehicle sales times a vehicle based g/km
target. This option therefore can be considered as adding the possibility of
trading to a target set using a TTW or WTW CO, based metric.

o If vehicle sales increase more than expected, manufacturers have to produce
vehicles with lower g/lkm emissions and vice versa.

e Could be based on TTW or WTW emissions.
e This approach can also be applied to a MJ/km target.

Other e This option cannot be tested in the models of chapter 4 and 5.

remarks o Using the SR1 cost assessment model [TNO 2011] one could test whether
such a trading scheme would lead to a different distribution of reduction efforts
over manufacturers and different overall costs for meeting the target, but such
modelling is not foreseen under SR4.

e2 A cap and trade system for vehicle manufacturers, of total energy consumption of
vehicles sold (expressed in MJ/km)

Definition: e  This is not just a metric but also a regulatory approach.
o Target set for MJ/km x sales instead of sales-weighted average MJ/km.
o Metric is MJ/km x sales
e Cap set as total MJ/km of all new vehicles sold in a given year.

o This needs to be based on projected vehicle sales times a vehicle based
MJ/km target. This option therefore can be considered as adding the possibility
of trading to a target set using a TTW or WTW MJ based metric.

o If vehicle sales increase more than expected manufacturers have to produce
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vehicles with lower MJ/km energy consumption and vice versa.
Could be based on TTW or WTW energy consumption.

Other e This option cannot be tested in the models of chapter 4 and 5.

remarks o Using the SR1 cost assessment model one could test whether such a trading
scheme would lead to a different distribution of reduction efforts over
manufacturers and different overall costs for meeting the target, but such
modelling is not foreseen in SR4 work plan.

2.4.4 Inclusion of embedded emissions in WTW approaches

f Inclusion of embedded emissions in the WTW approaches listed above

Definition: e Embedded GHG emissions (or life-cycle emissions) are emissions directly or
indirectly originating from other phases of a product’s life cycle than the use phase.
In the production phase GHG emissions are associated with mining, production,
and transport of materials, manufacturing of components and vehicles, and
transport / distribution of products. In the decommissioning phase emissions are
associated with scrappage of vehicles, recycling of materials and waste disposal.

e Embedded emissions can be included in the metrics as developed under a), b), d)
and e).

e Embedded emissions are identified by means of a so-called Life Cycle Analysis
(LCA). Scientific methods for this are well established, but the reliability of the
results depends very much on the quality of the input data.

e As manufacturers do have control over embedded emissions associated with
vehicle production, LCA values could be based on actual performance of individual
manufacturers.

o This would, however, require an agreed and accountable methodology for
determining these actual emissions.

e A 1% order approach with default values would suffice to cater for main differences
in embedded emissions when moving from ICEVs to e.g. EVs or FCEVs.

o Default values would need to be updated regularly.

Other e This option could in principle be tested with models of chapter 4 and 5, but
remarks inclusion of embedded emissions has not been considered as part of the scope for
these simplified models.

2.4.5 Combining different options with e.g. size-dependent mileage weighting

g Combining different options and inclusion of other aspects such as size-dependent
mileage weighting.

Definition: e For a given vehicle lifetime GHG emissions = gCO,/km x lifetime mileage, either on
aTTW or WTW basis.

e As actual mileages cannot be used, default lifetime mileage values must be
defined.

e Mileage weighting only affects the metric if the mileage is different for different
vehicles. Mileage therefore needs to be correlated with one or more objectively
identifiable vehicle attributes.

e The utility parameter used in the legislation is an obvious candidate for a size
dependent mileage weighting.

o The most obvious implementations are in the form of a size- or mass-based
mileage. The former is preferred as vehicle mass will be strongly affected by
weight reduction measures in the next decades. Size could e.g. be
parameterised as pan area (length x width) or footprint (wheelbase x track
width).
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e Besides size-dependent the mileage could also be technology dependent. EVs
may be assumed to be used in applications with lower annual mileages, while e.g.
diesel vehicles are and FCEVs on hydrogen may be used in applications with
longer annual mileages.

e For mileage weighting the type approval emission value of every vehicle sold is
multiplied by the lifetime mileage assume for that vehicle. Dividing the sum of all
lifetime GHG emissions of all vehicle sold by the sum of the lifetime mileages of all
vehicles sold, yields the lifetime-mileage weighted average emissions.

o This can be applied per manufacturer as well as to all vehicles sold in Europe.

e Mileage weighting can be included in the metrics as developed under a), b), and
e).

o Mileage weighting is already included in option d).

e Mileage weighting has already been indicatively explored as part of Service

Request 1 [TNO 2011]. The main options are clear.

Other e This option is not tested with the models of chapter 4 and 5, as it has been decided
remarks not to include mileage weighting in the structure of the simplified fleet model.
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3 Relevant criteria and issues for comparing
options

3.1 Introduction

In this section, a set of criteria is identified against which options can be evaluated. These include
criteria related to:

e Net GHG emission impact of the metric

e Impact of the metric on technology development and implementation, including the metric’s impact
on the transition towards a future sustainable transport system

e Economic impacts of the metric, including cost effectiveness from a manufacturer, user and
societal perspective

e Impact of the metric on energy dependence

o  Compatibility with other policy instruments

e Ease of implementation

e Acceptability

Various criteria are described in more detail in section 3.2. As will become clear from their description,
many criteria are interconnected. Impacts on costs e.g. depend on different technology choices which
may be promoted by different metrics, and these in turn affect impacts on WTW emissions and the
extent to which a metric fosters the transition towards a longer term sustainable transport system.

In the following chapters of this report, as well as in additional analyses which have been carried out in
Service Request 8 and separately reported in [TNO 2013], evaluations are made that provide
information on how different metrics score against several of the criteria listed below. A systematic
analysis of all metrics against all criteria, however, is not possible within the context of this project.

3.2 Relevant criteria for describing pros and cons of
options

3.21 Net GHG emission impact of the metric

= Control over the net contribution of the leqislation to reaching overall goals with respect to
reduction of GHG emissions and energy consumption

o CO, legislation for vehicles does not automatically lead to a net reduction of WTW GHG
emission of the transport sector. The latter are a product of the number of kilometres
driven (transport volume), the emissions and energy consumption per km of vehicles and
the WTT emissions per unit of energy from the production of fuels / energy carriers. As
soon as other energy carriers than petrol and diesel come into play, a reduction in vehicle
emissions no longer automatically leads to an overall reduction in emissions at a given
level of transport volume. the same can be argued for primary energy consumption.

o Including WTT emissions or energy consumption may improve control over the net
impacts of vehicle legislation on overall GHG emissions and energy consumption.

o Even in a situation without a significant share of alternative energy carriers including WTT
aspects may be considered useful, as it can also help to make sure that improvements in
conventional vehicle efficiency are not counteracted by increases in WTT emissions of
fossil fuels due to e.g. the increased use of unconventional oil or synthetic fuels.

o Inthis context also the following two aspects are relevant:

= Relation between type approval values and real-world performance
Fuel consumption and CO, emissions under real-world (RW) driving conditions
are generally larger than on the type approval (TA) test. For conventional vehicles
fuel consumption and CO, emissions are strictly correlated so that different
metrics do not influence the RW/TA ratio directly. Indirect effects may occur if
different metrics lead to different technology choices which may have different
consequences for the RW/TA ratio. This becomes even more complex when
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alternative technologies are introduced®, where TTW CO, emissions and TTW
energy consumption are no longer directly correlated.
» Knock-on consequences

Changes in vehicle technology or other vehicle attributes in response to regulation
may lead to changes in vehicle prices and in vehicle operation costs (incl. energy
costs), as also mentioned in section 3.2.3. These changes in total cost of
ownership may lead to positive or negative’ knock-on consequences on vehicle
ownership and usage which may amplify or dampen the effect of the regulation on
overall GHG emissions from transport. The choice of metrics or regulatory
approach affects technologies chosen to meet the targets and may thus affect the
size of possible knock-on consequences.

=  Sensitivity of the WTW GHG emissions of newly sold vehicles with respect to variation in the mix
of technologies which is used to meet the target set by the CO, regulation

o

In first order the legislation is aimed at reducing the GHG emissions of newly sold
vehicles. This criterion reflects the desire that the future metric and regulatory approach in
terms of net WTW GHG emission reduction should be insensitive to the mix of technical
options chosen by manufacturers to meet the target.

More specifically, the current TTW CO, based metric has the problem that WTW
emissions of new vehicles go up when the share of electric, plug-in hybrid or fuel cell
vehicles increases. The post-2020 metric should preferably not have this drawback.

In this context it is relevant to gain insight in the expected WTW CO, emission reduction
that is achieved for a technology mix that is cost-optimal from a manufacturers’ and user
perspective®.

= Sensitivity of the achieved fleet-wide WTW GHG emission reduction with respect to variation in the
mix of technologies which is used to meet the target set by the CO, regulation

o

This criterion is directly related to the above. Evolution of WTT emission factors for e.qg.
electricity generation and hydrogen production affects the fleet-wide impacts of introducing
alternative propulsion technologies.

= Sensitivity of the achieved fleet wide GHG emissions, according to the IPCC definition of GHG

emissions attributable to EU or Member States, with respect to variation in the mix of technologies
which is used to meet the target set by the CO, regulation

@)

3.2.2

The current CO, legislation for passenger cars and vans is intended to promote the development and
application of technologies that reduce CO, emissions from cars. Which technologies are more or less
strongly incentivised depends partly on the target level (e.g. as beyond some point lower levels can no
longer be met with improvements in conventional ICEV technology alone) and partly on the details or
modalities of the legislation. The metric is part of the latter.

This aspect could be politically relevant in international negotiations on GHG emission
reduction targets, especially in relation to the use of (imported) biofuels. The latter count
as zero-emission for an IPCC-based target set for the transport sector. Emissions of
biofuel production are attributed to the agricultural sector or do not count at all (in case of
imported biofuels).

Impact of the metric on technology development and implementation

= The degree to which the approach may favour specific technologies and thus depart from the
accepted technological neutrality desired in EU legislation

o

The criterion of “technology neutrality” is not unambiguously defined. Different definitions
are possible, with different levels of “strictness, and several are relevant in the context of
evaluating alternative metrics®:

= Target can be met with multiple technologies;

® For plug-in hybrid vehicles the direct CO, emissions in real-world driving are also affected by the share of electric driving. The RW/TA ratio for
TTW CO; emissions is expected to be higher than for TTW energy consumption, where electric driving does not count as zero.

7 Negative knock-on consequences are also known as rebound effects.

® This specific aspect is analysed in more detail in SR8 [TNO 2013]

° This specific aspect is analysed in more detail in SR8 [TNO 2013]
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= Target can be met with multiple technologies at comparable additional
manufacturer costs;

= Target can be with practically achievable shares of different technologies;

= The metric-target combination incentivises different technologies proportional to
their contribution towards meeting agreed objectives. This is e.g. determined by
whether different technologies contribute to meeting the target in a way that is
proportionate to their contribution to the overall fleet-wide WTW GHG emission
reduction or to their cost-effectiveness with regard to GHG emission reduction.
The latter is affected by possible cost leverages through the reduced need for
applying CO, emission reduction technology in ICEVs as a result of selling a
significant share of alternative vehicles.

= The degree to which the metric stimulates manufacturers to invest in technologies that may
effectively contribute to the transition towards a sustainable transport system in the long term

o

Future regulation should preferably promote the transition from the current high carbon
fossil-based system to the use of low-carbon energy sources (possibly including nuclear of
fossil-based energy combined with carbon capture and storage) and ultimately to
renewable primary energy for the transport sector.

Given that a large share of alternative technologies is likely to be necessary for meeting
longer-term (2050) GHG reduction goals for the transport sector, and knowing that
implementation of these alternatives is a complex and time-consuming transition process,
it may be considered beneficial for a metric if it somehow promotes innovation and early
action by manufacturers in marketing these alternatives. Obviously such an incentive is
not only determined by the choice of metric but by the combination of metric and target
level.

= Alignment of technology mix that leads to lowest costs for manufacturers or users with the
technology mix that leads to lowest GHG abatement costs from a societal perspec'five10

o

It is to be expected that manufacturers will optimise the mix of technologies that they
choose to meet a given target under a given metric in such a way that their costs are
minimised. As long as only conventional vehicles are sold minimizing additional
manufacturer costs for meeting a given target also leads to minimal costs to the user, as
the fuel cost savings are to first order determined by the target to be met. When alternative
technologies come into play the situation becomes more complex, and the optimum from a
manufacturer cost point of view may no longer be aligned with the optimum from a user
point of view. In turn the lowest cost solutions from a manufacturer and / or user
perspective may not be aligned with the lowest cost solution from a societal perspective.
Ideally the metric works in such a way that it incentivises manufacturers and users to
choose technologies that contribute to meeting the overall GHG emission reduction targets
at optimal societal costs.

=  Promoting improvements in energy efficiency in all powertrain technologies, incl. those with zero

TTW emissions

@)

3.2.3

= First order economic impacts include:

Including WTT emissions into the metric is not only relevant to make sure that vehicles
with zero TTW emissions on the type approval test -but non-zero WTT emissions- are
appropriately valued relative to conventional vehicles. It will also make sure that there is
an incentive to keep increasing the efficiency of these alternative technologies. The same
argument holds for moving to a TTW or WTW energy based metric. Such an incentive is
not present in a TTW CO, based metric.

Economic impacts of the metric

o

o

Impacts on costs at the manufacturer level
= In first order determined by the additional manufacturer costs associated with
implementing incremental improvements or alternative technologies for meeting
the target.
Impacts on costs at the user level

1% Analysis of this criterion is one the core assessments carried out in SR8 [TNO 2013]
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= Impact on total cost of ownership, influenced by increased vehicle costs on the
one hand and changes (in most cases a reduction) in energy costs on the other
hand.

= Due to taxation on vehicles and energy carriers, in the transport sector the cost-
effectiveness of reduction options from a societal point of view generally differs
from the cost-effectiveness from the user’s perspective.

Impacts on costs at the societal level

= Impact on total societal costs

= Impact on CO, abatement costs, i.e. on the cost effectiveness of vehicle GHG
emission reduction

= Resilience, or sensitivity of the costs to variations in compliance strategies™

o

In relation to the above cost criteria and the criteria related to the choice of technologies
also the sensitivity of costs with respect to technology choices, more specifically the
realised shares of alternative technologies, is a relevant criterion.

When significant shares of alternatives are necessary to meet a given target, this involves
a certain level of uncertainty for manufacturers as selling a certain amount of alternative
vehicles requires users buying these vehicles. If the costs for meeting the target are very
sensitive to the share of alternatives, e.g. due to high marginal costs for compensating
emission reductions not realised by these alternative with increased efficiency of
conventional vehicles, this involves a risk for manufacturers.

=  Wider economic impacts would include:

@)

@)
@)
@)

3.24

= Impact
O

= Impact
o

impacts on the competitiveness of the European car industry;

impacts on competitiveness of businesses using vehicles;

impacts on employment and economic growth in the EU;

effects on mobility volumes and modal choice and indirect impacts of that on other parts of
the economy.

Impact of the metric on energy dependence

of different scenarios on the total primary energy consumption

From a GHG emissions point of view it is not necessarily desired to make the net WTW
primary energy consumption insensitive to the mix of technical options chosen by
manufacturers to meet the target. 1 MJ of primary fossil energy is not equivalent to 1 MJ of
renewable energy.

But given the scarcity and costs of renewable energy a target that would easily allow the
WTW primary energy consumption to increase with the increased use of low carbon
energy carriers would make it more difficult to make sure that the required amounts of
such energy carriers can be delivered at acceptable costs.

of different scenarios on the primary energy consumption from different sources
The impact on the metric on the future energy mix for transport is relevant from an energy
dependence or energy security point of view.

= Degree to which enerqgy efficiency is promoted, also for vehicles with zero or low WTW GHG

emissions

o

3.25

The current TTW CO,-based metric does not provide an incentive for BEVs and FCEVSs to
become more efficient. For the longer term such incentives could be desirable.

There are intrinsic drivers to improve efficiency of zero-emission vehicles. In case of BEVs
a higher efficiency allows longer range with the same battery or the same range with a
smaller battery (and thus lower costs). Also energy costs are reduced. In FCEVs higher
efficiency also allows longer driving range on a tank of hydrogen and lower fuel costs.

Compatibility with other policy instruments

= Suitability of the values based on a given metric for application in labelling or in vehicle taxation
differentiated by CO, emissions or energy consumption

™ This specific aspect is analysed in more detail in SR8 [TNO 2013]
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o Where e.g. a WTW-based regulation at the European level is likely to work with EU-
average WTT emission factors, Member States may value different technologies
differently based on MS-specific WTT emission factors that may differ significantly from
EU-averages.

= If the metric is also to serve as a basis for policy instruments in Member States
(e.g. CO,-based taxation) the values used at the EU level may not be acceptable
to Member States.

= Interaction with the RED and FQD, specifically the parts of these policy instruments related to
reducing the carbon intensity of energy used for transport.
o This issue is part of a broader evaluation carried out in chapter 8 of this report.

3.2.6 Ease of implementation

»  Administrative burden
o Monitoring of type approval test results of newly sold vehicles is already part of the present
regulation. The monitoring mechanism may need some modifications to cater for a new
metric, but does not have to be developed and implemented from scratch.
o If WTT or life-cycle impacts are to be included these need to be monitored or at least
assessed at regular intervals. A mechanism for this would need to be developed and
implemented.

=  “Measurability” of required input parameters with respect to vehicles and energy carriers
o Possible need to develop new vehicle test procedures
= UN-ECE R101 caters for measurement of CO, emissions and energy
consumption of plug-in hybridslz. This procedure may need to be updated to
generate more representative results for the TTW CO, emissions and the
combined consumption of fuel and electricity by plug-in hybrids.

3.2.7 Acceptability

= Acceptance by stakeholders, incl. industry and Member States
o To increase acceptance the metric should be primarily linked to parameters that are
influenced by the regulated entity.

= According to some stakeholders WTT based approaches are considered
problematic for OEMs, who would be regulated (and potentially penalised) on the
basis of a metric that is considered be partly out of their control due to the WTT
factor. This, however, is a matter of interpretation. In a WTW-based metric
manufacturers are not made responsible for the WTT emissions, but in the
planning of their product portfolio they are made responsible for taking account of
the fact that (different) energy carriers have (different) WTT emissions.

o For the automotive industry predictability of specific targets for individual OEMs is
extremely important.

= Including WTT emissions or energy consumption may reduce predictability of the
target, especially if WTT factors are based on monitoring of actual emissions.
WTT factors need to be updated regularly to match trends in the energy system,
but the frequency of the updates is crucial for the predictability of the targets.

= Predictability is improved if those elements in the legislation that OEMs cannot
influence (specifically WTT emission factors for fuels/electricity in the EU or a
certain country) are the same for all manufacturers and determined well in
advance to allow product portfolio planning by OEMs in response to periodic
changes in these elements.

o The acceptability of WTT factors included in the legislation strongly depends on the
methodology used to determine these factors. Agreement on the monitoring mechanisms
implemented to assess WTT factors is thus an important factor in increasing acceptance
of WTW-based metrics.

» This aspect is especially relevant if LCA aspects (embedded emissions from the
production and decommissioning phases) would be included in the metric.

12 Off-Vehicle Charging (OVC) hybrids in R101 terminology, a category including both plug-in hybrids(PHEVs) and extended-range electric
vehicles (EREVS).
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» Representativeness of the values based on a given metric for the impacts in specific countries

o This criterion is related to the above criteria on WTW impacts of the metric.

o Where e.g. a WTW-based regulation at the European level is likely to work with EU-
average WTT emission factors, Member States may value different technologies
differently based on Member State specific WTT emission factors that may differ
significantly from EU-averages.

= If the metric is also to serve as a basis for policy instruments in Member States
(e.g. CO,-based taxation) the values used at the EU level may not be acceptable
to Member States.

= Also there may be a conflict of interest between the optimal way of meeting an EU
level WTW target for cars and the optimal solution at the MS level for meeting
GHG emission targets based on IPCC accounting rules.

» Transparency, intelligibility, simplicity
o Alternative metrics may lead to more complex legislation. In general increased complexity
tends to reduce acceptance.

3.2.8 Other criteria to be considered

In addition to the above criteria, which largely focus on the legislation’s effectiveness for reducing
energy consumption and CO, emissions of vehicles, also other aspects could be considered. These
are e.g. specified in the guidelines for Impact Assessments that the European Commission has to
make of proposed legislation. The most relevant aspect to be listed here could be:

o Potential effects on air pollution, noise, and safety, etc.

o These impacts are directly related to changes in the (propulsion) technologies applied to
vehicles. CO; legislation may lead to a shift in sales between petrol and diesel or may at
some point require alternative technologies such as battery-electric and fuel cell vehicles
with zero local exhaust emissions and low noise emissions especially in urban driving.

o These impacts could especially be relevant if also life-cycle impacts (from production,
decommissioning / recycling) would be included.

o Indirectly air pollution, noise, and safety may be affected by the knock-on consequences of
the legislation. If CO, legislation affects the purchase price of vehicles or the costs per
kilometre, this will have impacts on the transport volume as well as the modal split, which
in turn have impacts on air pollution, noise, and safety, but also on e.g. congestion.

3.3 Methodological issues related to metrics and
regulatory options

3.3.1 How to account for GHG intensity of energy carriers such as electricity and
hydrogen?

Including WTT emissions into the CO, regulation for vehicles requires a specific and accountable
methodology that defines how upstream emissions are to be attributed to energy carriers such as
electricity and hydrogen. A detailed discussion as well as a determination of WTT factors for use in the
assessments carried out in this study can be found in Annex A.

At this point in time there is no scientific consensus on the method for attributing GHG emissions from
production of electricity or hydrogen to electric and hydrogen vehicles. Attribution of upstream
emissions from electricity production can e.g. be based on average emission factors for the national
generation system or marginal emissions determined at different system levels. Also average emission
factors can be defined in different ways, e.g. based on the national production mix or the national
consumption mix (including imports and excluding exports) or more specifically on the mix of sources
from which electricity is supplied to consumers.

The issue is furthermore complicated by the interaction with the EU-ETS. Formally it could be argued
that the marginal emissions of additional electricity production are zero due to the emission cap
imposed by the EU-ETS. In practice this is not likely to be the case due to various forms of carbon
leakage in the EU-ETS, e.g. related to JI/CDM which allows the purchase of emission credits from
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projects outside the EU. However, even without this, it is difficult to see how and why in practice the
“last” electricity used should be given a different GHG intensity from the rest of the electricity
consumption. From a system point of view the marginal emissions approach makes sense, as it
assesses what the net impact on the CO, emissions of the system is of a given change in the system,
all else remaining equal. The situation of one change in the system, however, is rather academic. In
reality there is always more than one thing changing. It then becomes difficult / impossible to say which
kwh (with which marginal emissions) is to be attributed to which change. This would be the main
argument to go for average emissions rather than a marginal emissions approach.

Overall some approach based on average emissions seems most fair, as it attributes emissions to all

users of electricity, so that also all electricity consumers benefit from greening of the electricity
production. Similar considerations apply to hydrogen.

o coal
from specific base load

power plant

from specific peak load
/ power plant hiom
1 average emissions of
|

national mix

emissions of contracted e.g. certificates of origin or

production source

marginal emissions zero ! .
duegt]o EU-ETS? 5 not watertight:

(cap & trade system)

) “marginal emissions” are emissions produced by power plant that is switched on, or from which output
is increased, when EV is plugged into the grid and starts to charge

%) CCS = Carbon Capture and Storage

% ETS = Emission Trading System

Figure 2  Different ways of attributing upstream emissions of electricity production to consumed kWhs

In case of biofuels WTT emissions often occur outside the country or even outside the EU. Proper
monitoring and certification of these emissions, and appropriate means of accounting for Indirect Land-
Use Change (ILUC) effects, are the main challenges.

3.3.2 Challenges for CO; regulation and FQD with respect to accounting for
effects in the entire energy chain

The Fuel Quality Directive™ contains elements aiming at decarbonisation of energy carriers for
transport. Together with the vehicle-based CO; or energy regulation, aimed at improving the energy
efficiency of vehicles, this is intended as a kind of integrated approach to achieve sustainable mobility
(see Figure 3). But whether the combination secures that the right technologies are chosen and the
desired reductions are achieved depends on details of their implementation. With the vehicle
regulation it is now considered to include WTT aspects. At the same time development of a metric for

3 DIRECTIVE 2009/30/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 amending Directive 98/70/EC as
regards the specification of petrol, diesel and gas-oil and introducing a mechanism to monitor and reduce greenhouse gas emissions and
amending Council Directive 1999/32/EC as regards the specification of fuel used by inland waterway vessels and repealing Directive 93/12/EEC
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effectuating the FQD policy seems to require inclusion of factors that account for the TTW efficiency of
vehicles. This constitutes a risk for double counting or for creating flaws and loopholes.

The FQD states that “Suppliers should, by 31 December 2020, gradually reduce life cycle greenhouse
gas emissions by up to 10 % per unit of energy from fuel and energy supplied. This reduction should
amount to at least 6 % by 31 December 2020, compared to the EU-average level of life cycle
greenhouse gas emissions per unit of energy from fossil fuels in 2010, obtained through the use of
biofuels, alternative fuels and reductions in flaring and venting at production sites. Subject to a review,
it should comprise a further 2 % reduction obtained through the use of environmentally friendly carbon
capture and storage technologies and electric vehicles and an additional further 2 % reduction
obtained through the purchase of credits under the Clean Development Mechanism of the Kyoto
Protocol.” The methodology to calculate the contribution of electric road vehicles towards this target is
currently being developed. Such methodology is in first instance necessary to enable energy suppliers
to report annually to the authority designated by the Member State on the greenhouse gas intensity
and amount of different energy carriers supplied to the transport sector within that Member State. The
way the methodology is defined will largely determine the net incentive provided by the FQD for energy
suppliers to invest in promoting the use of electric vehicles.

requlation olicy goals innovation/ economic
9 policy g transition policy instruments
R&D policy

low carbon intensity promotion plans for

FQD/RED —— A ——— - electric vehicles
gy \ public procurement
Iow—c_arbon / CO, differentiation of
vehicles vehicle taxes
: energy efficient more efficient driving road charging
CO, regulation — v?ayllﬂcl s behaviour
. GO taxation of fuels
more sustainable (partly inrevision
mobility patterns of ETD)

COypricethrough’a
cap/&irade system
eco-driving (exists foraviation)

e:g. mobility
management

Figure 3  Interaction between FQD/RED and CO, regulation in promoting low-carbon vehicles and role of these
measures in a wider policy context aimed at sustainable mobility

The case of the FQD already reveals some complexities. The first one concerns e.g. the way in which
one can determine the amount of electricity that is supplied to electric vehicles. Electricity supplied
through charging poles can be monitored, but the amount of electricity taken up by electric vehicles
through home charging is more difficult to measure. The second issue relates to monitoring the carbon
intensity. The formal definition of carbon intensity (in gCO,-equiv./MJ) of all energy carriers used for
transport in a country is:

Y GHG;X E;
GHG intensity = =
YiEi

In the above formula GHG; is the carbon intensity of energy carrier i (in gCO,-equiv./MJ) and E;the
amount of energy of type i used in transport (in MJ).
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In this definition the replacement of fossil fuels by electricity may lead to an increase in the GHG
emissions per MJ, even when the assumed gCO,/MJ for electricity is such that electric vehicles would
provide a net gCO,/km reduction compared to conventional vehicles. This is due to the fact that
electric vehicles are much more energy efficient on a tank-to-wheel basis than conventional vehicles.
In order for the FQD to provide a net incentive for promoting the use of electric vehicles, the above
formula thus needs to be adjusted to correct for the difference in energy efficiency of conventional and
electric vehicles. In the provisions for the FQD that are currently being developed this is done in the
following way:

YiGHG;XAF;X E;
XiEj

GHG intensity =

In this equation AF; is an adjustment factor that accounts for the difference in efficiency between
conventional vehicles and vehicles with alternative energy carrier i. In the current proposal AF; equals
1 for all conventional fuels and 0.4 for electric vehicles. For other energy carriers no specifications are
proposed. Apart from the apparent lack of generalisation, it is most of all clear that this correction
moves the formula away from a formal definition of carbon intensity, and requires introduction of
correction factors of which the value is debatable and affects the impact of the policy instrument.

The GHG intensity targets of the FQD and the CO, legislation for cars and vans are intended as
complementary measures that together induce a net reduction of GHG emissions from transport by on
the one hand decarbonising the energy used by transport and on the other hand reducing energy
demand by making vehicles more efficient. Both instruments not only reduce emissions from vehicles
running on fossil fuels, but also provide incentives for the increased use of electricity and hydrogen in
the transport sector. Proper tuning of the metrics and target settings used in both instruments is
necessary to avoid loopholes or conflicting incentives. To fully manage achievement of a net reduction
in GHG emissions from transport also additional policy is needed to control the growth of vehicle
kilometres.

More detailed considerations on interaction between CO, regulation and the FQD / RES are given in
chapter 8.

3.3.3 CO, emissions and energy consumption of plug-in hybrids

Plug-in hybrids and range-extender electric vehicles are vehicles that are able to run on fuel, e.g.
petrol or diesel burnt in an ICE, and electricity charged from the grid. As defined in UNECE R101, fuel
consumption and CO, emissions of such plug-in hybrids and range-extender electric vehicles are
determined by combining the results of two tests, one starting with a fully charged battery and one
starting with a depleted battery. These test results are combined as follows:

_De'M1+Dav'M2

M D, + Dqg,
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 storage device;

M, = mass emission of CO, in grams per kilometre with an electrical energy/power storage
device in minimum state of charge (maximum discharge of capacity);

D, = vehicle's electric range, according to the procedure described in Annex 9 to this
Regulation, where the manufacturer must provide the means for performing the
measurement with the vehicle running in pure electric operating state;

D,, = 25km (assumed average distance between two battery recharges).

Similar formulae are used to calculate type approval fuel consumption, electricity consumption and
pollutant emissions on the basis of the two separate tests.

Plug-in vehicles (PHEVs) with an electric range exceeding 11 km (the length of the NEDC cycle), and
with sufficient electric power, are able to run the first test without use of the ICE, and thus without
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consuming fuel. For those vehicles the combined test result can be seen as representing the CO,
emissions over a trip with a length equalling the vehicle’s electric range (driven purely electric) plus 25
km driven on the ICE.

For current PHEVs on the market typical electric ranges, as measured in type approval testing, vary
from 25 km (Toyota Prius plug-in) to 87 km (Opel Ampera and Chevrolet Volt). This means that the
share of electrically driven kilometres, as implicitly assumed in the above formula, ranges from some
50% to about 80%. How PHEVs compare to other propulsion systems in the various metrics is heavily
determined by this share of electrically driven kilometres and thus by the choice of the value for D,,,. If
these shares do not correspond adequately to average shares of electrically driven kilometres under
real world driving conditions, the metrics may not treat PHEVs in a fair way compared to other options.

As PHEVs only entered the market recently it could be advisable to monitor actual shares of electric
driving and to adjust the value of D,, to the observed average as soon as this has been established
with a sufficient degree of reliability and representativeness.
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4 Impact of various metrics on WTW
emissions of new vehicles in the target
year and interaction of technologies

4.1 Introduction

In this chapter the “internal logic” of various alternative metric options is analysed by means of
example calculations that illustrate:

a) the impact on the average new vehicle WTW GHG emissions of varying shares of alternative
technology vehicles in the new vehicle sales and of varying WTT emissions of the associated
energy carriers;

b) the impact of changes in the share and energy efficiency of alternatively powered vehicles such as
EVs on the required energy efficiency and CO, emissions of ICEVs (or vice versa) for meeting a
given target.

The former (aspect a) is a check on whether the introduction of alternative technologies may lead to
“WTW CO, leakage” under a given metric. Such leakage occurs under the current TTW-based CO,
target, but it needs to be checked whether and to what extent alternative metrics solve this problem.

Aspect b) illustrates what we call the “leverage” or “waterbed function” that is inherent to targets that
cover the average emissions or energy consumption of a group of vehicles. Such a leverage is already
present without alternatively powered vehicles, as under the present regulation selling one very
efficient vehicle allows all other vehicles in the sales of a manufacturer to emit a fraction more. This
leverage is amplified when certain vehicle types have a very different performance from others under a
given metric, as is the case for EVs and FCEVs which count as zero emission under the present TTW-
based CO, target.

The analysis also explores the amount of flexibility that exists under a given target / metric combination
in terms of variation in the shares of different technologies that allow the target to be met.

4.2 Methodology for modelling the impact of various
metrics on TTW and WTW emissions and energy
consumption of new vehicles in the target year

42.1 A simplified modelling approach

A spreadsheet tool has been developed to assess the allowed energy consumption and CO,
emissions of average conventional vehicles (a mix of petrol and diesel vehicles) under targets set on
the basis of different metrics as function of the share of alternative zero-emission vehicles (ZEVs), their
energy efficiency, and the WTT GHG emissions in the various energy chains, and to assess the
average WTW CO, emissions of new vehicles as function of the aforementioned aspects.

As the intention of the assessment is to illustrate the inherent logic and basic sensitivities of various
metrics, the model only includes battery electric vehicles (EVs) as alternative technology. Similarly, for
conventional vehicles no distinction is made between petrol and diesel or between different size
classes. While this simplifies the analysis, it may cause the sensitivity to be somewhat exaggerated
compared to a situation with more types of powertrains available for some of the metrics, as the impact
of changes in the assumptions for one of the technologies (in this case EVs) could then be
compensated not only by changes in the characteristics of ICEVs but also of other alternatives in the
new vehicle fleet (e.g. FCEVs). For the TTW CO, based metric, however, all ZEV count as zero
emission (with the effect of a given share of PHEVs roughly equivalent to that of a smaller share of
EVs), so that conclusions do not depend on the ZEV chosen as in the example calculations.

Especially in the medium term it may be more likely for PHEVs to achieve a large share in the new
vehicle sales than for EVs. The above described simplification of the modelling can be considered to
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cater for that as well, as the impact of an assumed share of EVs to first order can be considered
roughly equal to that of a twice as large share of PHEVSs.

The steps followed in this assessment are shown in the flow chart depicted in Figure 4.
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Figure 4 Flow chart showing the steps followed in the assessment presented in this chapter

4.2.2

Comparison of the sensitivity of different metrics with respect to variations in the share of alternative
vehicles, their energy efficiency, and the WTT GHG emissions in the various energy chains requires
definition of equivalent targets under the different metrics in order to separate the impact of the
stringency of the target from that of the choice of metric. This approach is necessary for the purpose of
this comparison but would cease to be of concern if a choice was made to use any of the options
available. The method for determining equivalent targets could then be applied to assure that the first
target defined on the basis of a new metric, e.g. in year x + 5 is of a stringency that is compatible with
what would be expected on the basis of the TTW CO, based target existing for year x.

Setting equivalent targets for different metrics

If the starting point is a TTW CO, based target, as in the current legislation, the calculation of
equivalent targets for alternative metrics such as WTW CO, emission or TTW or WTW energy
consumption, depends on the technologies that are assumed to be deployed in order to reach the
TTW CO, based target.

Assuming the target is met by ICEVs only, the TTW CO, based target can be translated to the other
metrics using the TTW and WTT CO, emission values (in g/MJ) for conventional fuels. WTT CO,
emissions may change over time as function of changes in the fossil energy chains and an increasing
share of blended biofuels.

Assuming that the target is met by a mix of ICEVs and EVs, the new vehicles sales average WTW CO,
emissions or TTW or WTW energy consumption is calculated using the TTW and WTT CO, emission
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values (in g/MJ) for conventional fuels, combined with the WTT emissions from the production of
alternative energy carriers and the assumed energy consumption of alternative vehicles using these
energy carriers (in this simplified case: electricity generation and EVs). These values are used as
equivalent targets for the different metrics.

For short term targets (up to 2025 or 2030) both options are generally feasible in the light of current
knowledge. For longer term targets on a trajectory that is compatible with the Commission’s ambition
to reduce CO, emissions from transport by 60% the target values can in principle not be met by ICEVs
only, unless one assumes currently unknown technologies to be available or drastic changes in the
size and performance of vehicles. Also equivalent targets based on the 100% ICEV assumption may
lead to unrealistic values for the TTW energy consumption of ICEVs if the target is assumed to be met
with a finite share of EVs in the new vehicle fleet. This will be illustrated further on in this chapter. For
all options assessments are presented for both ways of identifying equivalent targets.

4.2.3 Example calculations

Example calculations are performed for three different target years: 2020, 2030 and 2050. The starting
point for the 2020 situation is the existing 95 g/km target based on TTW CO, emissions. For 2030 and
2050 TTW CO, targets have been derived from the reconstruction of the reference scenario underlying
the European Commission’s White Paper as described in chapter 5. These assumptions are therefore
consistent with the reference scenario used for the assessment at the fleet level presented in that
chapter. Vehicle and energy carrier specifications and equivalent targets for the different metric and
target years are listed in Table 2. The precise value of the targets is not crucial since the purpose of
the analysis is to understand what the implications of different approaches would be.

The WTT emissions from electricity generation in Table 2 correspond to the “decarbonisation scenario”
as described in Annex A.2.3. Similarly the WTW emission factors for biofuels, which have been used
to calculate the WTW emission factors of conventional fuel with increasing biofuel share between 2020
and 2050, are based on the “decarbonisation scenario” as described in Annex A.2.2.

It is to be noted that these calculations use only one set of assumptions for the three years and are for
illustrative purposes only, to demonstrate the behaviour and challenges relating to different options. A
much more detailed investigation with multiple scenarios and sensitivity tests has subsequently been
performed for the 4 TTW and WTW based metrics in Service Request 8 [TNO 2013].

From Table 2 we can see that equivalent targets for alternative metrics are always higher when the
target is based on the assumption that the TTW GHG target is met by a mix of ICEVs and EVs instead
of on the 100% ICEVs assumption. Target values for the 100% ICEVs assumption may become
unrealistically low, as is illustrated in the analyses below. Under this equivalent target setting the
required energy consumption of ICEVs may even become negative if a high share of ZEVs is
assumed, as the target may be lower than the energy consumption of these ZEVs. This means that for
the short term there may be a choice regarding the assumption on which the equivalent target is
based, if it is decided to move from the present TTW GHG based metric to an alternative metric.
However, in the longer term targets would be set taking account of technological development and
deployment as well as the shares of different ZEVs that would have been experienced and would be
expected or considered feasible for meeting the target.

The figures shown in Table 2 form the basis for all the subsequent graphs and analysis in this section
of the report.
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Table 2 Assumptions with respect to specifications of vehicles and energy carriers and equivalent targets for
different metrics and target years

2020 2030 2050
vehicle and |energy consumption EVs 0.160 0.160 0.160(kWh/km
energy energy consumption EVs 0.574 0.574 0.574{MJ/km
specs share of EVs in baseline scenario 1% 34% 69%
energy consumption of ICEVs in baseline with TTW CO2 target 1.309 1.137 0.924{MJ/km
TTW CO2 emission of ICEVs in baseline with TTW CO2 target 96.0 83.3 67.7]g/km
assumed minimum TTW CO2 emissions of ICEVs 95.0 55.0 55.0/g/km
EU average WTT emissions of electricity production 205.5 100.6 3.6|g/kWh
EU average WTT emissions of electricity production 57.1 27.9 1.0{g/MJ
biofuel share in petrol/diesel 9.1% 10.4% 39.8%
WTW/TTW emissions of petrol/diesel with biofuels 1.13 1.10 0.80(g/g
WTT energy consumption of fuel production 0.28 0.32 0.66|MJ/MJ
equivalent [TTW CO2 target 95.0 55.0 21.0|g/km
targets WTW CO2 (based on 100% ICEV) 107.4 60.5 16.8[g/km
WTW CO2 (based on ICEV / EV mix) 107.7 66.0 17.2{g/km
TTW MJ (based on 100% ICEVS) 1.30 0.75 0.29|MJ/km
TTW MJ (based on ICEV / EV mix) 1.30 0.95 0.68|MJ/km
WTW MJ (based on 100% ICEV) 1.66 0.99 0.48|MJ/km
WTW MJ (based on ICEV / EV mix) 1.67 1.45 1.20|MJ/km
TTW CO2 with notional WTT factor al for ZEVs (based on 100% ICEVs) 95.0 55.0 21.0|g/km
TTW CO2 with notional WTT factor a2 for ZEVs (based on 100% ICEVS) 95.0 55.0 21.0|g/km
TTW CO2 with notional WTT factor a3 for ZEVs (based on 100% ICEVs) 95.0 55.0 21.0|g/km
TTW CO2 with notional WTT factor al for ZEVs (based on ICEV / EV mix) 95.1 57.5 21.0|g/km
TTW CO2 with notional WTT factor a2 for ZEVs (based on ICEV / EV mix) 95.3 59.9 21.7|g/km
TTW CO2 with notional WTT factor a3 for ZEVs (based on ICEV / EV mix) 95.4 64.9 23.8|g/km

4.2.4 How to read the following graphs?

If only two technologies are considered, all metrics have the same basic structure:
a1 " X1 + a2 " xz = taT'get

with a; and x; respectively the share and average emission or energy consumption of technology i. If
the average emission or energy consumption of one technology is fixed the average emission or
energy consumption of the other technology becomes inversely proportional to the share of the first
technology:

target —a, - x,
X, =—=
! 1-ay)

We assume a situation in which only ICEVs (with a range of options to reduce CO, emissions) and
electric vehicles (EVs) are marketed. If in that case a fixed TTW energy consumption of EVs is
assumed, the TTW and WTW CO, emissions of ICEVs depend non-linearly on the share of EVs as
shown in Figure 5. The average TTW emissions of new vehicles remain constant, as required by the
TTW CO, based legislation, so the TTW emissions of ICEVs are expected to vary in response to the
share of 0 g/km EVs in the new vehicle sales. This figure also shows that the average WTW CO,
emissions of new vehicles linearly increase with the share of EVs. Comparing graph a), which
assumes WTT emissions for EVs to be 100 g/kWh, to graph b), which assumes 250 g/kWh, it can be
seen that this increase is stronger if the WTT emissions of electricity production are higher. The TTW
emissions of ICEVs are not affected by the WTT emissions of EVs.

The latter is further illustrated in graph a) of Figure 6. This graph also illustrates how an equivalent
target can be defined if the TTW CO, based legislation is to be replaced by legislation using a WTW
CO, based metric. As mentioned in section 4.2.2, definition of an equivalent target requires
assumptions on the technologies with which the original target is met. If one assumes that a TTW
target of 55 g/km is met by selling 75% ICEVs and 25% EVs, with the EVs having WTT emissions of
250 g/kwWh and the ICEVs having a WTW/TTW ration of 1.1 (i.e. 0.1 g/km WTT emissions per 1 g/km
TTW emissions), the equivalent WTW CO, based target is 70.4 g/km.
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Graphs b) and c) of Figure 6 show how the TTW and WTW emissions of ICEVs, EVs and the average
for all new vehicles depend on the share of EVs in the new vehicle sales and on the WTT emissions of
EVs for a legislation that applies this equivalent target of 70.4 g/km on the basis of a WTW CO, metric.
Under this metric the average WTW emissions remain constant. Again the emissions of ICEVs vary as
function of the share of EVs, but the sensitivity is less pronounced as EVs are not zero-emission under
a WTW CO, based metric. In this case the TTW emissions of ICEVs do depend on the WTT emissions
of EVs, though, going down with increasing WTT emissions from electricity production.

How to read the graphs?
Dependence of the TTW and WTW emissions of ICEVs and of the averages for all new
vehicles on the share of EVs under a TTW CO, based metric

TTW CO, target with WTTgjectriciry = 100 g/kWh
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100 ——TTW average
- = WTW ICEV
—_ - = WTW EV
é 80 = = WTW average
&4
w
s
E 60
E Micev * GIZ2 + zy - GEY = Gl e
£ 40 oy = Gl
© I = (= ngy)
20
TTW CO, target = 55 g/km
o]
0% 10% 20% 30% 40% 50%
share of EVs
TTW CO, target with WTTejectricity = 250 8/kWh
120 ——TTW ICEV
b) e TTW EV
100 ——TTW average
- = WTW ICEV
.E. - — WTWEV
= 80 = = WTW average
]
w
g
E 60
H Micev * G + nev* GEY = GIEle
g A0 == GITW
w G(TCTEL: = target
(1 —ngy)
20
TTW CO, target = 55 g/km
0

0% 10% 20% 30% 40% 50%
share of EVs

Figure 5 Dependence of the TTW and WTW emissions on the share of EVs under a TTW CO; based metric
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How to read the graphs?

Definition of equivalent targets for a TTW and WTW CO, based target and illustration of the
dependence of the TTW and WTW CO, emissions of ICEVs and the averages for new

vehicles on the share and WTT emissions of EVs

Effect of WTTjectricity assumption on setting an equivalent WTW CO, target
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Figure 6  Definition of equivalent targets for a TTW and WTW CO; based target
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4.3 GHG emission based metrics

43.1 Tailpipe CO, emissions as in existing Regulation (option 1.a)

Results for TTW GHG based metric

General comments

EVs count as zero-emission under a TTW CO, based target. When EVs are introduced in the new
vehicle sales the remaining ICEVs are allowed to emit more CO,. As their WTW GHG emissions are
not zero, an increasing EV share leads to increasing average WTW GHG emissions of new vehicles.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 7)

General | Obviously higher or lower WTT emissions from electricity generation would lead to a larger
or smaller impact from the introduction of EVs on the average new vehicle WTW CO,
emissions under a TTW CO, based target for the same EV share.

2020 Weak

For the 95 g/km TTW target in 2020 WTW emissions are not very sensitive to variations in
WTT emissions from electricity production. This is due to the low assumed share of EVs in
2020 (1%).

2030 Strong

If the 2030 target is met by a large share of EVs or PHEVS, as is assumed in this example,
the WTW emissions are found to vary strongly with the actual WTT emissions from
electricity production. This is caused by the high share of EVs on the one hand and the
significant WTT emissions from electricity production on the other hand.

2050 Weak

Although the share of EVs further increases towards 2050, the sensitivity of WTW
emissions to variations in WTT emissions from electricity production decreases, as a result
of the fact that it is assumed these emissions are becoming very small.

Sensitivity of WTW emissions to EV share (Figure 8)

General

2020 Strong
For the 95 g/km TTW target in 2020 WTW emissions are very sensitive to variations in the
actual share of EVs. This is due to their high WTT emissions.

2030 Strong
WTW emissions are found to vary strongly with the actual share of EVs. This is caused by
the still significant WTT emissions from electricity production in 2030.

2050 Weak
By 2050 the sensitivity of WTW emissions to variations in the share of EVs decreases, as a
result of the fact that it is assumed their WTW emissions are becoming very small.

Sensitivity of ICE TTW emissions to EV share (Figure 8)

General | As can be seen from Figure 7, the TTW emissions of ICEVSs, required for meeting the TTW
GHG based target, do not depend on the WTT emissions of electricity production. However,
the TTW emissions of ICEVs do depend on the share of EVs in the new vehicle fleet.

2020 Moderate
The change in TTW emissions of ICEVs for a given change in the share of EVs is similar to
that in 2030, but given the low share absolute variations are expected to be smaller.

2030 Moderate

In the medium to long term a lower than expected share of EVs in the new vehicle fleet may
lead to TTW emission reduction requirements for ICEVs that may be difficult or impossible
to meet.

2050 Strong
Especially for very low TTW CO, targets, that will be necessary in the long term (2050), the
TTW emissions of ICEVs become very sensitive to variations in the share of EVs.

Impact of over/under estimating EV share
A larger than expected share of EVs allows for higher TTW emissions of ICEVs.

Other remarks
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TTW GHG based target
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050
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Figure 7  lllustration of the impact of the GHG intensity of electricity generation on average WTW GHG

emissions of new vehicles, for an assumed share of EVs. The upper, middle and lower graphs are
examples case for 2020, 2030 resp. 2050.
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TTW GHG based target
Impact of the share of EVs on the average WTW GHG emissions of new vehicles,
for an assumed GHG intensity of electricity in 2020, 2030 and 2050
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Figure 8 lllustration of the impact of the share of EVs on the average WTW GHG emissions in g/km for new

vehicles sold. The upper, middle and lower graphs are examples case for 2020, 2030 resp. 2050.
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4.3.2 Tailpipe CO, emissions for ICEVs with exclusion of Zero Emission Vehicles
(option a.2)

Under this metric the energy efficiency and CO, emissions of ICEVs are not affected by the share of
EVs nor by the assumed WTT GHG emissions of electricity production. The impact of an increasing
share of EVs (or other alternative vehicles) on new vehicle average WTW emissions depends on the
assumed targets for ICEVs, the efficiency of the alternative vehicles and the WTW GHG emissions of
the various energy carriers. Table 3 shows WTW emissions of ICEVs and EVs for the assumptions
used in this chapter (see Table 2). It shows that for this metric average WTW emissions will decrease
with an increasing share of EVs in all target years. This would even be the case if the assumed WTT
emissions from electricity production would be twice as large or if the assumed TTW targets for ICEVs
in the target years would be significantly lower than those assumed in Table 3. A specific challenge
with this metric would be to determine which vehicles would be excluded, in particular in relation to
PHEVs.

Table 3 Comparison of average WTW emissions of ICEVs and EVs based on the assumptions as listed in

Table 2
2020 2030 2050
TTW target for ICEVs 95.0 55.0 55.0|g/lkm
WTW emissions of ICEVs 107.4 60.5 44.0|g/km
WTW emissions of EVs 32.8 16.0 0.6/g/km

4.3.3 Tailpipe CO, emissions with notional GHG intensity for Zero Emission
Vehicles (option a.3)

Below a number of example cases are discussed which are based on the general assumptions as
listed in Table 2. The notional WTW GHG intensity factors for EVs as used in the examples are
presented in Table 4. These factors are derived by the method indicated in section 2.2.3 on the basis
of assumed WTT emission factors for electricity generation and the WTT/TTW emissions of
conventional fuels.

Table 4 Notional WTW GHG intensity factors for EVs as used in the examples discussed below.

2020 2030 2050
notional WTT factor for ZEVs al 24.6 12.6 0.0[{g/MJ
- equivalent to WTT CO2 factor for electriciy generation 100.0 50.0 0.0/g/kWh
notional WTT factor for ZEVs a2 49.2 25.3 1.7|g/MJ
- equivalent to WTT CO2 factor for electriciy generation 200.0 100.0 5.0|g/kWh
notional WTT factor for ZEVs a3 73.7 50.5 6.9|g/MJ
- equivalent to WTT CO2 factor for electriciy generation 300.0 200.0 20.0|g/kWh

Using these notional factors the target is defined as:

TTW  _ . TTW .. pTTW
Gtarget = Nicev " Gicev + Mev - @ Egy

with ELTY the average TTW energy consumption of EVs.

Given a target G{;s.r and an assumed value EL;" for the TTW energy consumption of EVs it is
possible to calculate the average TTW CO, emission of ICEVs G/, that is required for meeting the
target, as function of the share of EVs and their assumed nominal GHG intensity. This can be
interpreted as an effective target for ICEVs under the overall target defined using the metric assessed
here. In the following graphs these TTW CO, emission of ICEVs are depicted as dashed grey lines.
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Results for TTW GHG based metric with notional GHG intensity for ZEVs

Equivalent targets based on the assumption that the
TTW CO, target can be met with 100% ICEVs

General comments

If the equivalent target for this metric is based on the assumption that the TTW CO, target is met by
ICEVs only, the target for this alternative metric is equal to the original TTW CO, target and does not
vary with the assumed notional WTT emission factor for ZEVs.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 9)

General | The leverage of ZEVs on WTW emissions is not fundamentally changed by using notional
WTT factors but its pivot point is shifted.

2020 Weak

2030 Strong
The impact depends on the share of EVs and their actual WTT emissions, and is in this
example therefore the largest for the 2030 case.

2050 Weak

Sensitivity of WTW emissions to EV share (Figure 10)

General | The use of notional WTT factors makes the average WTW emissions of new cars less
sensitive to changes in the share of EVs. The impact of EVs on average WTW emissions is
completely cancelled if the notional WTT factor equals the actual WTT factor of electricity
generation divided by the WTW/WTT factor for conventional fuels.

2020 Moderate — none (depending on value of notional GHG intensity)

Effect is smaller than for TTW GHG based metric. If the notional GHG intensity for EVs is
higher than the actual WTT emissions, the average WTW emissions decrease with
increasing EV share.

2030 Moderate — none (depending on value of notional GHG intensity)
For notional GHG intensity for EVs smaller or larger than the actual WTT emissions of EVs.

2050 Weak — none

Variations in the share of EVs are compensated by variations in the TTW emissions of
ICEVs. For low shares of EVs these variations go beyond levels that can be reached by
presently known technologies and existing vehicle configurations.

Sensitivity of ICE TTW emissions to EV share (Figure 10)

General | For a given share of EVs the TTW emissions of ICEVs decrease with increasing notional
WTT factor for EVs. The TTW emissions of ICEVs can still increase with an increasing
share of ZEVs, but this increase is less for higher notional WTT emission factors.

The TTW emissions of ICEVs is especially sensitive for EV shares that are higher than
expected value.

2020 Moderate (but less than TTW GHG based metric)
EVs shares for 2020 are expected to be low. A larger than expected share of EVs allows for
higher TTW emissions of ICEVs (above 95 g/km).

2030 Moderate (but less than TTW GHG based metric)

Sensitivity is reduced for higher values of the notional GHG intensity of ZEVs. A 10% higher
share already brings the TTW emissions of ICEVs back to levels compatible with the 2020
target of 95 g/km.

2050 Strong

If the actual share of EVs in 2050 is low, the TTW emissions of ICEVs need to be reduced
to levels that cannot be reached by presently known technologies and existing vehicle
configurations. A 10% higher share already brings the TTW emissions of ICEVs back to
levels compatible with the 2020 target of 95 g/km.

Impact of over/under estimating EV share

Other remarks
TTW emissions to be realised by ICEVs are independent of the actual WTT emissions of EVs.
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TTW GHG based target with notional GHG intensity for ZEVs
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 9  lllustration of the impact of actual WTT emissions of EVs on average WTW GHG emissions for new

vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it can be met by ICEVs only.
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TTW GHG based target with notional GHG intensity for ZEVs
Impact of the share of EVs on average WTW GHG emissions of new vehicles and TTW GHG
emissions of ICEVs, for an assumed GHG intensity of electricity in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 10 Illustration of the impact of the share EVs in the new vehicle sales on average WTW GHG emissions
of new vehicles. All graphs are for the case where the equivalent target is determined under the
assumption that it can be met by ICEVs only.
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Results for TTW GHG based metric with notional GHG intensity for ZEVs
Equivalent targets are based on the assumption that the
TTW CO, target is met with a specified mix of ICEVs and EVs

General comments

If the equivalent target for the option of using a notional WTT emission factor for ZEVs is based on the
assumption that the TTW CO, target is met by a mix of ICEVs and ZEVs, the target for this alternative
metric increases with an increasing notional WTT emission factor for ZEVs. As a result for a given EV
share the TTW emissions of ICEVs are not affected by the assumed notional WTT factor for ZEVs. As
a result the lines for the TTW emissions of ICEVs in Figure 11 overlap.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 11)

General | The assumed notional WTT factor for ZEVs does not affect the average WTW emissions of
new cars. This means that this alternative metric does not reduce the adverse impact of
ZEVs on the new vehicle average WTW emissions, if the equivalent target is based on the
assumption that the TTW CO, target is met by a mix of ICEVs and ZEVs.

2020 Weak
Same as for TTW GHG based metric.

2030 Strong
Same as for TTW GHG based metric.

2050 Weak
Same as for TTW GHG based metric.as for TTW GHG based metric.

Sensitivity of WTW emissions to EV share (Figure 12)

General | Changes in the actual share of ZEVs compared to what was assumed for setting the
equivalent target still affect the new vehicle average WTW emissions. If the actual share of
EVs is higher than the value assumed for setting the equivalent target, the use of notional
WTT factors will lead to lower WTW emissions than in the case of the TTW CO, based
target. However, if the actual ZEV share is lower than the assumed value, this alternative
metric leads to higher WTW emissions. In principle this alternative metric, in combination
with setting the equivalent target based on an assumed share of ZEVs, could therefore
enhance the problem it is intended to solve. This danger is most prominent for the medium

term.

2020 Moderate — none (depending on value of notional GHG intensity)
Impact of EV share is smaller than for TTW GHG based metric.

2030 Moderate — none (depending on value of notional GHG intensity)

Size and sign of the impact depend on deviation of actual EV share from the share
assumed for setting the equivalent target.

2050 Weak — none

Sensitivity of ICE TTW emissions to EV share (Figure 12)

General | This sensitivity is the same as for the case when the equivalent target is based on 100%
ICEVs (see Figure 10), but centres around the assumed EV share rather than around 0%
EVs. Again the TTW emissions of ICEVSs increase less with an increasing share of ZEVs for
higher notional WTT emission factors.

2020 Moderate (but less than TTW GHG based metric)
Same as for case with equivalent target based on 100% ICEVs.

2030 Moderate (butless than TTW GHG based metric)
Same as for case with equivalent target based on 100% ICEVs.

2050 Strong
Same as for case with equivalent target based on 100% ICEVs.

Impact of over/under estimating EV share

A larger than expected share of EVs allows for higher TTW emissions of ICEVs. In the medium and
long term this could even allow ICEV emissions above the target levels for 2015 and 2020.

A lower than expected share of EVs requires lower TTW emissions of ICEVs. In 2030 and 2050 these
could even be below what is currently considered technically feasible.

Other remarks
TTW emissions to be realised by ICEVs are independent of the actual WTT emissions of EVs.
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TTW GHG based target with notional GHG intensity for ZEVs
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 11 lllustration of the impact of the GHG intensity of electricity generation on WTW GHG emissions of new
vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it will be met by a specified mix of ICEVs and EVs.
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TTW GHG based target with notional GHG intensity for ZEVs

Impact of the share of EVs on average WTW GHG emissions of new vehicles and TTW GHG
emissions of ICEVs, for an assumed GHG intensity of electricity in 2020, 2030 and 2050
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Figure 12 lllustration of the impact of the share of EVs in the new vehicle sales on WTW GHG emissions of new
vehicles. All graphs are for the case where the equivalent target is determined under the assumption
that it will be met by a specified mix of ICEVs and EVs.
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Conclusions for a TTW CO, based metric with notional GHG intensity for Zero Emission Vehicles

e The use of a notional WTT factor for ZEVs reduces the WTW CO, leakage resulting from
introducing ZEVs only when the equivalent target is based on the assumption that the TTW target
without notional WTT emission factors for ZEVs can be met with ICEVs only. For equivalent
targets based on an assumed ICEVs/ZEVs mix for meeting the TTW-based target the target with
notional WTT emission factors for ZEVs shifts with applied notional WTT factors, so that the WTW
CO, leakage is not affected.

e The required response in terms of adjusting the TTW emissions of ICEVs to variations in the ZEV
share depends somewhat on the equivalent target setting (TTW target assumed to be met by
ICEVs only or by a mix of ICEVS and ZEVSs). In both cases, however, there is a strong sensitivity
of required TTW emissions of ICEVs to variations in the actual share of ZEVs.

o This sensitivity is of the same order (but less) as for a TTW GHG based target without
notional GHG intensity for ZEVs.

o Especially in the long term a smaller share of ZEVs than expected requires unrealistic
improvements in efficiency of ICEVSs.

4.3.4 Tailpipe CO, emissions adjusted to take account of WTW emissions (option
a.4)

In this option the target is defined at the level of the average WTW GHG emissions of all new vehicles
sold.
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Results for WTW GHG based metric
Equivalent targets based on the assumption that the
TTW CO, target can be met ICEVs only

General comments

Due to the definition of the metric average WTW emissions are intrinsically insensitive to variations in
share and WTT emissions of ZEVs, provided that the efficiency of ICEVs and ZEVs can be adjusted to
meet the target.

Sensitivity of WTW emissions to WTT electricity GHG intensity

General | AWTW GHG based metric effectively makes the average WTW emissions of new vehicles
insensitive to the WTT emissions of ZEVs.

2020 None

2030 None

In the medium term higher than expected WTT emissions of ZEVs may lead to
requirements on the WTW emissions of ICEVs that are below what is currently considered
technically feasible.

2050 None

Sensitivity of WTW emissions to EV share (Figure 14)

General | AWTW GHG based metric effectively makes the average WTW emissions of new vehicles
insensitive to the share of ZEVs that is used to achieve the target.

2020 None

2030 None

2050 None

Sensitivity of ICE TTW emissions to EV share (Figure 15)

General | The graphs contain two scenarios: one in which the efficiency of EVs is assumed constant
and that of ICEVs is adjusted in response to the changing share of EVs, and one in which
the efficiency of ICEVs is assumed constant and that of EVs is adjusted. Figure 14 shows
that for the average WTW emissions it does not make a difference which approach is taken.
But from Figure 15 it is clear that the TTW energy consumption of ICEVs and / or EVs
(required for meeting the target) is very sensitive to variations in the share of EVs especially
for the lower long term targets.

2020 Weak

2030 Moderate (but less than TTW GHG based metric)

2050 Strong

The graph for 2050 is for an equivalent target that is based on the 21 g/km TTW target
multiplied by the WTW/TTW factor for ICEVs (so assuming that this can be met by ICEVs
only). For the case in which the efficiency of ICEVs is kept constant two different
assumptions can be made. If the 21 g/km can be met by ICEVs the TTW energy
consumption of EVs does not vary with a changing share of EVs as every EV added from
0% upwards simply needs to have the same WTW emissions as the ICEVs in the new
vehicle sales. In the case depicted here, however, it is assumed that the lowest achievable
TTW emission from ICEVs is 55 g/km rather than 21 g/km. In that case the TTW energy
consumption of EVs is extremely sensitive to the share of EVs and is only within a realistic
bandwidth for EV shares between 62.3% and 63%. For lower shares of EVs the target
cannot be met, while higher EV shares would lead to WTW emissions below the target if the
energy consumption of ICEVs is not adjusted upwards.

Impact of over/under estimating EV share

Other remarks

The graphs in Figure 15 for 2020 and 2030 show that if the energy consumption of ICEVs is not
adjusted upwards in response to an increasing share of EVs, the WTW GHG target would lead to EVs
with energy consumption figures which are 3 to 4 times higher than the assumed baseline value of
0.57 MJ/km (or 160 Wh/km). This will not happen, but it does show that if WTT emission factors for
electricity generation become as low as assumed in these graphs, the WTW target may not provide
sufficient incentives to develop more energy efficient EVs. For higher WTT emission factors for
electricity generation this risk will be smaller.
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WTW GHG based target
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 13 lllustration of the impact of the WTT emissions of EVs on average WTW GHG emissions of new
vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it can be met by ICEVs only.
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WTW GHG based target
Impact of the share of EVs on the average WTW GHG emissions of new vehicles, for
assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 14 lllustration of the impact of the share of EVs in the new vehicle sales on average WTW GHG
emissions of new vehicles sold. All graphs are for the case where the equivalent target is determined
under the assumption that it can be met by ICEVs only.
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WTW GHG based target
Impact of the share of EVs on the TTW energy consumption of ICEVs and EVs, required for
meeting the target, for assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 15 lllustration of the impact of EVs in the new vehicle sales on average TTW energy consumption for new
vehicles sold as function of the assumed share of ZEVs. All graphs are for the case where the
equivalent target is determined under the assumption that it can be met by ICEVs only.
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Results for WTW GHG based metric
Equivalent targets based on the assumption that the
TTW CO, target will be met with a specified mix of ICEVs and EVs

General comments

The conclusion that a WTW GHG based metric effectively makes the average WTW emissions of new
vehicles insensitive to the WTT emissions of ZEVs and to the share of ZEVs is independent of whether
the equivalent target is based on the assumption that it is met by ICEVs only or by a specified mix of
ICEVs and ZEVs.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 16)

General | AWTW GHG based metric effectively makes the average WTW emissions of new vehicles
insensitive to the share of ZEVs that is used to achieve the target.

2020 None

2030 None

2050 None

Sensitivity of WTW emissions to EV share (Figure 17)

General | AWTW GHG based metric effectively makes the average WTW emissions of new vehicles
insensitive to the share of ZEVs that is used to achieve the target.

2020 None

2030 None

2050 None

Sensitivity of ICE TTW emissions to EV share (Figure 18)

General | In this case the sensitivity of the energy consumption of ICEVs and ZEVs to variations in the
ZEVs share is very different from the case of an equivalent target based on 100% ICEVs.
The graphs contain two scenarios: one in which the efficiency of EVs is assumed constant
and that of ICEVs is adjusted in response to the changing share of EVs, and one in which
the efficiency of ICEVs is assumed constant and that of EVs is adjusted.

The TTW energy consumption of ICEVs and / or EVs (required for meeting the target) is
found to be very sensitive to variations in the share of EVs.

2020 Weak

If the efficiency of ICEVs is assumed fixed, the energy consumption of EVs is extremely
sensitive to deviations of the EV share from the value assumed for the equivalent target.
However, for 2020 the assumption of fixed ICEV energy consumption is not so relevant, but
for 2030 and beyond this is a more likely scenario.

2030 Moderate (but somewhat less than TTW GHG based metric)

If the efficiency of EVs is assumed fixed, the energy consumption of ICEVs is sensitive to
deviations of the EV share from the value assumed for the equivalent target only for 2030
and beyond.

If the efficiency of ICEVs is assumed fixed, the energy consumption of EVs is extremely
sensitive to deviations of the EV share from the value assumed for the equivalent target. In
2030 a marginally lower EV share already requires unrealistically low EV energy
consumption values for the target to be met.

2050 Strong

If the efficiency of EVs is assumed fixed, a 10% lower EV share in 2050 will require ICEV
energy consumption values that are not feasible with currently known technologies and
existing vehicle configurations.

If the efficiency of ICEVs is assumed fixed, the energy consumption of EVs is extremely
sensitive to deviations of the EV share from the value assumed for the equivalent target. In
2050 a marginally lower EV share already requires unrealistically low EV energy
consumption values for the target to be met.

Impact of over/under estimating EV share

For 2030 and beyond the room to compensate (by means of adjusting the energy efficiency of ICEVs
and ZEVs within feasible bandwidths) for deviations in the actual ZEV share from the share assumed
for setting the target is extremely limited.

Other remarks
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WTW GHG based target
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 16 lllustration of the impact of the WTT emission of EVs on average WTW GHG emissions for new
vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it is met with a mix of ICEVs and ZEVs.
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WTW GHG based target
Impact of the share of EVs on the average WTW GHG emissions of new vehicles, for
assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 17 lllustration of the impact of the share of EVs in the new vehicle sales on average WTW GHG
emissions of new vehicles sold. All graphs are for the case where the equivalent target is determined
under the assumption that it is met with a mix of ICEVs and ZEVs.
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Impact of the share of EVs on the TTW energy consumption of ICEVs and EVs, required for
meeting the target, for assumed WTT emissions of EVs in 2020, 2030 and 2050
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Equivalent targets based on ICEVs / EVs mix
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Figure 18 lllustration of the impact of share of EVs in the new vehicle sales on average TTW energy
consumption for new vehicles. All graphs are for the case where the equivalent target is determined
under the assumption that it is met with a mix of ICEVs and ZEVs.
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Conclusions for a WTW CO, based metric

e Under a WTW GHG based target the WTW GHG emissions are obviously independent of the
share of ZEVs and actual WTT factors for ICEVs and ZEVs.

e But the flexibility with respect to changes in the share of ZEVs (relative to the assumed share for
determination of the equivalent WTW based target) appears rather limited and depends on the
possibility for ICEVs to respond to a changing ZEV-share.

o In case the equivalent WTW target is based on the assumption that the TTW target is met
by a mix of ICEVs and ZEVs, the following can be concluded:

= |If the efficiency of ZEVs is assumed to be fixed, required changes in TTW MJ/km
of ICEVs in response to a varying ZEV share appear feasible in the medium term.
In the long term, however, the efficiency improvements of ICEVS, necessary to
respond to a lower than expected share of ZEVs, become very large.

= If the efficiency of ICEVs is assumed to be fixed, which is specifically likely in by
2030 and beyond when ICEV technologies may have reached their limits, the
required energy efficiency of ZEVs is extremely sensitive to the ZEV share both in
the medium and long term, and quickly moves beyond feasible values if realised
ZEV shares are somewhat below the expected values.

o In case the equivalent WTW target is based on the assumption that the TTW target can be
met by ICEVs only, the efficiency of ZEVs does not need to be adjusted in response to a
changing ZEV share, even when the efficiency of ICEVs is assumed constant. For longer
term targets the assumption that the TTW target can be met with ICEVs only becomes
very improbable. If we assume that under a long term WTW target the TTW emissions of
ICEVs are fixed to a value that is higher than the equivalent TTW target, the efficiency of
ZEVs becomes very sensitive to changes in the share of ZEVs.

44 Energy consumption based metrics
441 Energy used in the vehicle per vehicle-km (option b.1)

The following analysis applies to the metric that is based on WTT energy consumption.
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Results for TTW energy based metric
Equivalent targets based on the assumption that the
TTW CO, target can be met with ICEVs only

General comments

This example shows that for a TTW energy consumption based target it is necessary to determine the
equivalent target on the basis of the assumption that the target for TTW GHG emissions is met by a
mix of ICEVs and ZEVs. This, however, can be considered a facet of the approach to carrying out the
analysis. If a TTW energy target were being established it would be done in a way that was
achievable.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 19)

General | The sensitivity is similar to that for the TTW GHG based metric, but the pivot point is shifted.
For values of the WTT emissions of EVs below 300 g/kwh the WTW emissions are lower
than for the case without EVs, while only for WTT emissions of EVs above 300 g/kWh they
are higher. Under similar assumptions this metric thus leads to lower WTW emissions.

2020 Weak
See under 2030

2030 Strong

The TTW energy consumption for the ICEVs is a bit higher than it would have been without
EVs, but the increase in WTW emissions that results from that is more than compensated
by the lower WTW emissions of EVs, provided the WTT emissions from electricity
production are below around 300 g/kWh.

2050 Weak

For 2050 the WTW emissions for this case are negative, as are the TTW emissions of
ICEVs required to meet the target. This obviously is not feasible and results from the fact
that the equivalent target is lower than the assumed energy consumption of EVs. In order to
meet the target therefore, ICEVs need to have negative energy consumption.

Sensitivity of WTW emissions to EV share (Figure 20)

General | WTW emissions of new vehicles decrease with an increasing share of EVs in this example
case. This is opposite to the case of the TTW GHG-based metric.

2020 Strong (but opposite sigh compared to TTW GHG based metric)
For 2020 and 2030 this is despite the fact that the WTW emissions of ICEVs increase with
increasing share of EVs.

2030 Strong (but opposite sign compared to TTW GHG based metric)
Idem

2050 Strong (but opposite sigh compared to TTW GHG based metric)

For 2050 the WTW emissions decrease with increasing EV share. As they are already lower
than what is achievable with known technologies and existing vehicle specifications for 0%
EVs, they will become unfeasibly low when the share of EVs is increased, reaching
negative levels for EV shares over 50%.

Sensitivity of ICE TTW emissions to EV share (Figure 20)

General | The sensitivity of the ICEV TTW emissions required for meeting the target as function to
variations in the actual ZEV share is significantly weaker than for the TTW GHG-based
target.

2020 Moderate

2030 Moderate

2050 Strong (but opposite sign compared to TTW GHG based metric)
But case is not realistic for the assumptions made in this example

Impact of over/under estimating EV share

Other remarks
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TTW energy based target
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 19 lllustration of the impact of the WTT emissions of EVs on average WTW GHG emissions in g/km for
new vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it can be met by ICEVs only.
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TTW energy based target
Impact of the share of EVs on average WTW GHG emissions of new vehicles and TTW GHG
emissions of ICEVs, for an assumed GHG intensity of electricity in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 20 Illustration of the impact of EVs in the new vehicle sales on average WTW GHG emissions in g/km for
new vehicles sold as function of the assumed share of ZEVs. All graphs are for the case where the
equivalent target is determined under the assumption that it can be met by ICEVs only.
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Results for TTW energy based metric
Equivalent targets based on the assumption that the
TTW CO, target will be met with a specified mix of ICEVs and EVs

General comments

If the equivalent target is based on the assumption that the TTW GHG emission target is met by a mix
of ICEVs and ZEVs, EVs still have a leverage on the emissions of ICEVs. The sensitivity is exactly the
same as for the TTW GHG emission based target.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 21)

General | WTW emissions increase as a function of the WTT emissions from electricity generation for
a given share of EVs. The sensitivity is exactly the same as for the TTW GHG emission
based target.

2020 Weak

2030 Strong

2050 Weak

Sensitivity of WTW emissions to EV share (Figure 22)

General | The sensitivity is reversed in sign but also somewhat weaker than for the TTW GHG-based
metric. Average WTW emissions decrease with an increasing EV share. If the EV share
equals the value on which the equivalent target is based the WTW emissions under the
TTW energy based metric equal those under the TTW GHG emissions based target.

2020 Strong (but opposite sign compared to TTW GHG based metric)

2030 Strong (but opposite sigh compared to TTW GHG based metric)
For EV shares below what is assumed for determining the equivalent target the WTW
emissions are higher than for the TTW GHG-based metric.

2050 Strong (but opposite sign compared to TTW GHG based metric)

To meet the target in 2050 low levels of EVs still require very efficient ICEVS, to levels
below what is currently foreseen as possible with existing vehicle configurations and
specifications, but the required values stay positive.

Sensitivity of ICE TTW emissions to EV share (Figure 22)

General

2020 Moderate
Similar to case for equivalent target based on assumption that target can be met with ICEVs
only.

2030 Moderate
Similar to case for equivalent target based on assumption that target can be met with ICEVs
only.

2050 Strong

For the 2050 situation the sign of the sensitivity is reversed compared to the case where the
equivalent target is based on the assumption that the target can be met with ICEVs only.
The sensitivity increases with increasing actual EV share.

Impact of over/under estimating EV share

Compared to the previous example of the WTW GHG-based metric, the room to compensate (by
means of adjusting the energy efficiency of ICEVs and ZEVs within feasible bandwidths) for deviations
in the actual ZEV share from the share assumed for setting the target appears much larger for a TTW
energy-based metric.

Other remarks

Going to a TTW energy-based metric could in the short term somewhat reduce the impact of ZEVs on
the net WTW emissions achieved by the regulation, but certainly in the longer term cannot be
considered a fundamental solution for the problem identified with the TTW CO, based metric.
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TTW energy based target
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 21 lllustration of the impact of the WTT emissions of EVs on average WTW GHG emissions of new
vehicles, for an assumed EV share. All graphs are for the case where the equivalent target is
determined under the assumption that it is met with a mix of ICEVs and ZEVs.

m i,g',‘ﬁ!:““ Framework Contract on Vehicle Emissions 83
ENV.C.3/FRA/2009/0043, Service Request #4



innovation
for life

115

110

105

100

WTWGHG emissions [g/km]

95

920

0%

R () e

/
A CE Delft /9599_9]

7» AEA

TTW energy based target
Impact of the share of EVs on average WTW GHG emissions of new vehicles and TTW GHG
emissions of ICEVs, for an assumed GHG intensity of electricity in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 22 lllustration of the impact the share of EVs on average WTW GHG emissions in g/km of new vehicles.
All graphs are for the case where the equivalent target is determined under the assumption that it is
met with a mix of ICEVs and ZEVs.
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Conclusions for a TTW energy based metric

e Under a TTW MJ/km metric introduction of ZEVs in the new vehicle fleet has the following
consequences:

o For a given share of ZEVs the WTW GHG emissions increase with increasing WTT
emissions of ZEVs. The sensitivity of average WTW GHG emissions to variations in the
WTT emissions of ZEVs is about the same as for a TTW CO, based metric;

o WTW GHG emissions decrease with an increasing share of ZEVs provided that WTT
emission of these ZEVs are sufficiently low. This is opposite to what happens under a
TTW CO, based metric. The sensitivity of average WTW GHG emissions to variations in
the share of ZEVs is larger than in the case of a TTW CO, based metric. This most
notable in the medium to long term.

e A TTW energy based target can be considered to solve the problem of “WTW CO, leakage” as
observed in a TTW CO, based metric, as WTW emissions decrease rather than increase with an
increasing share of ZEVs if WTT emissions of these ZEVs are sufficiently low.

o If WTT emissions of ZEVs are sufficiently low, the behaviour of average WTW emissions
of new vehicles under a TTW energy based target can be considered more “logical” than
under a TTW CO, target. However, desired WTW reductions are not achieved if the share
of ZEVs is smaller than planned.

o “WTW CO, leakage” as observed in a TTW CO, based metric only occurs when WTT
emissions of ZEVs are much higher than foreseen for the medium to long term. In that
case WTW emissions may be higher that aimed for if the share of ZEVs is larger than
planned.

e In the medium to long term equivalent targets for a TTW energy based target must be defined
under the assumption that the original TTW CO, based target is met by a mix of ICEVs and ZEVs.
If the target is translated under the assumption that the original TTW CO, based target is met by
ICEVs only, the equivalent target ends up below the minimum feasible energy consumption of
ICEVs and ZEVs.

4.4.2 Separate efficiency targets for different classes of propulsion systems
(option b.2)

The effect of introducing ZEVs on the overall average WTW emissions depends on the TTW MJ/km
targets set for the different technologies and the associated WTT emission factors for the different
energy carriers.

4.4.3 Energy use per vehicle-km adjusted for WTW consumption (option b.3)

The analysis for this metric is complicated by the fact that if WTT emissions from electricity generation
change also the WTT energy consumption is likely to change. However, there is no fixed relationship
between the two. WTT emissions and WTT energy consumption are low in case electricity is
predominantly produced from renewable sources such as solar and wind power. On the other hand
low WTT emissions are accompanied by high WTT energy consumption if this decarbonisation is
achieved by large-scale application of carbon capture and storage (CCS).

In the analysis below it is assumed that WTT emissions from electricity production can be varied
independently from the WTT energy consumption.
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Results for WTW energy based metric
Equivalent targets based on the assumption that the
TTW CO, target can be met with ICEVs only

General comments

Note that in the analysis below it is assumed that WTT emissions from electricity production can be
varied independently from the WTT energy consumption. This means that for a given share of EVs the
WTW emissions of ICEVs are independent from the WTT emissions from electricity generation, if
these changing WTT emissions do not affect the WTT energy consumption from electricity generation.

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 23)

General | For a given share of EVs the average WTW emissions from new vehicles increase with
increasing WTT emissions from electricity generation. For 2030 the effect is quite
pronounced.

2020 Very weak
For 2020 this effect is negligible due to the low share of EVs.

2030 Strong
For 2030 the effect is quite pronounced due to the higher share of EVs.

2050 Weak

The very low WTT emissions of EVs, assumed for 2050, make that relative variations
around the assumed value have little impact.

Also for this metric very low 2050 targets require the energy consumption of ICEVs to be
negative, meaning that for this metric such long term equivalent targets cannot be set under
the assumption that the original TTW GHG emission target can be met by ICEVs only.

Sensitivity of WTW emissions to EV share (Figure 24)

General | The graphs contain two scenarios: one in which the efficiency of EVs is assumed constant
and that of ICEVs is adjusted in response to the changing share of EVs, and one in which
the efficiency of ICEVs is assumed constant and that of EVs is adjusted. For the latter case
the sensitivity is smaller than for the first case.

Compared to the TTW GHG-based metric the sensitivity is reversed in sign and stronger.

2020 Strong (but opposite sigh and stronger compared to TTW GHG based metric)

2030 Strong (but opposite sign and stronger compared to TTW GHG based metric)

2050 Strong (but opposite sigh and stronger compared to TTW GHG based metric)
If the TTW energy consumption of EVs is kept constant WTW GHG emissions decrease to
negative values with increasing EV share.

Sensitivity of ICE TTW emissions to EV share (Figure 25)

General | The graphs contain two scenarios: one in which the efficiency of EVs is assumed constant
and that of ICEVs is adjusted in response to the changing share of EVs, and one in which
the efficiency of ICEVs is assumed constant and that of EVs is adjusted.

However, as the equivalent target is set by assuming that it is met with ICEVs only, the
WTW energy consumption of EVs does not change with increasing EV share when the
efficiency of ICEVs is kept constant, as every EV added to the new vehicle fleet simply
needs to have the same WTW energy consumption as the ICEVSs.

2020 Very weak

2030 Moderate (but opposite sigh and less strong compared to TTW GHG based metric)

2050 Strong (but opposite sign compared to TTW GHG based metric)

If the equivalent target is based on 100% ICEVs the energy consumption of ICEVs at a 0%
share of EVs is already unrealistically low. If the share of EVs increases and their energy
consumption is kept constant, the energy consumption of the remaining ICEVs needs to go
down even further to meet the target eventually reaching negative values.

For the assumptions made in this example the case is therefore not realistic.

Impact of over/under estimating EV share

Other remarks
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WTW energy based target
Impact of the WTT emissions of EVs on the average WTW GHG emissions of new vehicles,
for an assumed share of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 23 lllustration of the impact of the WTT emissions of EVs on average WTW GHG emissions in g/km of
new vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it can be met by ICEVs only.
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WTW energy based target
Impact of the share of EVs on the average WTW GHG emissions of new vehicles, for
assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 24 lllustration of the impact of the share of EVs in the new vehicle sales on average WTW GHG
emissions of new vehicles. All graphs are for the case where the equivalent target is determined
under the assumption that it can be met by ICEVs only.
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WTW energy based target
Impact of the share of EVs on the TTW energy consumption of ICEVs and EVs, required for
meeting the target, for assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs only
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Figure 25 lllustration of the impact of the share of EVs in the new vehicle sales on average TTW energy
consumption for new vehicles. All graphs are for the case where the equivalent target is determined
under the assumption that it can be met by ICEVs only.

m ifg?ﬁ‘f':m" Framework Contract on Vehicle Emissions 89
ENV.C.3/FRA/2009/0043, Service Request #4



) : GLOBAL = , TRANSPORT & MOBILITY
TNO ;o IR () oen cepert _SKBpol ) AEA

Results for WTW energy based metric
Equivalent targets based on the assumption that the
TTW CO, target will be met with a specified mix of ICEVs and ZEVs

General comments

Sensitivity of WTW emissions to WTT electricity GHG intensity (Figure 26)

General | In this case the sensitivity of WTW emissions to the WTT emissions of EVs is the same as
for a target based on 100% ICEVs. The main difference is an off-set in the emissions of
ICEVs. For 2020 the difference is negligible, but for 2030 and 2050 it is quite pronounced.

2020 Very weak
For 2020 this effect is negligible due to the low share of EVs.

2030 Strong
WTW emissions of ICEVs are > 40 g/km higher than for the target based on 100% EVs.

2050 Weak
The very low WTT emissions of EVs, assumed for 2050, make that relative variations
around the assumed value have little impact.

Sensitivity of WTW emissions to EV share (Figure 27)

General | Also for this equivalent target definition the WTW emissions of new vehicles go down with
increasing shares of EVs for a WTW energy consumption based metric.

The graphs contain two scenarios: one in which the efficiency of EVs is assumed constant
and that of ICEVs is adjusted in response to the changing share of EVs, and one in which
the efficiency of ICEVs is assumed constant and that of EVs is adjusted. The sensitivity is
overall equally strong as for the case when the equivalent target is based on the
assumption that the TTW target can be met with ICEVs only. However, in this scenario the
sensitivity is stronger for the case in which the efficiency of ICEVs is kept constant.

2020 Strong (opposite sign and stronger compared to TTW GHG based metric)

2030 Strong (opposite sign and stronger compared to TTW GHG based metric)

2050 Strong (opposite sigh and stronger compared to TTW GHG based metric)

Sensitivity of ICE TTW emissions to EV share (Figure 28)

General | If the efficiency of ICEVs is kept constant the required efficiency of EVs is very sensitive to
changes in the EV share in all years. If the efficiency of EVs is assumed constant, the
energy consumption of ICEVs only become sensitive to the share of EVs beyond 2030.

2020 Very weak

For 2020 this combination of metric and equivalent target setting TTW energy consumption
shows a high sensitivity for the efficiency of EVs, if the efficiency of ICEVs is assumed to be
fixed. However, for 2020 the opposite situation is the case: the efficiency of EVs may be
difficult to change, but there will still be sufficient potential to improve ICEVs.

2030 Weak

For 2030 the end of the reduction potential for ICEVs may come into sight, making the
scenario of fixed energy consumption of ICEVs much more realistic. In that case one sees
that smaller shares of EVs than assumed for the equivalent target would require significant
efficiency improvements in EVs for the target to be met.

2050 Strong

In 2050 both scenarios are probable and both show strong sensitivity to varying EV shares.
If the efficiency of EVs is assumed constant the energy consumption of ICEVs is particularly
sensitive if the EV share is higher than assumed for the target and quickly rises to levels
above those needed to meet the 95 g/km target in 2020. If on the other hand the efficiency
of ICEVs is assumed constant, the energy consumption of EVs needs to reduce drastically
if EV shares are below the level assumed for setting the equivalent target.

Impact of over/under estimating EV share

For small variations around the level of EVs assumed for setting the target, the impact of a deviating
actual EV share is smaller than for the WTW GHG based metric.

Other remarks

If the target is based on a mix of ICEVs and EVs, the required energy efficiency of ICEVs can be
realistically achieved in 2050.
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Figure 26 lllustration of the impact of the WTT emissions of EVs on average WTW GHG emissions of new
vehicles, for an assumed share of EVs. All graphs are for the case where the equivalent target is
determined under the assumption that it is met with a mix of ICEVs and ZEVs.
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WTW energy based target
Impact of the share of EVs on the average WTW GHG emissions of new vehicles, for
assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 27 lllustration of the impact of the share of EVs in the new vehicle sales on average WTW GHG
emissions of new vehicles. All graphs are for the case where the equivalent target is determined
under the assumption that it is met with a mix of ICEVs and ZEVs.
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WTW energy based target
Impact of the share of EVs on the TTW energy consumption of ICEVs and EVs, required for
meeting the target, for assumed WTT emissions of EVs in 2020, 2030 and 2050

Equivalent targets based on ICEVs / EVs mix
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Figure 28 lllustration of the impact of the share of EVs in the new vehicle sales on average TTW energy
consumption for new vehicles. All graphs are for the case where the equivalent target is determined
under the assumption that it is met with a mix of ICEVs and ZEVs.
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Conclusions for a WTW energy based metric

¢ WTW GHG emissions are moderately sensitive to variations in the actual WTT emission factor of
ZEVs, but are quite sensitive to a varying ZEV share.

o With targets getting lower in the medium to long term, the sensitivity to the ZEV share
increases while the sensitivity of the average WTW GHG emissions to the WTT emissions
of ZEVs further decreases;

o In the short to medium term there is sufficient room for the TTW MJ/km of ICEVs to
respond within a feasible bandwidth to variations in the share of ZEVs;

o Inthe long term the sensitivity in terms of the required change in MJ/km of ZEVs or ICEVs
in response to a changing ZEV share is much weaker than for a WTW CO, based metric.

e Furthermore it can be stated that a WTW MJ/km metric:

o generally promotes overall resource efficiency,

o but compares “apples and pears”, in the sense that megajoules of finite fossil energy and
renewable energy are treated equally.

4.4.4 Conclusions with respect to various metrics for regulation

The analyses presented above for the different metrics specifically investigated two aspects:

e the impact of the share of ZEVs and the WTT emissions of energy carriers used by these ZEVs on
the WTW GHG emission of the new vehicle fleet under different metrics;

o the flexibility under the various metrics for meeting a given target with different combinations of
improved ICEVs, shares of ZEVs and efficiency levels of these ZEVs.

Results are summarized in Table 5.
WTW CO, leakage with increasing ZEV shares

With respect to the first aspect it can be concluded that the “WTW CO, leakage” as function of an
increasing ZEV share under a TTW CO, based metric is most pronounced in the medium term, with
the ZEV share becoming significant while WTT emissions of their energy carriers are still relatively
high. A WTW CO, based metric obviously safeguards against “WTW CO, leakage” as function of an
increasing ZEV share.

A TTW energy based target can be considered to solve the problem of “WTW CO, leakage” as
observed in a TTW CO, based metric, as WTW emissions decrease rather than increase with an
increasing share of ZEVs if WTT emissions of these ZEVs are sufficiently low. A WTW MJ/km based
metric shows similar behaviour. Whether WTW CO, emissions under this metric are more sensitive to
variations in the share of ZEVs and their WTT emissions than under a TTW MJ/km based metric
depends on the relation between WTT GHG emissions and WTT energy consumption. This relation is
not straightforward. An increased share of renewables leads to lower WTT emissions and energy
consumption, but the application of CCS on fossil fuelled power plants lowers WTT emissions while
increasing WTT energy consumption. For a WTW M/km based metric in the medium to long term the
sensitivity to variations in the actual share of ZEVs do appear less pronounced than for a WTW CO,
based metric.

Using a TTW CO, based metric with notional WTT factors for ZEVs reduces the “WTW CO, leakage”,
but introduces similar sensitivities with respect to the technology mix (see next paragraphs) as a WTW
CO, metric.

Flexibility with respect to the technology mix for meeting a target

The analyses also clearly show that there is hidden complexity attached to all metrics when applied to
a single target for the average performance of the entire new vehicle sales. This complexity becomes
apparent especially in the longer term.

A single target offers inherent flexibility and room for internal averaging by manufacturers with respect
to distribution of reduction efforts over models and segments and the choice of advanced conventional
or alternative technologies for meeting the target. In the short term a lot of combinations of improved
ICEVs and ZEV-shares can lead to the same average performance on a given metric. In the medium
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to long term, however, targets need to be set so low that they can no longer be met by improvements
in conventional technologies alone. The contribution of alternative technologies, specifically of zero
tailpipe emission technologies (ZEVs), to meeting a target is determined by their share in the new
vehicle fleet and their performance under a given metric.

Setting targets that are beyond what is technically feasible with conventional cars requires
assumptions about feasible market shares of new ZEV technologies. Under a given TTW CO, based
target, variations in the share of ZEVs can only be compensated by adjustments of the efficiency of the
remaining share of conventional vehicles. If in the longer term the remaining share of ICEVs becomes
very small, and ICEVs are already at or near the end of their improvement potential, the room to
compensate for ZEVs not meeting their expected market share becomes extremely limited. Under
TTW or WTW energy based targets and under a WTW CO, based target variations in the share of
ZEVs can also be compensated by adjustment of the energy efficiency of these ZEVs. The room for
that, however, is expected to be much more limited than the current improvement potential for ICEVS,
as e.g. electric powertrains already have a high energy efficiency.

Table 5 Summary of results of the evaluation of sensitivities of different metrics
TTW TTW GHG
Metric GHG with notional WTW GHG TTW energy WTW energy

GHG intensity

ICEVs | ICEVs + | ICEVs ICEVs ICEVs ICEVs ICEVs ICEVs
only ZEVs only + ZEVs only + ZEVs only + ZEVs

Sensitivity of WTW emissions to WTT electricity GHG intensity

2020 + i + o] o] i + +/0 +/o
2030 +++++ +++++ +++++ 0] 0] +++++ +++++ +++++ +++++
2050 + + + 0 0 + + + +

Sensitivity of WTW emissions to ZEV share

+++++ +++++ | bttt |

2020 +++++ +++/0 +4+4/0 0 o
) (@) (@) @)

2030 +++++ +++/0 +++/0 o o +++++ +++++ +++++ -+
(@) @) (@) ©)

2050 + +/o +/o @ o S TStStal +++++ +++++ 4+

@) @) @) @)

Sensitivity of ICE TTW emissions to ZEV share

2020 +++ ++ ++ + + +++ +++ +/0 +/0
++

2030 +++ ++ ++ ++ ++ +++ +++ ) +
++++ ++++

2050 +++++ +++++ +++++ +++++ +++++ ) +++++ ) +++++

0 = not sensitive

+ = weak sensitivity

+++ = moderate sensitivity

+++++ = strong sensitivity

) = sign of sensitivity reversed compared to TTW GHG based metric
score in red means that case is not realistic
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4.5 Alternative options

45.1 Inclusion of road fuel use in EU ETS (option c)

For this option there is no straightforward way to estimate the impact of introducing ZEVs in the new
vehicle fleet on average WTW GHG emission of new vehicles. Whether the CO, price under ETS
stimulates the uptake of ZEVs depends on the CO, price itself as well as on the difference in vehicle
costs and energy costs of these ZEVs compared to ICEVs, which in turn depend on the extent to
which the CO, price stimulates further efficiency improvement in ICEVSs. It is therefore essential to
evaluate how much reduction in the road transport sector would be stimulated at different levels of the
CO, price. The price differential between different technologies will furthermore depend on whether the
existing taxes on various energy carriers remain unchanged or not. The effectiveness of a cap & trade
system may further be affected by the way in which emission credits are distributed.

The main disadvantage of including road transport in the existing ETS, is that the current CO, price is
very low and that this will not be significantly affected by the addition of the transport sector. A CO,
price of 15 €/tonne translates into a fuel price increase of 0.04 €/litre. This will not have a significant
impact on driving and purchasing behaviour. A CO, price of at least 100 €/tonne (or 0.25 €/litre) would
be needed before significant impacts on energy efficiency and choice of energy carriers in the
transport sector can be expected.

Recent evidence from the Commission’s Impact Assessment shows that achieving the 2020 LDV
targets has a negative cost for consumers and society and that further reductions beyond those targets
are also possible at negative cost. This illustrates the existence of some market barriers to achieving
economically optimal levels of GHG reduction and fuel efficiency for LDVs which would also be
applicable to a system relying purely on a market mechanism based approach. Nevertheless a CO,
price can be considered to further increase the attractiveness or cost-effectiveness of alternative
propulsion systems and energy carriers, which might help OEMs to overcome uncertainties.

45.2 A manufacturer-based trading system based on lifetime GHG emissions
(option d)

If a manufacturer-based trading scheme were used in addition to a manufacturer-based target with one
of the above metrics, regardless of whether it is based on g/lkm GHG emissions or lifetime GHG
emissions, it is not expected to directly affect the net impact on average WTW GHG emissions. The
fleet average target set in the applied metric will be reached with or without trading, but in case of
trading the costs for meeting the target may be smaller. Indirect impacts on the WTW GHG emissions
only occur if the metric is not WTW GHG emissions and in that case depend on the choice of
technologies for meeting the target.

In the medium term, when large-scale application of ZEVs is not necessary for meeting the target, the
option of trading may in fact slow down their introduction as it allows some manufacturers to avoid
application of ZEVs for meeting the target and instead to buy credits from other manufacturers that
have less difficulty in meeting their target by further improvements in ICEVs.

If the metric is TTW CO, based, trading does not solve the leverage between the share of ZEVs and
the emissions of ICEVs. Manufacturers selling ZEVs can still increase the TTW emissions of the
remaining ICEVs they sell. Using lifetime GHG emissions rather than g/km emission may somewhat
alleviate the leverage if the lifetime mileage of ZEVs is smaller than that of ICEVs, but is this only to be
expected for EVs. In any case it will be difficult to predict lifetime mileage for technologies that are not
yet applied in the market at large scale and in a mature way.

45.3 A cap & trade system for vehicle manufacturers based on CO, emissions
(option e.1)
An overall cap on total vehicle CO, emissions introduces a joint responsibility of OEMs and shared

interest in reducing CO, emissions. This could encourage more collaboration, but beyond pre-
competitive research such collaboration may be difficult to arrange between competitors.

Capping total emissions not only targets vehicle efficiency and CO, emissions but also total sales, and
thus avoids market growth leading to increased emissions.
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Similar to option d, allowing trading under a given target reduces incentives for investing early in more
expensive technologies that are needed for the longer term.

This option makes the engineering target for vehicle efficiency very dependent on economic or market
fluctuations. Especially in the longer term there will be limited room to compensate growth in sales
volumes by reduction of the average CO, emissions per vehicle kilometre. In the medium term
fluctuations in sales volume might be compensated by changing the share of ZEVs in the new vehicle
fleet. The room to manoeuvre depends on whether the cap is based on TTW or WTW CO2 emissions.

If the metric is TTW CO, based, trading does not solve the leverage between the share of ZEVs and
the emissions of ICEVs. Manufacturers selling ZEVs can still increase the TTW emissions of the
remaining ICEVs they sell.

45.4 A cap & trade system for vehicle manufacturers based on total energy
consumption of vehicles sold (option e.2)

Similar considerations apply here as for option e.1.

The impact of using a MJ/km based metric rather than a g/km CO, based metric on average WTW
emissions of new vehicles is not expected to depend on the application of a cap & trade system.

455 Inclusion of embedded emissions in WTW approaches (option f)

Including embedded emissions in the metric only affects the impact of ZEVs on the average WTW
GHG emissions of new vehicles if embedded emissions of ZEVs differ significantly from those of
ICEVs. There is evidence for EVs and PHEVs that this is the case. As such the purpose of this metric
is to avoid possible undesired rebound effects on global GHG emissions through increased embedded
emissions resulting from the increased uptake of ZEVs that may be promoted by vehicle regulation.

This option promotes OEMs to take responsibility for environmental impacts occurring in the
production of materials, components and vehicles as well as in the decommissioning phase. Such
chain management is becoming more and more common as a way for companies to control their
ecological footprint and other direct and indirect societal impacts.

4.5.6 Combining different options with e.g. size-dependent mileage weighting
(option @)

The current vehicle emissions regulation only looks at CO, emissions per kilometre, as measured on
the type approval test. A number of options are explored in this report to also include life cycle or
upstream emissions of the energy carriers used to drive the vehicles. However, a different issue not
yet discussed is whether it would be useful to take into account that some vehicles typically drive less
kilometres than others — per year but also during their whole lifetime.

This can be illustrated with the following example. A car manufacturer sells a sports car with relatively
high CO, emissions as measured during type approval, say about 240 gCO./km. This car is typically
used occasionally, with an annual mileage of about 10,000 km, but it is well cared for and reaches
180.000 km over its lifetime Another car manufacturer sells a mid-size diesel family car with emissions
of 115 gCO,/km. This car is used for commuting, family trips and holidays, and drives about 25,000 km
annually, and 300,000 over its lifetime. As a third example, a small petrol car with emissions of 100
gCO./km could be used as a shopping car mainly, driving e.g. about 8,000 km per year and 100,000
over its lifetime. Assuming that the real life emissions equal the type approval emissions in this
example, the annual and total lifetime CO, emissions of these three cars can now be calculated.
Results are shown in Table 6.

If we take the small car as the base case, we see that the sports car has a total life time emissions
which is 4.3 times as high as that of the small car, whereas the emission factor used for the vehicle
regulation is only 2.4 times as high. The family car only has 15% higher emission factor in the type
approval, but overall emissions are 3.5 times as high due to its much higher overall mileage.
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Table 6 Illustration of the impact of vehicle mileage on the annual and lifetime CO, emissions
CO; emissions | Average annual lifetime | CO; emissions | CO, emissions
(g/km) mileage over mileage per year lifetime
lifetime (km) (km) (kg COy) (ton COy)
Sports car 240 10,000 180,000 2,400 43
Family car 115 25,000 300,000 2,875 35
Small car 100 8,000 100,000 800 10

By introducing a mileage weighted vehicle CO, standard, manufacturers are stimulated to allocate their
reduction efforts to a larger extent to the vehicle models and/or segments with relatively high average
lifetime mileages. The actual impact of this shift is that the reduction efforts depends on the actual
design of the mileage weighting. In case the mileage weighted target is set in such a way that the total
lifetime emissions of new vehicle sales is equal for a mileage weighted scheme as for a non-mileage
weighted scheme, the target could be reached in a more cost-effective way. This is due to the fact that
vehicles with higher emissions generally cover longer distances, and exactly the CO, emissions of
these vehicles are reduced by a mileage weighted target. [TNO 2009] shows that a cost reduction of at
least 2% could be realised when mileage is taken on board as one of the weighting parameters (in
addition to sales). However, in case the basic vehicle target (in g/km) for mileage weighted schemes is
chosen to be the same as for non-weighted schemes, the overall effectiveness of the scheme will
increase. Since manufacturers will allocate more of their reduction efforts to vehicle models/segments
with relatively high average lifetime mileages, the overall CO, reduction realised by the weighted target
will be higher than by the non-weighted target™.

Combining the various possible metrics with mileage weighting may result in the above mentioned
improvements of the effectiveness and/or efficiency of the schemes. However, there are two issues
that should be mentioned here:

e Since the future usage pattern of electric/hydrogen passenger cars is uncertain, it is not possible to
assess the impact of mileage weighting on the share of these non-fossil fuelled cars in the future
vehicle fleets. However, it may be clear that the impact of mileage weighting on the environmental
effectiveness of the vehicle regulation is larger in case a TTW target (as in the current Regulation)
is applied instead of a WTW target. In case of a TTW target, the CO, emissions of electric and
hydrogen cars are counted as zero and increasing/decreasing (depending on whether the average
annual mileages of these cars will be higher/lower than for conventional cars) their contribution in
the achievement of the target, may significantly affect the environmental effectiveness of the
regulation. However, in case a WTW target is applied, the distortive effect of the zero emissions
allocated to electric/hydrogen cars is (partly) removed and hence increasing/decreasing their
contribution in the achievement of the target doesn’t significantly affect the environmental
effectiveness of the regulation.

e Combining the mileage weighted targets with the possibilities for manufacturers to trade in excess
emissions may improve the efficiency of the vehicle regulation. In this case the reduction efforts are
allocated to those vehicle models/segments in which lifetime CO, emission reductions could be
realised against the lowest costs.

Given the positive impact mileage weighting could have to the effectiveness and/or efficiency of
vehicle CO, regulation for passenger cars, the following questions are interesting to consider: would it
be practically feasible to implement mileage weighting into this regulation and thus improve its
effectiveness/efficiency, and would it be justified to hold car manufacturers accountable for the use of
their cars?

To start with the last question, car manufactures cannot be held responsible for what car buyers do
with these cars. They only have direct control over the emission factors of their vehicles. However, the
mileage weighting would not have to be directly related to actual kilometres driven in these specific
cars. Instead, average, empirically established values for specific vehicle types (car segments) could
be used. This would represent a methodological change to the regulation that would not result in

* Notice that the increase in effectiveness is the result of the fact that reduction efforts are applied to vehicles with relatively high annual mileages.
The fact that efforts are also allocated to vehicles with relatively high average lifetimes doesn’t affect the effectiveness of the vehicle regulation;
vehicles with shorter lifetimes are replaced more often.
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making car manufacturers responsible for what car users do, but would stimulate them to take the
differentiated usage of cars into account in dividing reduction efforts over different car models, in order
to improve the overall effectiveness of the regulation.

Whether or not this type of mileage weighting would be practically feasible mainly depends on whether
it is possible to determine the average mileage over the lifetime of specific vehicle types, and to agree
on these values being applied to all manufacturers. This is a prerequisite to include this parameter into
the regulation, as incorrect data or lack of differentiation between vehicle types would reduce the
efficiency of the measure. There are two main practical questions related to the feasibility of defining
and applying average mileages for resp. to different vehicle types:

e The first question concerns the availability of sufficiently reliable data at the EU-27 level;

e The second question is whether it is possible to define vehicle segments that can a) be linked to
objectively identifiable attributes of the vehicle, and b) show sufficiently homogeneous driving
behaviour to justify different mileages for different segments.

The annual mileage typically ranges between 10,000-25,000 km for passenger cars, and reduces over
the lifetime of the vehicle [Bodek 2008]. Diesel cars typically have higher annual mileage than
passenger cars, mainly due to the fuel and vehicle taxation in the various EU countries [Bodek
2008][JRC, 2008]. Additionally, average annual mileage of cars may change over time, e.g. as result of
other policies (e.g. road charging). At the moment there are no statistical data available on the EU-
average lifetime mileage of the various vehicle segments. Data are available for a (limited) number of
EU Member States, for specific years, and EU-wide estimates are available from models such as
COPERT and PRIMES-TREMOVE, but this type of statistics is not generally gathered (see, for
example, [LAT 2008], for a discussion on how vehicle annual and lifetime mileage can be estimated).
However, as is mentioned by [TNO 2009], collecting reliable data on lifetime mileages seems feasible.
A first option would be to set up an EU-wide survey, collecting data from sufficiently large samples of
vehicles in different Member States. This may provide a sufficient basis for generating overall fleet
average mileage data. Another option to collect more detailed data is to collect data from vehicle
inspections; all cars (should) have to pass a vehicle inspection on a regular basis, at which time
mileage statistics can be recorded. In addition to this information also data on the average total lifetime
of vehicles is needed to estimate the lifetime mileages. According to [TNO 2009] this information could
be gathered at the vehicle inspections too. The complexity of setting up a system to collect these kinds
of information is expected to be limited. Finally, data should be gathered on trends in annual mileages
to be able to take changes in lifetime mileages over time into account by updating the mileage
statistics.

If mileage weighting is to be used in legislation, one needs to be able to attribute a lifetime mileage
value to each newly sold car based on an easily verifiable characteristic of that car. This cannot be
engine size, as engine sizes are expected to decrease due to downsizing without affecting vehicles’
usage patterns. Also for hybrid and electric vehicles engine size is not a practical parameter. The most
elegant categorisation of mileages would be to base them on the same utility parameter that is used to
define the target per vehicle. This implies that yearly and lifetime mileages would need to be recorded
together with the technical information which is feasible to be used as utility parameter, e.g. mass and
footprint.

Summarising, including mileage weighting in the CO, regulation has the potential to increase the
effectiveness and/or efficiency of the regulation as manufacturers would be stimulated to account of
lifetime mileage in the distribution of reduction efforts over different vehicle models / segments. As
different vehicle segments have different average annual mileages and different average lifetimes,
these two parameters differ significantly. However, this measure requires reliable data on average life
time mileage of different car segments, which are currently not available on EU-scale.

Using lifetime GHG emissions rather than g/km emissions may somewhat alleviate the leverage if the
lifetime mileage of ZEVs is smaller than that of ICEVs, but this is only to be expected for EVs. In any
case it will be difficult to predict lifetime mileage for technologies that are not yet applied in the market
at large scale and in a mature way.
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5 Assessment of impacts of different
metrics on emissions and energy
consumption at the fleet level

5.1 Introduction

Besides impacts on average WTW emissions of the new vehicle fleet, also impacts of different metrics
on the total WTW GHG emissions of the passenger car fleet are relevant. A fleet model has been
constructed to assess the sensitivity of certain metrics (indicated by differences in the WTW CO,
emissions) to changes in the fleet composition in terms of shares of different drivetrain technologies
and fuel types and the WTT GHG emissions of various energy carriers.

This chapter first describes the modelling approach, the different fleet composition scenarios used for
the assessment, and the assumptions used for the WTT factors of the energy carriers in the model.
After explaining how equivalent targets are defined for the different metrics, modelling results are
presented and conclusions are drawn on the basis these assessment results.

Using the model 5 different metrics are compared:

M1  TTW gCOkm

M2 TTW MJ/km

M3 WTW gCO,/km

M4  TTW CO, based metric with alternative accounting for EVs'®
M5 WTW MJI/km

Background information on WTT energy use and GHG emissions van be found in Annex A, while a
more detailed description of the assessment model can be found in Annex B.

5.2 The modelling approach

A simplified fleet model has been developed, that allows assessment of the impact of different
technology uptake scenarios and different metrics for CO, regulation on total and average TTW and
WTW GHG emissions of new car sales as well as the total European passenger car fleet.

A cohort model is used to describe the EU 27 passenger car fleet composition for all years between
2020 and 2050 (intervals of 5 years) in terms of:

e number of vehicles of 3 size classes and a range of different powertrain technologies per age
category

¢ annual mileages of vehicles of 3 size classes and a range of different powertrain technologies per
age category

Powertrain technologies include conventional ICEVs on petrol and diesel, plug-in hybrids (PHEVS) on
petrol and diesel, battery-electric vehicles (BEVs) and fuel cell electric vehicles (FCEVS).

TTW energy consumption and WTT energy consumption and GHG emissions of the different
alternative powertrains and associated energy carriers are assumed fixed. The assumed values for the
TTW energy consumption are listed in section B.3 of Annex B. WTT factors are described in section
5.4 and in Annex A.

Given a combination of metric and target level and the assumed new vehicle fleet composition in a
target year, the TTW energy consumption of new vehicles of the various ICEV categories is adjusted
to make sure that the target is met. Reduction efforts are distributed over petrol and diesel vehicles of
the 3 size classes on the basis of cost-optimal divisions identified with the cost assessment model
used in Service Request 1 [TNO 2011].

' referred to as “tailpipe CO, emissions with notional GHG intensity for Zero Emission Vehicles” in previous chapters
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Performing this calculation for different target years then defines the composition and performance of
the total vehicle fleet in the different years. Based on the performance of vehicles from different age
categories in a given year, and taking account of a factor for translating type approval energy
consumption and emissions to real-world figures, the WTW GHG emissions of the total passenger car
fleet in that year can then be assessed.

Running the model for the different metrics, and for different scenarios with respect to fleet
composition scenarios and WTT factors, allows assessment of the sensitivity the fleet-wide WTW GHG
emissions to variations in fleet composition and WTT factors and comparison of the different metrics
on this aspect.

A more detailed description of the assessment model can be found in Annex B.

5.3 Fleet composition scenarios

The sensitivity of certain regulatory metrics with respect to the impacts of variations in fleet
composition and WTT emissions on fleet-wide WTW GHG emissions is assessed using four different
fleet composition scenarios. It should be noted that these scenarios are assumption-based, rather than
arising as a result of the influence of the alternative metrics on manufacturer choices. The latter are
explored in more detail in Service Request 8.

Scenario 1

The first fleet composition scenario (Scenario 1) is a reconstruction of the fleet development assumed
for the main scenario underlying the 2011 White Paper [EC 2011]. As can be seen in Figure 29,
PHEVs and BEV are assumed to be the dominant drivetrains in this scenario beyond 2030.

Scenario 2

In Scenario 2, a self-constructed scenario depicted in Figure 30, it is assumed that FCEVs will be the
preferred drivetrain over BEVs. This is modelled by replacing all kilometres travelled by BEVs by
kilometres travelled by FCEVs. Since it is assumed that FCEVs will have slightly higher annual
mileages than BEVs, the share of FCEVs in Scenario 2 is smaller than the share of BEVs in Scenario
1.

Scenario 3

Scenario 3 is a variant of Scenario 1 in which the share of BEVs increases even more towards 2050
(see Figure 31). As the total demand of vehicle kilometres is preserved, the increased number of BEVs
compared to Scenario 1, means a decrease of new sales for other drive trains. Up to 2035, this goes
at the cost of all drivetrain types. However, beyond 2035 this goes fully at the expense of new
registrations for PHEVs as these become the only significant shares of other drivetrains than BEVs.

Scenario 4

In scenario 4, the shares of the drivetrain types in new registrations are equal to those in Scenario 3.
However, the shares of biofuels are decreased compared to Scenario 3. Since this is not represented
in these figures, Figure 31 and Figure 32 are similar.
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Figure 29 The development of powertrain type shares in the new sales between 2010 and 2050 (Scenario 1)
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Figure 30 The development of powertrain type shares in the new sales between 2010 and 2050 (Scenario 2)
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Figure 31 The development of powertrain type shares in the new sales between 2010 and 2050 (Scenario 3)
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Figure 32 The development of powertrain type shares in the new sales between 2010 and 2050 (Scenario 4)

5.4 Energy carrier WTT emission scenarios

The main purpose for comparing alternatives to the tank-to-wheel (TTW) CO,-based metric of the
current CO, regulation for passenger cars and vans is to assure that future regulation of GHG
emissions of the European vehicle fleet achieves the desired impacts in an efficient and cost-effective
manner. Various alternative approaches are under consideration and some require the development of
ways in which the well-to-tank (WTT) or upstream GHG emission impacts of various vehicle
technologies and energy carriers can be factored into the regulation.

This section briefly explores methodological issues and derives WTT emission factors for use in the
assessments presented in section 5.6 using a fleet model. A more detailed discussion of WTT factors
can be found in Annex A.
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54.1 Assumptions made for defining WTT emission factors

There are quite a number of choices to be made when defining a methodology to determine the
upstream GHG emission intensity of the various energy carriers. Some of these will apply to all energy
types, others are mostly relevant for some of them.

Standard life cycle analysis methodology should be used as a starting point, where all emissions along
the life cycle of the fuel or energy carrier are considered, using a number of well-defined
methodological assumptions. This approach is also taken in the Renewable Energy Directive and the
Fuel Quality Directive, where upstream GHG emission factors are provided for all of these fuels and
other energy carriers™.

The main methodological choices to be made are the following:

The fuel and energy categories that are differentiated;

The methodology used for allocation of by-products and blends;

How to account for indirect emissions, mainly due to indirect land use change (ILUC)?

GHG intensity for average or marginal fuel production and energy generation? In the case of

marginal, short or long term marginal emissions could be distinguished;

One average factor for the EU, or differentiation between Member States?

e In case of electricity: whether to use consumption or generation data, and how to treat co-
generation of heat?

e Emission factors of which year?

e Scope of emissions.

The assumptions made for the assessment presented in this chapter are described in more detail in
Annex A.

54.2 Generation of indicative upstream emission factors for different scenarios
(2020-2050)

In this section, upstream emission factors are generated for use in the fleet assessment model
(described in Annex B). Values are developed for WTT figures from a global perspective as well as
figures according to IPCC accounting rules for the EU. The expected development over time of these
upstream emission factors will be described for the 2020-2050 timeframe, the scope of this study.

Assumptions need to be made regarding the most likely future developments of upstream emissions of
all types of energy carriers. Modelling such a development is relevant for:

e conventional fuels: WTT emissions could increase as a result of using oil from increasingly less
conventional sources, however, CO, mitigation options exist also in that part of the fuel chain.

e electricity and hydrogen: average and marginal WTT emissions are likely to go down as a result of
declining caps under the EU-ETS and increased uptake of renewable electricity production;

e biofuels: WTT emissions may reduce if more stringent GHG emission criteria are implemented in
the future (incl. inclusion of ILUC effects).

The question how the Fuel Quality Directive, Renewable Energy Directive and the ETS will develop
after 2020 is relevant here, as these may affect the emission factors of the various fuels. Assumptions
will also be needed about how WTT emissions will change over time. These should be compatible with
the EU 2050 Roadmap as far as possible.

GHG intensity of conventional fuels

As mentioned above, WTT emissions of petrol and diesel are likely to increase as a result of using oil
from increasingly less conventional sources, which require more energy than conventional oil
production and thus have higher emissions — depending on the energy used. On the other hand,
however, it can also be expected that more CO, mitigation options will be implemented in the future,
due to the FQD (currently only relevant for the period until 2020, but perhaps further tightened

'8 Note that the methodology and default values for fossil fuels, electricity and hydrogen are not yet decided on. However, the Commission has
issued a draft proposal for the FQD that includes these in October 2011.
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afterwards) and perhaps other (incl. global) climate policies. Venting and flaring can be reduced,
energy efficiency could be improved, low-carbon energy sources could be deployed, etc.

The actual development of emissions thus depend strongly on the future policies in place: the FQD
after 2020, policies in the oil producing countries and global climate policies.

Regarding natural gas, the same argumentation applies, although in this case, the main reason for a
potential future increase of emissions would be an increase of the share of NG imports and transport
distances (both via pipelines and with LNG tankers).

We thus propose to assess two different scenarios, one which assumes effective CO, reduction
policies in the fossil fuel chains, and one which assumes that a future shift to high-carbon fossil fuels
will gradually increase emissions:

e Scenario 1: Starting with current WTT emission factors, a 0.5% reduction per year is assumed®’.
e Scenario 2: Starting with current WTT emission factors, a 0.5% increase per year is assumed.

The baseline emission factor is based on the results in Annex Il of [JEC 2011], for 2020.

Table 7 Potential scenarios for fossil fuel WTT GHG intensities (gCO2/MJ)

Scenario 1 Scenario 2
Petrol Diesel Nzt:SraI LPG Petrol Diesel Neg:sral LPG
2020 14.2 15.9 8.7 8 14.2 15.9 8.7 8
2030 13.5 15.1 8.3 7.6 14.9 16.7 9.1 8.4
2040 12.8 14.4 7.9 7.2 15.7 17.6 9.6 8.8
2050 12.2 13.7 7.5 6.9 16.5 18.5 10.1 9.3

GHG intensity of biofuels

Biofuels need to achieve a minimum GHG emission reduction, compared to fossil fuels, to be able to
count towards the RED and FQD target. The calculation methodology does not yet, however, include
emissions due to indirect land use change (ILUC), and thus overestimates GHG emission savings very
significantly for quite a large share of the current biofuels (especially for biodiesel, see [IFPRI 2011].
Efforts are on-going to include ILUC impacts, but it remains questionable whether the system can be
made watertiqht for all biofuels, i.e. whether the GHG emission factor that is reported is indeed a
realistic value'®. We therefore propose to assess two different variants:

e Scenario 1: assumes that biofuels meet the minimum GHG reduction targets set by the EU
policies, also in real life™. It is assumed that the minimum GHG reduction level follows the RED
minimum levels until 2020, and then lowers to 70% from 2020 onwards and to 80% from 2030
onwards.

e Scenario 2: assumes that ILUC emissions cannot be effectively included in the policies (although
some form of ILUC policy is implemented) or that they are included but the minimum levels are
kept at higher levels than in scenario 1. The result is that GHG emission factors are effectively
equal to fossil fuels in 2010, achieve an average reduction of 20% in 2020, and 40% from 2030
onwards, and 60% from 2040 onwards .

To convert these GHG reduction levels to GHG emission factors, the 2010 fossil fuel emission factors
are used as a reference, as provided in the recent draft FQD proposal: 87.5 gCO,/MJ for petrol, and
89.1 g CO,/MJ for diesel.

* For comparison: the current FQD requires a 6% emission reduction between 2010 and 2020, which amounts to -0,62% reduction per year.
Assuming that part of this target will be met by shifts to alternative, low carbon fuels such as CNG and electricity, and assuming that this rate of
emission reduction will continue after 2020, an annual reduction of 0.5% would seem a reasonable estimate.

8 For example, the current ILUC debate focusses on biofuels from food crops. However, ILUC and other indirect effects also occur for biofuels
from waste and residues, as many waste and residue streams are already in use in other sectors, or could be used in more efficient applications.

* The current minimum level is 35% (although installations from before 2008 do not have to comply until 1.5.2013), but this increases to 50% from
2017 onwards. Biofuel production plants that start production after 1.1.2017 must achieve a minimum of 60%.
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Table 8 Potential scenarios for biofuels WTT GHG intensities (gCO2/MJ)
Scenario 1 Scenario 2
Year Biofuels for Biofuels for Biofuels for Biofuels for
petrol diesel petrol diesel
vehicles vehicles vehicles vehicles
2010 70 71.3 87.5 89.1
2020 26.3 26.7 70 71.3
2030 17.5 17.8 52.5 53.5
2040 175 17.8 35 35.6
2050 175 17.8 35 35.6

Looking at current biofuels, there is a difference in average GHG intensity of ethanol and biodiesel,
especially when ILUC effects are included (ethanol typically has lower GHG intensity than biodiesels
from vegetable oils). It is not clear, however, how this will develop in the future. In these scenarios, we
have therefore taken equal values for biofuels, irrespective if they replace petrol or diesel.

GHG intensity of electricity

To calculate the well-to-wheel GHG emissions of electric vehicles, the GHG emission per unit of
electricity used is an important parameter. As discussed in the previous section, quite a number of
choices will have to be made before the value of this parameter can be given (see annex A).

As we look at the timeframe until 2050 in this study, emission factors can best be based on the EU
scenarios developed for the EU Roadmap 2050 [EC 2011]. As depicted in the roadmap, power
generation in the EU will be almost completely decarbonized by 2050. Note that the PRIMES carbon
intensity numbers are for ‘Electricity and Steam production’.

The PRIMES emission data are in line with Eurostat statistics for 2009 (most recent data), and thus
seem to use the same definitions. A different set of values seems to be used in the FQD draft proposal
(of October 2011), however. This gives substantial higher GHG intensities than the PRIMES-
TREMOVE scenarios.

In this study, we use the PRIMES-TREMOVE v.1 results of different scenarios to assess the sensitivity
of the different options to variations in GHG intensity of electricity:

e Scenario 1: Decarbonisation scenario as used for the Roadmap 2050 (PRIMES-TREMOVE v.1,
Decarbonisation scenario)

e Scenario 2. Reference scenario developed for the Roadmap 2050 (PRIMES-TREMOVE v.1,
Reference scenario)

Table 9 Carbon intensities for electricity generation in the EU27.
Year Scenario 1: Carbon intensity (ton COleWh)20 Scenario 2: Carbon intensity (ton CO,/MWh)
Decarbonisation scenario Reference scenario
1990 0.4624 0.4624
2000 0.3729 0.3729
2010 0.3113 0.3130
2020 0.2053 0.2256
2030 0.1005 0.1756
2040 0.0314 0.0992
2050 0.0036 0.0734
Source: DG CLIMA, Background data to [EC 2011]

® 1 ton CO2/MWh = 0,278 kg CO2/MJ (MJ electricity or MJe, not primary energy)
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GHG intensity of hydrogen

In the current situation, most of the world’s hydrogen is produced from reforming of natural gas (about
90%). Most of this hydrogen is used in refineries [ECN 2011]. A large range of potential production
routes exist, however, such as coal gasification, biomass processing (e.g. gasification of wood waste)
and hydrogen production from electrolysis (i.e. from electricity).

Hydrogen production via electricity was found to result in a large range of GHG intensities, strongly
dependent on the energy source for electricity generation. If fossil fuels are used to produce the
electricity, GHG emissions are typically relatively high (up to 400-500 g/MJ in case of coal electricity,
about half of this if natural gas is used). Using renewable energy sources such as wind will result in a
much more attractive GHG intensity, around 10-30 g/MJ.

Comparing these results and general trends with future decarbonisation requirements, only a limited
number of these hydrogen routes could be attractive energy routes for future transport:

e hydrogen production through gasification of wood waste and residues

¢ hydrogen produced from electricity from renewable energy sources

e hydrogen from gasification of fossil fuels with CCS (where natural gas would cause less GHG
emissions that coal)

Assuming that the GHG intensity of transport fuels will be gradually reduced over time, for example
because of further tightening of the FQD GHG emission reduction target, lower WTW GHG emissions
will become increasingly financially attractive. It then seems reasonable to assume that during the
coming decades, hydrogen production for transport fuels will gradually shift from the current natural
gas reforming practice to either production from renewable energy sources (biomass, wind, solar), or
that fossil fuels remain the main energy source but CCS is applied.

Based on these trends, two scenarios were developed for the GHG intensity of hydrogen use in
transport: a decarbonisation scenario that is in line with that of electricity generation (see the previous
paragraph), and a less optimistic scenario that is in line with the reference roadmap scenario for
electricity generation. In both cases, emissions of hydrogen are assumed to be higher than that of
electricity, because of the (additional) energy needed for H, production. This energy use is quite high:
Appendix 2 of [JRC 2011] estimates that if in 2020 hydrogen is produced from the average EU
electricity mix, almost twice as much energy is used to produce 1 MJ of hydrogen, compared to the
energy needed to produce 1 MJ of electricity. However, as the decarbonisation of electricity
progresses over time, the impact of this additional electricity use on CO, emissions reduced.

In view of the uncertain future developments described above, the uncertainty of these figures is
relatively large, especially in the period between 2020 and 2040. During that time frame, natural gas
reforming is likely to remain an economically attractive route, and decarbonisation of the hydrogen
production pathways will depend on (yet uncertain) EU policies and/or own initiatives of the industry.

Table 10  Carbon intensities for hydrogen use in transport in the EU27, in g CO.eq/MJ.

Year Scenario 1: Carbon intensity (g CO»eq/MJ) Scenario 2: Carbon intensity (g CO.eq/MJ)
Decarbonisation scenario Reference scenario

2010 111 111

2020 89 100

2030 36 60

2040 13 35

2050 2 24

5.4.3 WTT energy use

Some of the regulatory options to be investigated in this study are based on well-to-wheel energy use,
as an alternative to well-to-wheel CO, emissions. To this end, well-to-tank energy use factors need to
be developed for the various fuels and energy carriers, similar to what was done for CO, in the
previous paragraph.
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In the current situation, WTT energy use is typically relatively low for fossil fuels and electricity, but it
can be quite high in case of biofuels and hydrogen.

Conventional fuels

The WTW energy use of conventional diesel and petrol can be expected to reduce less fast than the
GHG intensity, and is even likely to increase in the longer term. This increase depends quite strongly
on the future shares of unconventional oil — the higher their shares in the EU fuels, the higher the
WTW energy intensity of conventional fuels. Furthermore, some of the GHG mitigation options that are
likely to be implemented will also increase energy use.

When looking at natural gas (CNG), energy use is also likely to increase in the future, mainly because
average transport distances will increase as EU production declines. LPG is typically produced from
condensates from remote gas production. Energy use is not likely to change much in that chain.

Results are given in the table below. Key assumptions are:

e petrol and diesel energy WTT intensity increases by 10% every 10 years;

e natural gas shifts from the current EU-mix towards increasing imports over long-distances (via
pipeline or LNG tankers);

e LPG WTT energy use remains constant over time.

Table 11  WTT energy intensity of conventional fuels, in MJexpended/MJfinal

Year Petrol Diesel Natural gas LPG

2020 0.17 0.20 0.12 0.12

2030 0.19 0.22 0.16 0.12

2040 0.21 0.24 0.19 0.12

2050 0.23 0.27 0.23 0.12
Biofuels

A number of developments can be identified that may impact the WTW energy use of biofuels in the
coming decades: the feedstock used for biofuel production may change, new production technologies
may come on the market and replace the current ones, and GHG mitigation measures will be
implemented in response to sustainability criteria and climate policies.

One development that is to be expected in response to a future tightening of GHG emission targets
and ILUC implementation is an increased use of feedstocks with low GHG impact such as waste and
residues or commodities that are cultivated with relatively limited land and fertiliser use. Especially the
latter are likely to also require less energy to produce than current biofuels from agricultural
commodities. However. as shown in [JEC 2011], biofuels from waste, residues and wood typically
require more energy than biofuels from commodities, as the waste streams need energy-intensive pre-
processing. Other key GHG mitigation options that can be expected to be applied are an increasing
use of renewable energy in the biomass-to-biofuel chain and use of CCS. Renewable energy is not
likely to significantly impact on energy use. CCS will, however, increase overall WTT energy use. This
effect may be relatively limited in case of ethanol, where the CO, is produced in pure form and there is
no need for (potentially energy intensive) separation technologies.

Table 12 WTT energy intensity of biofuels, in MJexpended/MJfinal

Year Bio-petrol Bio-diesel
2010 1.5 1.1
2020 1.5 1.1
2030 1.5 1.1
2040 1.5 1.1
2050 1.5 1.1

When comparing this potential future shift in biomass-to-biofuel routes with the WTT energy use
factors in [JEC 2011], it can be concluded that the energy intensity will remain quite constant over the
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coming decades. It may increase or decrease to some extent, mainly depending on the mix of
feedstocks used and by product utilisation. In view of the uncertainties, it was decided to assume that
these values will remain constant at the levels shown in Table 12.

Electricity
The WTT energy use of electricity production is relatively high in the current situation. The energy

efficiency of coal or gas power plants is somewhat better than that average, while nuclear energy
scores less than average. The WTT energy intensity of electricity production from woody biomass is
comparable to that of coal powered plants if the biomass is co-combusted with coal, but increases if a
gasification route is used. WTT energy input for wind and solar power is limited to losses in the grid,
and almost negligible.

Therefore, if the electricity sector is decarbonized by shifting towards a mix of renewable energy
sources, WTT energy intensity of electricity will reduce significantly in the future. However, if
decarbonisation is for a large part achieved through CCS, where coal and gas remain the main energy
source, this reduction will be much less, and even (partly) counterbalanced by the energy demand of
the CCS.

In the EC Energy Roadmap 2050 a number of different decarbonisation scenarios are provided for the
electricity sector, with very different mixes of energy sources, and different contributions of CCS.
Upstream energy intensities were not specifically calculated, but in view of the above different mixes
are likely to result in different WTT energy intensities. However, a number of consistencies were found
throughout the decarbonisation scenarios. For example, power generation in 2050 was found to be
based on renewables for around 60%-65% in all scenarios, except for the high renewable energy
(RES) case, in which this share is much higher. Wind alone accounts for about one third of power
generation in most decarbonisation scenarios. In the high RES case, the wind share reaches even
close to 50% in 2050.

Looking at the energy mixes in the various scenarios, the following ‘best guess’ mix for 2050 has been
derived: about 35% wind power and 30% of other renewables (mainly hydro, solar and biomass), 20%
fossil power (for a large part with CCS) and 15% nuclear. The resulting estimates for WTT energy
intensity of electricity are shown in Table 13%.

Table 13  WTT energy intensity of electricity production, in MJexpended/MJfinal

Year WTT energy intensity of electricity production
2010 1.87
2020 1.61
2030 1.35
2040 1.09
2050 0.83
Hydrogen

As explained in Annex A.2.4, hydrogen can be produced from a whole range of energy carriers. In line
with the approach taken above for electricity, it is assumed here that the hydrogen production will
decarbonize in the future. The main options to achieve this are hydrogen production through
gasification of wood waste and residues, from electricity from renewable energy sources and from
gasification of fossil fuels with CCS.

We thus assume that in 2010 hydrogen production is 100% based on natural gas reforming, while in
2050 each of the three low-carbon routes contribute one third to the hydrogen production. The WTT
energy intensity of hydrogen is then expected to increase, as shown in Table 14. The energy intensity
was assumed to increased linearly between 2010 and 2050. Comparing these factors with that of
electricity in the previous paragraph, it can be seen that hydrogen has a better energy efficiency in the
short term, but this will change over time as less energy efficient routes are assumed to be used for
hydrogen production in order to reduce GHG emissions. The energy intensity will only reduce over

2 For simplicity, a linear reduction of energy intensity is assumed between the current situation and 2050.
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time if renewable electricity is used as a main energy source for hydrogen. Nevertheless, even in that
case energy losses will be inevitable as the electricity will have to be converted to hydrogen: [JEC
2011] estimates energy intensity of wind-to-hydrogen to be about 0.8 MJ/MJjia.

Table 14  WTT energy intensity of hydrogen, in MJexpended/MJfinal

Year WTT energy intensity of hydrogen
2010 0.84
2020 0.88
2030 0.92
2040 0.95
2050 0.99

5.5 Definition of equivalent targets

In order to compare alternative metrics, based on different variables with the current legislative metrics
(TTW CO, emissions), trends have to be defined for the alternative metrics that are equivalent to the
assumed TTW CO, reduction trend between 2020 and 2050 that is required to approximate a CO,
reduction similar to that of the 2011 White Paper.

The approximation of the White Paper TTW CO, reduction trend (based on the IPCC accounting
methodology), can also be expressed in an average TTW CO, emissions trend per vehicle kilometre.
The current legislative metric, however, is based on type approval CO, emissions in which biofuels are
not accounted for. Therefore the equivalent trends for alternative metrics must be derived from the
TTW CO, emission trend in which the biofuels do not count as zero emissions. This is represented in
Figure 33 as the dark blue line (M1 — TTW COy/km).
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Figure 33 Trends for targets based on alternative regulatory metrics which are equivalent to the trend for the
target based on the current regulatory metric (TTW CO» emissions) as given by Scenario 1.

As described in detail in section 4.2.2, the equivalents of this trend depend on the fleet composition.
Since it is assumed that the CO, emission trend of Scenario 1 complies with the European
Commission’s ambitions, the equivalent trends are based on this Scenario 1 fleet composition. For
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metric “M4 — Alternative EV accounting” imaginary TTW CO, emissions are attributed to BEVs and
FCEVs. These CO, emissions are half that of CO, content per MJ of petrol.

5.6 Assessment of impacts of scenarios on GHG
emissions for different regulatory options

As explained above, two scenarios have been derived for each of the fuels/energy carriers to capture
the uncertainties of future developments. Especially the sensitivity of the CO, emissions to the
electricity and hydrogen WTT emission factors is worth analysing, since:

e a significant share of new registrations beyond 2025 are expected to be (partly) powered by
electricity;
e the future WTT emissions of these two energy carriers are currently rather uncertain.

Therefore the results of the model are presented in this study for both WTT scenarios for electricity
and hydrogen. Firstly, the model outcomes are based on the decarbonisation scenario (low carbon
intensity) as used for the Roadmap 2050 (PRIMES-TREMOVE v.1, Decarbonisation scenario).
Hereafter, higher carbon intensities are applied based on a reference scenario developed for the
Roadmap 2050 (PRIMES-TREMOVE v.1, Reference scenario).

5.6.1 Results for the case of electricity and hydrogen production with low carbon
intensity

Overall WTW CO, emissions per metric

Results for the impact of different fleet composition scenarios on fleet-wide WTW CO, emissions in the
case of low WTT emissions for alternative energy carriers are depicted in Figure 34 to Figure 38.
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Figure 34 Overall WTW CO, emissions for a TTW CO; based metric for the four assessed scenarios
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Figure 35 Overall WTW CO, emissions for a TTW MJ based metric for the four assessed scenarios
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Figure 36 Overall WTW CO; emissions for a WTW CO, based metric for the four assessed scenarios
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Figure 37 Overall WTW CO, emissions for a TTW CO, based metric with alternative accounting for emissions
from electric vehicles
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Figure 38 Overall WTW CO, emissions for a WTW MJ based metric for the four assessed scenarios

From Figure 34 to Figure 38 it can be concluded that all metrics are only limitedly sensitive to changes
in the fleet composition, i.e. for all metrics the WTW CO, scenarios are similar for the various fleet
compositions used in this assessment. Also this sensitivity is not significantly affected by the assumed
scenarios for the WTT emission factors for alternative energy carriers. In Table 15 (equal to Table 17)
can be seen that in 2050 the energy based metrics are most sensitive to the fleet composition.

This limited sensitivity is partly due to the large reductions that have to be realised between 2020 and
2050 to comply with the emission reduction as presented in the 2011 White Paper. As a result the
options for assessing various fleet compositions are limited since the share of low CO, emission
vehicles has to increase rather severely beyond 2020. It must also be borne in mind that this
assessment assumes that the types of vehicles that manufacturers will market is not influenced by the
choice of metric. This may not be correct and is explored further in Service Request 8.
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Table 15  Overall WTW CO; emissions for the whole vehicle fleet in 2050

205.0 qverall WTW fleet Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
emissions [Mton]

M1 - TTW gCO,/km 70 69 70 71

M2 - TTW MJ/km 70 53 63 64

M3 - WTW gCO,/km 70 69 72 72

M4 — Alternative accounting for EVs 70 61 63 64

M5 - WTW MJ/km 70 55 65 67

Cumulative WTW CO, emissions

For the four metrics the impact of the four different scenarios on cumulative emissions (total emissions
over the 2010 — 2050 period) are depicted in Figure 39 to Figure 42. The small differences in the
annual emissions, as visible from Figure 34 to Figure 38, result in even smaller relative differences in
cumulative emissions. From this perspective no significant difference can be observed between the

various metrics.
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Figure 41 Cumulative WTW CO; emissions for a TTW energy based metric for the four assessed scenarios
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Figure 42 Cumulative WTW CO; emissions for a WTW energy based metric for the four assessed scenarios

Weighted average WTW CO, emissions per vehicle kilometre for the new vehicle fleet

Results for the impact of different fleet composition scenarios on average WTW CO, emissions per
vehicle kilometre for the new vehicle fleet in the various years are depicted in Figure 43 to Figure 46

e M1 - TTW gCO2/km
e M2 - TTW MJ/km
M3 - WTW gC0O2/km

for the case of low WTT emissions for alternative energy carriers.
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Figure 43 Weighted average WTW CO, emissions per kilometre for new vehicles for all metrics assessed
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Figure 44 Weighted average WTW CO, emissions per kilometre for new vehicles for all metrics assessed
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Figure 45 Weighted average WTW CO. emissions per kilometre for new vehicles for all metrics assessed
(Scenario 3)
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Figure 46 Weighted average WTW CO, emissions per kilometre for new vehicles for all metrics assessed
(Scenario 4)

Scenario 1

As can be seen in Figure 43 and Table 16, in the Scenario 1 fleet the weighted average WTW CO,
emissions per vehicle km for new vehicles are equal for all metrics assessed. The reason for this is
that the equivalent targets for the alternative metrics have been derived using this scenario. As
explained above, the trend of TTW CO, emissions is defined by reproducing the White Paper trend
towards 2050. Equivalent trends to this TTW CO, emissions trend have been generated for the other
metrics.

For the other fleet scenarios, the weighted average new vehicle WTW CO, emissions per vehicle km
differ per metric because the trend per metric, as derived from the TTW CO, emissions given Scenario
1, are now to be met with another fleet composition. However, as can be seen in Figure 43 to Figure
46, the difference between difference metrics is rather limited for all scenario’s assessed. This is
mainly the result of the combination of high amounts of vehicles with a (partly) electric drive train and
the significant decrease of CO, intensity of the electricity production. As a result, the overall emissions
are reduced rather much for all scenario’s. Nevertheless, when zooming in on the effects near 2050
conclusions can be drawn.

Scenario 2

As can be seen in the table below, the difference between different metrics is largest in Scenario 2,
especially for the energy based metrics. This is the result of FCEVs requiring more energy per
kilometre than BEVSs. In case the hydrogen for the FCEVs is mainly produced by electrolysis, FCEVs
would also emit more CO, WTW. In Scenario 2, the share of FCEVs is significantly larger than in
Scenariol. In order to meet the equivalent trend based on Scenario 1, ICEVs would have to reduce
more WTW CO, emissions. This results in relatively low WTW CO, emissions for energy based
metrics.

FCEVs are expected to have higher annual mileages than BEVs. Since the total demand of vehicle
kilometres travelled is conserved, the amount of FCEVs in Scenario 3 is lower than the amount of
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BEVs in Scenario 1. This effect would allow higher WTW CO, emissions from ICEVs and is therefore
contradictive to the effect resulting from the higher energy use of FCEVs compared to BEVs. Since this
effect is smaller, the overall WTW CO, emissions are lower than in Scenario 1.

Scenario 3

Also in Scenario 3, the average WTW emissions per vehicle km are lower for the energy-based
metrics than for the CO, related metrics. This is the result of the increased share of new electric
vehicle registrations compared to Scenario 1. These electric vehicles use less energy per kilometre
than the conventional vehicles on average use in Scenario 1. This allows conventional vehicles on
fossil fuels to use more energy under a target based on a MJ/km metric. Since the electricity has a
very low carbon intensity compared to the CO, emitted to generate the energy for the conventional
vehicles, the WTW CO, emissions are lower for energy-based metrics than for CO, based metrics.

Scenario 3 includes more BEVs than Scenario 1. Given the used methodology, new ICEVs would be
allowed higher TTW CO, emissions to still meet the TTW CO, emissions target. As a result it could be
expected that the TTW CO, based metric would lead to higher WTW CO, emissions. In Table 16 it can
be seen that this difference is very small. This is because the number of new ICEVs is diminutive in
2050. The only TTW CO, emissions for new vehicles in 2050 are from the PHEVs.

Scenario 4

In this scenario, the share of electric vehicles is equal to that in Scenario 3, while the share of biofuels
is lower than in the other scenarios. Since the WTW CO, emissions of these biofuels are relatively low
in 2050, a decrease in the share of biofuels has a negative effect on the weighted average WTW CO,
emissions per vehicle for all metrics assessed. However, this effect is limited in 2050 because of the
relative small decrease of the biofuels share in that year (as described in B) and the small remaining
number of ICEVSs.

Table 16  Weighted average WTW CO, emissions per newly registered vehicle in 2050

(Za(r)nsigsvzloe;%hpt)ee(rj \7(\alr?|r§‘|gee[g\;/\govlllkcn?]2 Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
M1 - TTW gCO,/km 17.5 18.0 17.6 17.8
M2 - TTW MJ/km 17.5 11.0 14.2 14.3
M3 - WTW gCO./km 17.5 17.5 17.5 17.5
M4 — Alternative accounting for EVs 17.5 14.9 14.5 14.7
M5 - WTW MJ/km 17.5 8.3 13.8 14.0
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Figure 47 Overall TTW CO; emissions for all metrics assessed (Scenario 1)
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Figure 48 Overall TTW CO; emissions for all metrics assessed (Scenario 2)
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Figure 49 Overall TTW CO; emissions for all metrics assessed (Scenario 3)
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Figure 50 Overall TTW CO, emissions for all metrics assessed (Scenario 4)

Scenario 1

As can be seen in Figure 47, the overall TTW CO, emissions by the Scenario 1 fleet are equal for all
metrics assessed. As explained above, this is the result of the equivalent trends for all metrics are
based on this scenario. This was already explained in more detail in the assessment of the weighted
average WTW CO, emissions per vehicle.

Scenario 2 — Scenario 4

For the other fleet scenarios, the overall TTW CO, emissions do differ more per metric. However, as
can be seen in Figure 47 to Figure 50, the difference between different metrics is smaller than for the
weighted average WTW CO, emissions per vehicle. This is the result of the CO, emissions
represented in these figures being fleet based while the emissions in Figure 43 to Figure 46 are based
on new vehicles. Since the fleet largely exists of vehicles that emit more than the emissions of the new
registrations (i.e. older vehicles) differences are less pronounced.
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Table 17  Overall TTW CO emissions for the whole vehicle fleet in 2050

2050 overall TTW fleet emissions [Mton] | Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
M1 - TTW gCO,/km 86 83 85 85
M2 - TTW MJ/km 86 63 77 77
M3 - WTW gCO,/km 86 83 88 87
M4 — Alternative accounting for EVs 86 73 77 77
M5 - WTW MJ/km 86 65 80 81

5.6.2 Results for the case of electricity and hydrogen production with high carbon
intensity

Results for the impact of different fleet composition scenarios on fleet-wide WTW CO, emissions in the
case of high WTT emissions for alternative energy carriers are depicted in Figure 51 to Figure 55.

From Figure 51 to Figure 55 it can be concluded that, also based on higher GHG intensity electricity
and hydrogen production, all metrics are only limitedly sensitive to changes in the fleet composition. In
Table 18 can be seen that in 2050 the energy based metrics are most sensitive to the fleet
composition.

Based on the higher GHG intensities compared to those used in section 5.6.1, the sensitivity of the
metrics to changes in the fleet is less. This is the result of the WTW CO, emissions of BEVs and
FCEVs being closer to those of conventional vehicles.

Overall WTW CO, emissions
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Figure 51  Overall WTW CO, emissions for a TTW CO; based metric for the four assessed scenarios
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Figure 52 Overall WTW CO, emissions for a TTW MJ based metric for the four assessed scenarios
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Figure 53 Overall WTW CO, emissions for a WTW CO, based metric for the four assessed scenarios
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Figure 54 Overall WTW CO, emissions for a TTW CO; based metric corrected for emissions from BEVs
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Figure 55 Overall WTW CO, emissions for a WTW MJ based metric for the four assessed scenarios

5.7 Conclusions

In chapter 4 it was shown that various metrics suffer from “WTW CO, leakage”, i.e. that average WTW
emissions of new vehicles increase with an increasing share of ZEVs in the new vehicle fleet. The
assessments carried out in this chapter are intended to investigate whether this effect also significantly
affects fleet-wide WTW CO, emissions in the medium and long term.

For the comparison of impacts of different metrics on fleet-wide WTW GHG emissions the definition of
equivalent targets levels for the different metrics is crucial. The analysis in chapter 4 has also shown
that for setting targets levels below what is technically feasible with ICEVs it is required to make
assumptions on the share of alternative vehicles or ZEVs in the new vehicle sales in the target year. In
case of a TTW CO, based target, the WTW CO, emissions and the TTW and WTW energy
consumption of a new vehicle fleet meeting the TTW CO, target depend on the share of ZEVs, their
energy efficiency and the WTT GHG emissions of the energy carriers for these ZEVs (specifically
electricity and hydrogen).
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Table 18 Overall WTW CO; emissions for the whole vehicle fleet in 2050 (based on a high carbon intensity
scenario for electricity and hydrogen)

ignﬁgs?\éﬁ;al[ll\/lvt\gr:/]v fleet Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
M1 - TTW gCOy/km 89.9 97.9 91.6 92.4
M2 - TTW MJ/km 89.9 82.1 85.1 85.9
M3 - WTW gCOy/km 89.9 91.3 92.0 91.5
M4 — Alternative accounting for EVs 89.9 90.3 84.8 85.5
M5 - WTW MJ/km 89.9 83.8 86.8 88.5

In this chapter the main policy scenario underlying the 2011 White Paper has been chosen as the
starting point for defining equivalent targets. If the Commission’s ambitions for GHG reduction are
based on this scenario, the evolution over time of TTW and WTW CO, emissions and energy
consumption of new vehicles and the entire fleet can be considered desired by or at least acceptable
to the European Commission. For this reason the performance of the new vehicle fleet in this scenario
on the different metrics was used to define equivalent targets for the various metrics.

The robustness of WTW GHG emissions under different metrics was tested by calculating these
emissions for different fleet compositions meeting the target with a given metric. In the model the fuel
efficiency of ICEVs (and of kms driven on the ICE by PHEVS) is adjusted in response to varying shares
of ZEVs in the new vehicle fleet in such a way that the new fleet average remains on target.

Under a WTW CO, based metric the WTW CO, emissions of the new vehicle fleet, and as a result also
of the entire fleet sufficiently long after introduction of the targets, are by definition not sensitive to
changes in fleet composition. Given the assumptions made, however, the impact of changing fleet
compositions on fleet-wide WTW GHG emissions was found to be very small also for the other
metrics. This is not only the case when using WTT emission factors for electricity and hydrogen from
the “decarbonisation scenario” that is part of the 2011 White Paper's main policy scenario, but also
when significantly higher WTT emissions are assumed.

The limited sensitivity of fleet-wide WTW emissions in the long term is consistent with findings in
chapter 4, that showed that in the long term WTT emissions of ZEVs become so low that an increase
in the share of ZEVs can no longer lead to a significant increase in WTW emissions. The fact that
sensitivity in the medium term is also small seems to contradict the results of chapter 4, although some
dampening of the effect is to be expected due to the limited impact of changes in new vehicle
emissions on the emissions of the entire fleet. The limited sensitivity in the medium term can be
attributed to the fact that the scenario 1, which was chosen as a starting point for the assessments,
assumes a very steep increase of the share of EVs and PHEVs in the period between 2025 and 2030.
Significant changes in fleet composition (within the limitations set by a minimum feasible TTW CO,
emission level of ICEVs and the requirement to meet the targets defined on the basis of scenario 1)
can then only come from shifts between EVs, PHEVs and FCEVs. Such shifts may be expected to
have less impact on fleet-wide WTW emissions than shifts between ICEV and ZEV shares.

In hindsight it would have been better to use a reference scenario with a less optimistic growth of ZEVs
in the medium term as a starting point for the analysis. However, it was decided not to carry out
additional analyses with the fleet model using alternative scenarios.
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6 Pros & cons of different options

In this chapter the various metrics and other regulatory options, as listed in chapter 2, are evaluated by
listing identified pros and cons (and relevant other comments) for each option individually. These pros
and cons relate to the assessment criteria as specified in chapter 0, and are based on the results of
analyses presented in chapters 4 to 8.

6.1 GHG emission based metrics

a.l Tailpipe CO, emissions as in existing Regulation (TTW gCO,/km)

Pros: e Focus on CO, implies that the goal of contributing to CO, reductions is more likely
to be achieved.

e Tight targets will stimulate the marketing of ZEVs (e.g. BEVs, PHEVs and FCEVS)
and will thus promote a more rapid transition to alternative energy carriers with low
or zero TTW emissions (electricity and hydrogen).

- Depending on the marginal costs of reducing the last g/km in ICEVs and the
additional costs of BEVs and other alternatives, this metric may also provide a
cost incentive for manufacturers to market alternative vehicles.

- The SR1 study [TNO 2011] estimates that the marginal costs for
meeting 95 g/km are around € 90 per g/km. Under the 95 g/km target
with a TTW CO,-based metric selling one BEV allows 95 ICEVs to
emit 1 g/km more. This saves € 8550 per BEV sold, which is of the
same order of magnitude as the additional costs for manufacturing
these vehicles.

- This issue is explored in more detail in SR8 [TNO 2013].

e A similar approach is currently used in the US, Japan and other regions worldwide.

e This regulatory approach is currently generally accepted by vehicle manufacturers
and automotive industry.

Cons: e Not technology neutral (depending on the overall policy objective). If the overall
goal is to reduce WTW emissions, this metric overstimulates vehicles with zero
TTW emissions (ZEVs) in comparison with other, possibly more cost-effective CO,
reduction options.

¢ Does not provide intrinsic credits for biofuel vehicles.

- This could be fixed with additional provisions. TA CO, emissions could be
corrected for the assumed impact of biofuels. This could be done by setting
CO, emissions for the biofuel share to zero (IPCC definition and consistent with
treatment of BEVs and FCEVs under this metric) or to a finite value that reflects
the average net WTW GHG emission reduction potential.

e Upstream emissions continue to be ignored.
¢ Increasing the share of ZEVs (vehicles with zero TTW emissions) such as EVs and

FCEVs to meet the TTW target leads to increase in WTW emissions compared to

the situation where the target is met without zero TTW emission vehicles.

- The same applies for PHEVs, though to lesser extent, depending on the shares
of electric and ICE driving mixed in the test procedure resp. real world driving.

- This effect was found to be most pronounced in the medium term when the
share of ZEVs in the new vehicle sales may already be significant, while their
energy carriers are still based on fossil energy to a large extent. In the short
term the number of ZEVs is still very small, limiting the net effect of variations in
the ZEV share on average WTW CO, emissions, while in the longer term the
GHG intensity of the alternative energy carriers should become so low that
even large shares of ZEVs lead to limited “WTW CO, leakage”.

- The problem goes away as soon as WTT emissions from electricity or
hydrogen generation approach zero.

e For low TTW CO, targets, that will be necessary in the medium to long term, the

TTW emissions of ICEVs required to meet the target become increasingly sensitive
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to variations in the share of ZEVs. If the share of ZEVs in the fleet is smaller than

assumed for setting the target, the required additional reductions in TTW CO,

emissions of ICEVs may be beyond what is technically feasible.

Provides no incentive for efficiency improvement for zero TTW emission vehicles,

- It could be argued, however, that this is not necessary as, especially for EVs,
high efficiency means large range and lower costs, so there is at least some
intrinsic incentive for manufacturers to improve efficiency.

Tailpipe CO, emissions for ICEVs with exclusion of Zero Emission Vehicles

Targets for conventional vehicles are not compromised by introducing other
technologies. This option avoids the leverage by zero-emission vehicles on the
overall average WTW emissions as discussed for option a.1.

Focus on CO, implies that the goal of contributing to CO, reductions is more likely
to be achieved.

It is not a fundamental long term solution, if this means that the regulation stays

limited to ICEVs.

- This could be solved by setting separate efficiency standards for EVs and
FCEVs, but then also CO, regulation for ICEVs could be replaced by an
energy-based metric.

Does not promote the transition to low-carbon or renewable energy carriers.

- Additional policy instruments are necessary to promote the use of vehicles with
low carbon energy carriers, such as BEVs and FCEVs, which are necessary to
reach the long term GHG reduction targets.

No need to account for biofuels share in conventional fuels as ICEVs are not
compared to alternative energy carrier technologies.

In this metric TTW CO, emissions are a very good proxy for TTW energy
consumption (or vehicle efficiency).

Tailpipe CO, emissions with notional GHG intensity for Zero Emission Vehicles

Focus on CO, implies that the goal of contributing to CO, reductions is more likely
to be achieved.

The use of a notional WTT factor for ZEVs can reduce the WTW CO, leakage
resulting from introducing ZEVs, but this is only the case when the equivalent
target is based on the assumption that the TTW target without notional WTT
emission factors for ZEVs can be met with ICEVs only.

Notional WTT and/or WTW/TTW factors do not need to be very exact (i.e. true
WTT factors) and do not require a complex monitoring system.

For equivalent targets based on an assumed ICEVsS/ZEVs mix for meeting the

TTW-based target the target with notional WTT emission factors for ZEVs shifts

with applied notional WTT factors, so that the WTW CO, leakage associated with a

TTW CO, based metric is not affected.

The required response in terms of adjusting the TTW emissions of ICEVs to

variations in the ZEV share depends somewhat on the equivalent target setting

(TTW target assumed to be met by ICEVs only or by a mix of ICEVs and ZEVs). In

both cases, however, there is a strong sensitivity of required TTW emissions of

ICEVs to variations in the actual share of ZEVs.

- This sensitivity is of the same order as for a TTW GHG based target without
notional GHG intensity for ZEVSs.

- Especially in the long term a smaller share of ZEVs than expected requires
unrealistic improvements in efficiency of ICEVs.

- Requires definition of, and agreement on notional WTT and/or WTW/TTW
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factors.
e OEMs might oppose it arguing that they are not responsible for these WTT
emissions.

- But OEMs can be made responsible through providing incentives for making
technology choices that contribute most effectively to meeting overall policy
objectives by taking account of difference in upstream emissions.

e More frequent updates of notional WTT factors would make planning more difficult
for OEMs.

- To avoid regular “surprises”, and the resulting planning uncertainty for OEMs,
one could use a projected trajectory for the WTT factors. This assumed
trajectory could be reviewed regularly to make trends visible. But legislation
should only be adjusted infrequently.

Other --
remarks:

a.4 Tailpipe CO, emissions adjusted to take account of WTW emissions (WTW gCO,/km)

Pros: e Focus on GHG emissions implies that the goal of contributing to GHG emission

reductions is more likely to be achieved.

e Focus on the most important parameter with respect to world-wide climate impacts.

e Technology neutral, if main policy objective is to reduce WTW GHG emissions.

e Under a WTW GHG based target the WTW GHG emissions are obviously
independent of the share of ZEVs and actual WTT factors for ICEVs and ZEVs.

e AWTW CO, based metric in the regulation would also allow national fiscal regimes
to be based on WTW rather than TTW CO, emissions. This may improve their
effectiveness towards the overall goal of reducing WTW GHG emissions.

Cons: e The flexibility with respect to changes in the share of ZEVs (relative to the assumed
share for determination of the equivalent WTW based target) appears rather limited
and depends on the possibility for ICEVs to respond to a changing ZEV-share.

- In case the equivalent WTW target is based on the assumption that the TTW
target is met by a mix of ICEVs and ZEVs, the following can be concluded:

- If the efficiency of ZEVs is assumed to be fixed, required changes in TTW
MJ/km of ICEVs in response to a varying ZEV share appear feasible in the
medium term. In the long term, however, the efficiency improvements of
ICEVs, necessary to respond to a lower than expected share of ZEVs,
become very large.

- If the efficiency of ICEVs is assumed to be fixed, which is specifically likely
in by 2030 and beyond when ICEV technologies may have reached their
limits, the required energy efficiency of ZEVs is extremely sensitive to the
ZEV share both in the medium and long term, and quickly moves beyond
feasible values if realised ZEV shares are somewhat below the expected
values.

- In case the equivalent WTW target is based on the assumption that the TTW
target can be met by ICEVs only, the efficiency of ZEVs does not need to be
adjusted in response to a changing ZEV share, even when the efficiency of
ICEVs is assumed constant. For longer term targets the assumption that the
TTW target can be met with ICEVs only becomes very improbable. If one
assumes that under a long term WTW target the TTW emissions of ICEVs are
fixed to a value that is higher than the equivalent TTW target, the efficiency of
ZEVs becomes very sensitive to changes in the share of ZEVs.

e Determining actual WTT and/or WTW emission factors requires a complex
monitoring system.

- For electricity and hydrogen an appropriate methodology is required. Different
electricity mixes in different countries and the EU-ETS complicate matters.

e Using actual WTW or WTT emission factors, or very frequent updates of these
factors, would make planning more difficult for OEMs.

- To avoid this, one could use a projected WTT factor or glideslope and review
regularly to give visibility of trends — but adjust legislation only infrequently.
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OEMs might oppose it arguing that they are not responsible for these WTT

emissions.

- But OEMs can be made responsible through providing incentives for making
technology choices that contribute most effectively to meeting overall policy
objectives by taking account of difference in upstream emissions.

A WTW CO, based metric might increase the interaction between the CO,
regulation and other policy instruments such as the FQD, RED, and EU-ETS. As
the interaction can be either complicating or beneficial (e.g. in the sense that the
regulation may promote adoption of vehicle technologies that are necessary to
achieve the targets w.r.t. energy carriers set in the FQD and RED), this is neither a
pro nor a con.

The option of having WTT emission factors taking into account estimated future
progress to represent expected average value over the vehicle lifetime might be
helpful, though note the risk of manipulation by “optimistic” forecasting.

Energy consumption based metrics

Energy used in the vehicle per vehicle-km (TTW MJ/km)

Reduces the overstimulation of electric and fuel cell vehicles and other vehicles
with (partly) zero TTW emissions.

A TTW energy based target can be considered to solve the problem of “WTW CO,
leakage” as observed in a TTW CO, based metric, as WTW emissions decrease
rather than increase with an increasing share of ZEVs if WTT emissions of these
ZEVs are sufficiently low.

Regulating vehicle efficiency rather than CO, emissions is apparently more
consistent with the regulation of the carbon intensity of energy supplied to transport
through the FQD/RED.

If reduction of WTW GHG emissions is the overall objective, this option is not
technology neutral, due to intrinsic differences in the energy efficiency of various
propulsion systems. Electric propulsion has about a factor of 3 better energy
efficiency than conventional powertrain with internal combustion engine, but WTW
GHG impact depends on upstream emissions.

For a given share of ZEVs the WTW GHG emissions increase with increasing WTT
emissions of ZEVs. The sensitivity of average WTW GHG emissions to variations
in the WTT emissions of ZEVs is about the same as for a TTW CO, based metric
Focus on energy efficiency could reduce effectiveness of achieving reduction goal
with respect to WTW GHG emissions.

In the medium to long term equivalent targets for a TTW energy based target must

be defined under the assumption that the original TTW CO, based target is met by

a mix of ICEVs and ZEVs. If the target is translated under the assumption that the

original TTW CO, based target is met by ICEVs only, the equivalent target ends up

below the minimum feasible energy consumption of ICEVs and ZEVs.

- This can, however, be considered a theoretical issue, as future targets for this
metric would be based on what is considered feasible given an assumed share
of ZEVs rather than on determining the equivalent of TTW GHG based target.

Separate efficiency targets for different classes of propulsion systems

Targets for conventional vehicles are not compromised by introducing other
technologies. This option avoids the leverage by zero-emission vehicles on the
overall average WTW emissions as discussed for option a.1.

This option also sets efficiency targets for vehicles with zero TTW emissions.

It is technology neutral provided that targets per technology are equally
challenging.
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Effort required for setting targets per class of propulsion systems based on

evaluation of technical potential and cost effectiveness.

Does not promote the transition to low-carbon or renewable energy carriers.

- Additional policy instruments are necessary to promote the use of vehicles with
low carbon energy carriers, such as BEVs and FCEVs, which are necessary to
reach the long term GHG reduction targets.

Energy use per vehicle-km adjusted for WTW consumption (WTW MJ/km)

Promotes overall resource efficiency.

Improves impact relative to option b1 with respect to reducing the leverage of zero-

emission vehicles.

- WTW GHG emissions are moderately sensitive to variations in the actual WTT
emission factor of ZEVs, but are quite sensitive to a varying ZEV share.

- With targets getting lower in the medium to long term, the sensitivity to the
ZEV share increases while the sensitivity of the average WTW GHG
emissions to the WTT emissions of ZEVs further decreases;

- In the short to medium term there is sufficient room for the TTW MJ/km of
ICEVs to respond within a feasible bandwidth to variations in the share of
ZEVs;

- Inthe long term the sensitivity in terms of the required change in MJ/km of
ZEVs or ICEVs in response to a changing ZEV share is much weaker than
for a WTW CO, based metric.

Promotes energy efficiency in vehicles running on alternative energy carriers.

Comparing primary energy use of fossil and renewable sources is an “apples &

pears” comparison. Fossil sources are finite.

WTW energy consumption does not correlate with WTW GHG emissions.

- This would not be a problem if reduction of overall primary energy consumption
is the goal. But the main goal of the policy strategy, of which the current
vehicle CO,; regulation is a part, is reduction of WTW GHG emissions and of
GHG emissions attributed to the EU and Member States on the basis of IPCC
rules.

If reduction of WTW GHG emissions is the overall objective, this option is not

technology neutral due to intrinsic differences in WTW energy efficiency of various

propulsion systems.

Focus on energy efficiency could reduce effectiveness of achieving reduction goal

with respect to WTW GHG emissions.

OEMs might oppose it arguing that they are not responsible for upstream / WTT

energy consumption for the production of energy carriers.

- But OEMs can be made responsible through providing incentives for making
technology choices that contribute most effectively to meeting overall policy
objectives by taking account of difference in upstream energy consumption.

The option of having WTT energy consumption factors taking into account
estimated future progress to represent expected average value over the vehicle
lifetime might be helpful, though note the risk of manipulation by “optimistic”
forecasting.
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Alternative options

Inclusion of road fuel use in EU ETS

Inclusion of road fuel use in the EU ETS

Theoretically economic instruments such as a cap & trade system promote the

most cost effective reduction options.

The advantage of a cap & trade system over a CO, tax is that the target is set and

the CO, price follows from the reductions that are necessary to meet the target.

With a CO, tax the tax level is a political choice.

Technology neutral.

- Large scale electricity and hydrogen generation plants are already part of the
EU-ETS. The question is whether small-scale electricity and hydrogen
generation, for use in vehicles or in general, should also be brought under EU-
ETS in a future that has a significant share of decentralised energy generation.

Inclusion of road fuel use in the EU ETS not only promotes the sales of less CO,

emitting cars but also promotes a wide range of other technical and non-technical

CO, reduction measures.

At current CO, prices under EU-ETS the impact of inclusion of road fuel use in the
EU ETS on fuel prices is very small.

A cap & trade system does not automatically stimulate timely action that is required
to get longer term, transitional options (such as EVs) implemented.

Current negative cost LDV CO, reductions suggest a degree of market
imperfection that would hamper the use of a market based instrument.

It is essential to evaluate how much reduction in the road transport sector would be
stimulated at different levels of the CO, price. The price differential between
different technologies will furthermore depend on whether the existing taxes on
various energy carriers remain unchanged or not.

Effectiveness of a cap & trade system may be affected by the way in which
emission credits are distributed.

A baseline & credit system for vehicle manufacturers

A vehicle manufacturer based trading scheme based on lifetime vehicle GHG
emissions

A manufacturer based trading scheme has the advantage of allowing more cost

effective distribution of reduction efforts over all new vehicles sold.

- Previous studies such as [TNO 2006] and [IEEP 2007], however, have shown
that the resulting average cost reduction per vehicle is limited.

For the stricter post 2020 targets this option could become more interesting as

trading allows setting target levels that cannot be met by all manufacturers within

their own sales portfolio and technical capabilities.

Adding lifetime mileage weighting to a manufacturer based trading system avoids

that reduction on small vehicles with low annual mileage are one-to-one traded

against equal reductions in larger vehicles with larger annual mileages.

With respect to solving the problem of a TTW-based metric in relation to WTW

impacts of ZEVs the pros are the same as for non-mileage weighted metrics that

include WTT emissions.

Lifetime mileage-weighting corrects for the fact that some technologies or size

segments have longer vehicle lifetime and mileage than other, so that 1 g/km

reduction in one segment has more/less impact on total GHG emissions than 1

g/km reduction in other segments Mileage weighting may thus lead to a more

optimal distribution of reduction efforts and costs by manufacturers.
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Allowing trading under a given target reduces incentives for investing in

technologies that are needed for the longer term transition:

- In the medium term, when large-scale application of ZEVs is not necessary for
meeting the target, the option of trading may slow down their introduction
compared to a target without trading, as it allows some manufacturers to avoid
application of ZEVs for meeting the target and instead to buy credits from other
manufacturers that have less difficulty in meeting their target by further
improvements in ICEVs.

Lifetime mileage figures need to be established. These are different per

manufacturer, per country and vary over time. So it will be difficult to reach

consensus.

Lifetime mileages may also be different for different technologies, as e.g. EVs

might be expected to be mainly used in urban applications with low annual mileage

while diesel vehicles or FCEVs are expected to be used in applications with more
long-distance driving and higher annual mileage.

- If this is the case, the introduction of a given share of EVs or FCEVs may be
expected to affect the average annual mileage of petrol and diesel vehicles.
This adds further complexity and enhances the need to constantly monitor
annual mileages of different vehicle categories.

As with WTT emissions some may argue that manufacturers have no control over

how much is driven with the cars they sell.

- However, if this options is only based on default values this argument is
irrelevant, similar to what was discussed for WTW based metrics.

The above pros and cons are based on the interpretation that this option is in
addition to a manufacturer based target using a lifetime mileage weighted g/km
metric, allowing manufacturers to trade excess emissions on the basis of lifetime
GHG emissions = gCO,/km x lifetime mileage, either on a TTW or WTW basis with
default lifetime mileage values defined e.g. as function of the vehicle’s utility value.

6.3.3 Cap & trade systems for vehicle manufacturers

el

Pros:

Other
remarks:

A cap and trade system for vehicle manufacturers, of total CO, emissions of vehicles
sold (expressed in g/km)

Overall cap on total vehicle CO, introduces joint responsibility of OEMs and shared

interest in reducing CO, emissions. This could encourage more collaboration.

- But beyond pre-competitive research such collaboration may be difficult to
arrange between competitors.

Not only targets vehicle efficiency and CO, emissions but also total sales, and thus

avoids market growth leading to increased emissions.

Similar to option d, allowing trading under a given target reduces incentives for
investing in technologies that are needed for the longer term transition

Makes the engineering target for vehicle efficiency very dependent on economic /
market fluctuations.

Especially in the longer term there will be limited room to compensate growth in
sales volumes by reduction of the average CO, emissions per vehicle kilometre. In
the medium term fluctuations in sales volume might be compensated by changing
the share of ZEVs in the new vehicle fleet. The room to manoeuvre depends on
whether the cap is based on TTW or WTW CO, emissions.

In terms of the MJ/km based metric this option has many of the pros and cons also
associated with options a.1 and a.3.
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6.3.4

Pros:

Cons:

Other
remarks:

6.3.5

Pros:

A cap and trade system for vehicle manufacturers, of total energy consumption of
vehicles sold (expressed in MJ/km)

e Overall cap on total vehicle energy consumption introduces joint responsibility of
OEMs and shared interest in reducing energy consumption. This could encourage
more collaboration.

- But beyond pre-competitive research such collaboration may be difficult to
arrange between competitors.

e Not only targets vehicle efficiency but also total sales, and thus avoids market
growth leading to increased energy consumption.

e Similar to option d, allowing trading under a given target reduces incentives for
investing in technologies that are needed for the longer term transition

e Makes engineering target for vehicle efficiency very dependent on economic /
market fluctuations.

e Especially in the longer term there will be limited room to compensate growth in
sales volumes by reduction of the average energy use per vehicle kilometre. In the
medium term fluctuations in sales volume might be compensated by changing the
share of EVs or FCEVs in the new vehicle fleet. The room to manoeuvre depends
on whether the cap is based on TTW or WTW energy consumption.

¢ Interms of the MJ/km based metric this option has many of the pros and cons also
associated with options b.1 and b.3.

Inclusion of embedded emissions in WTW approaches

Inclusion of embedded emissions in the WTW approaches listed above

e Provides an incentive for manufacturers to take account of differences in
embedded emissions for different technologies in planning product portfolio.

e This option requires an agreed and accountable methodology for determining life-
cycle emissions of vehicles and components. This is a complex issue, especially if
this method is also to be used to generate manufacturer-specific values.

e As with WTT emissions and lifetime mileage some may argue that OEMs do not
have full control over embedded emissions.
- This could be true for components they buy from suppliers, but even in that
case OEMs can be assumed to take responsibility for chain management.

e A 1% order approach with default values would suffice to cater for the main
differences in embedded emissions when moving from ICEVs to e.g. EVs or
FCEVs.

- Default values would need to be updated regularly.

Combining different options with e.g. size-dependent mileage weighting

Combining different options with e.g. size-dependent mileage weighting

o Lifetime mileage-weighting corrects for the fact that some technologies or size
segments have longer vehicle lifetime and mileage than other, so that 1 g/km
reduction in one segment has more/less impact on total GHG emissions than 1
g/km reduction in other segment.

- As a result mileage weighting may thus lead to a more optimal distribution of
reduction efforts and costs by manufacturers and would thereby improve the
cost-effectiveness of the regulation.
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Lifetime mileage figures need to be established. These are in principle different per

manufacturer, per country and vary over time. So it will be difficult to reach

consensus. Furthermore currently no reliable data are available at the EU level.

As with WTT emissions some may argue that manufacturers have no control over

how much is driven with the cars they sell.

- However, if this options is only based on default values this argument is
irrelevant, similar to what was discussed for WTW based metrics.

The utility parameter used in the legislation is an obvious candidate for a size
dependent mileage weighting. The most obvious implementations are in the form
of a size- or mass-based mileage. The former is preferred as vehicle mass will be
strongly affected by weight reduction measures in the next decades. Size could
e.g. be parameterised as pan area (length x width) or footprint (wheelbase x track
width).
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7 Combining different options and inclusion
of additional modalities

71 Introduction

As we see today, GHG emission policies in the EU consist of a whole package of different policies,
each targeting different aspects and options of GHG reduction. For example, energy efficiency targets
and policies are combined with renewable energy targets and policies, GHG intensity targets (FQD) as
well as with an emission cap (ETS) and regulations for pricing policies. This can be a very useful and
effective approach, because it provides targeted incentives to the various stakeholders involved and
rectifies market failures.

To illustrate these effects, the potential effects of CO,-based energy pricing policies or emission
trading in transport can serve as an example. In theory, one might think that these economic
instruments may lead to the most cost effective GHG emission reduction in the sector, as they set a
price on CO,, and both consumers and car manufacturers will automatically implement all CO,
reduction measures that are cheaper than that price. However, this is not the case in practice, for
example because consumers do not calculate cost over the lifetime of a vehicle but rather focus on
short term cost, or because they cannot respond quickly to price: many of the potential CO, mitigation
measures take many years to implement. Other policies are then necessary to promote these
measures.

When looking at the GHG emission regulations for vehicles, either with or without inclusion of life cycle
(upstream) emissions, it can be seen that these may interact with a number of other EU-level policies,
in particular

e The EU ETS, which covers the GHG emissions of the electricity generated for electric cars and
plug-in hybrids as well as of hydrogen production for fuel cell cars;

e The FQD”, which aims to ensure that the average well-to-wheel CO, emissions of transport fuels
and energy reduce over time;

e The RED?, that sets a target for renewable energy in transport, and thus incentivises the use of
renewable fuels and aims to ensure a minimum GHG reduction of biofuels - although the latter
requires implementation of effective policies to include ILUC effects.

They also interact with several national and even regional or local policies, such as vehicle and fuel
taxation, road charging, city access or parking restrictions or incentives, etc. These policies may also
promote specific low-GHG technologies such as electric or CNG vehicles, or hydrogen cars, and thus
support their deployment. This report, however, focusses on the interaction with EU policies.

7.2 Decarbonisation requires an integrated and timely
approach

Scenarios for decarbonisation of the transport sector provide clear conclusions that the sector needs to
implement most if not all GHG mitigation options available. An important feature of these scenarios is
that the future transport system has to make large scale use of electricity from renewable sources to
power rail and a significant part of road transport. Biofuels, possibly hydrogen and electricity and fossil
fuels will have to power heavy duty vehicles (long range transport), maritime shipping and aviation.
This is also confirmed in the White Paper for Transport, where development and deployment of new
and sustainable fuels and propulsion systems is also considered to be one of the three key areas of
focus.

Shifting from one energy source (the current oil-based fossil fuels) to other energy sources requires a
significant change to the transport system as a whole. For many of these alternatives, engines and
vehicles need to be developed, produced and brought on the market, the renewable energy (electricity,

2 DIRECTIVE 2009/30/EC, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0030:EN:NOT
% DIRECTIVE 2009/28/EC, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0028:en:NOT
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hydrogen, biofuels) has to be generated and an infrastructure has to be built to charge or fill the
vehicles. At the same time, consumers need to trust and accept the new technology, governments
need to adapt their policies and fiscal systems, and industry has to build expertise and production
capacity to support the new system.

Clearly, this type of transition requires time, and a coordinated approach between all parties involved.
Some recent technological transitions, for example the large scale emergence of PCs, the internet and
mobile phones have been driven mainly by the market itself. Governments played (and still play) a role
in providing the right boundary conditions and prevent undesired impacts and market distortions, but
the market uptake of these technologies was mainly driven by consumers willing to buy these
products, and the industry responding by developing and supplying the products, building the
necessary infrastructure, deciding on standards, developing attractive business models, etc.

This is, however, not a likely scenario in the case of vehicles with alternative fuels and drive trains. The
new technologies may provide some advantages to consumers, e.g. electric vehicles can typically
accelerate faster than the conventional cars, but these are limited compared to the disadvantages
such as higher cost, limited driving range, lack of refuelling or charging infrastructure, long charging
times, etc. A limited share of consumers is attracted by the new technology or the environmental
benefits, but the majority of vehicle buyers is not expected to consider buying them as long as cost are
higher and overall performance or ease-of-use is lower than of conventional cars.

It is generally expected that costs of the non-ICE alternative vehicles will not reduce sufficiently to
become competitive, without quite far-reaching government support and incentives [CE Delft 2011].
Cost of e.g. electric vehicle batteries, or of hydrogen vehicles (incl. the fuel and infrastructure) are too
high, and the advantages of conventional cars — in terms of cost, performance, etc. — are too large to
be overcome by market forces itself. Investments in these new technologies are likely to remain limited
unless the industry has confidence that consumers will indeed buy these cars. For that to happen
coordinated government policies appear necessary.

7.2.1 Different actors all play an important role

As it is doubtful whether the market itself is capable to achieve this transition to sustainable fuels and
propulsion systems on its own, policies need to ensure that all parties involved move in the right
direction and take the right actions. For most alternative energy carriers, changes are required by quite
a number of different parties, including vehicle and engine manufacturers and fuel producers and
suppliers. This is illustrated in the following.

In case of biofuels:

e A biofuel producing industry needs to be developed that produces biofuels that are sustainable (in
the broad sense, i.e. that they reduce GHG emissions over their life cycle, do not create significant
indirect effects, do not cause other environmental or socio-economic problems). This includes the
chain from feedstock cultivation or gathering/pre-processing to transportation, fuel production and
distribution to end users or fuel suppliers.

e Depending on the biofuel, vehicles that are compatible with higher biofuel blends may need to be
developed and put on the market.

¢ In case of bio-methane, vehicles need to be sold that can drive on this gas and a network of filling
stations needs to be developed.

In case of electric transport:

e Battery industry, component suppliers and car manufacturers have to put efforts into the further
development of batteries, electric powertrains and plug-in hybrids/range extenders, and increase
the production capacity for these products

e The power sector (or related industries) needs to develop and put in place a sufficiently extensive
charging network, preferably with a share of fast charging points or battery swap stations. This
may require adaptations to the grid, development and implementation of smart charging, etc.. In
any case it requires the development of standards, an IT infrastructure that enables roaming and
new business models.
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In case of hydrogen:

e Car manufacturers and related industries need to continue R&D into fuel cells, electric powertrains,
on-board storage etc. to reduce cost, increase driving range, etc.

¢ Industry has to develop a hydrogen infrastructure, ranging from increasing production volumes
(with a focus on production from renewable or low-carbon energy sources) to distribution to end
consumers.

Apart from these main developments, many of which require significant investments, a whole range of
smaller changes need to take place. For example, industry standards will have to be developed to
ensure safety, compatibility between cars and charging/filling infrastructure, car maintenance
engineers need to be trained, consumers need to be informed, etc.

Governments now need to develop robust policies that create effective incentives to promote these
actions and investments. As many of these developments are interdependent, they will need to take
place simultaneously — for example, bio-methane vehicles will only be developed and sold on a
significant scale in regions where enough filling stations are available. This effectively means that a
number of different actors need to be mobilized at the same time in order to promote a new fuel or

energy type.
7.2.2 Timing of policies

All of the alternative fuels and propulsion systems require quite some time before they will be able to
gain significant market shares. This is due to a number of reasons, such as:

o Research and development typically requires at least 10-15 years before it results in a marketable
product that can be produced at larger scales.

e Production capacity needs to be built.

e Light duty vehicles have an average lifetime of around 15 years, which means that about 7% of the
vehicle fleet is replaced annually. A new technology will first enter the market in small shares,
which gradually increase if successful. This means that it may take at least 5-10 years and
perhaps even several decades before a new technology can have replaced a significant share of
the conventional cars in the fleet.

e Policies need to be developed, decided on and implemented. This also typically takes several
years, especially on EU-level.
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Figure 56 A schematic road map that illustrates how an increasing EV market share can be achieved [CE Delft
2011]

To illustrate this, a typical development curve that can be expected for electric vehicles (EVs) is shown
in Figure 56. The market uptake will first be limited to innovators and pilot projects, to gain experience
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with the technology and provide feedback to the developers. If these projects are successful, EVs are
likely to first be taken up in specific market segments, for example in urban transport and distribution,
taxis, etc. At that time a regional scale charging infrastructure needs to be set up. As EV shares
increase, this will gradually expand on a national/EU scale. During this whole period of transition,
government policies should be adjusted to what is needed in each phase of the development.

The exact time scale is not indicated in this graph, as it depends on cost developments, success of
R&D, the effectiveness of government incentives, etc. From the above list it becomes clear, however,
that even in case of a successful development, this S-curve will take at least 25 years of development.

It can thus be concluded that as the aim is to have achieved significant shares of alternative cars and
fuels in the vehicle fleet in 2030 (see goal no. 1 of the White Paper for Transport [EC 2011]), there is a
clear need to promote their development and market uptake already in the coming years, and continue
this, at least until costs have become competitive.

7.3 Consequences for policy: building an effective
policy package

Effective policies should thus focus on achieving the right actions of all actors and stakeholders
involved, ensuring that:

e The necessary R&D investments and efforts are being made, covering all the new technologies
that are needed (i.e. fuels and energy carriers, vehicles and filling or charging infrastructure);

e The low-carbon vehicles are produced and marketed, at competitive prices;

e The production chains of the low carbon fuels and energy carriers are developed and
production and marketing is increased (at competitive prices);

o Sufficient filling and charging points are available to consumers, i.e. a network of filling or
charging stations is developed,;

e Consumers are interested to buy these vehicles and fuels/energy carriers.

The first four bullet points are related to ensuring supply, the last point to demand.

Furthermore, policies should be timely, and aligned with the development phase of the technologies at
hand.

As mentioned in the introduction of this chapter, the main EU policies directly related to the vehicle
GHG emissions regulations are the following:

e The EU ETS covers the CO, emissions of large-scale electricity generation and hydrogen
production which is mainly relevant for electric and hydrogen vehicles;

e The RED sets a target for renewable energy deployment, and thus provides incentives for biofuels,
electric and (to some extent) hydrogen vehicles;

e The FQD sets a target for the GHG intensity of energy carriers used in the transport sector, and
can thus provide incentives for low-carbon fossil fuels such as CNG and LNG, as well as for
biofuels, electric and (depending on the production route of the hydrogen) hydrogen vehicles.

When combining these three with the vehicle CO, emission regulation, the EU policy package can
cover part of the stakeholders involved in the transition to sustainable fuels. The stakeholders targeted
by various policy instruments and their potential contribution to the transition to vehicles running on
sustainable energy are listed in Table 19.
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Table 19  Stakeholders targeted by various policy instruments and their potential contribution to the transition to
vehicles running on sustainable energy

Polic Actors targeted Potential contribution to the transition to
y 9 sustainable fuels and alternative drive trains
Vehicle Car manufacturers Promote development and sales of cars that use low-
emission carbon energy sources.
regulation Super-credits further strengthen this effect, albeit
temporarily.
EU ETS Electricity producers Cap and reduce WTW CO2-emissions of electricity
and fuel producers used in EVs
RED Fuel suppliers and Increase production and use of energy carriers from
biofuels industry renewable energy sources (biofuels, electricity and
hydrogen). Define sustainability criteria that biofuels
have to meet.
Double counting of biofuels from waste further
promotes the use of these non-food biofuels.
FQD Fuel suppliers (and, Promote the use of low-carbon alternative energy
indirectly, biofuels sources, and define sustainability criteria that biofuels
industry) have to meet.

Important actors not directly targeted in this policy package are parties that develop and operate the
infrastructure for electricity and hydrogen, and consumers — these policies focus on vehicle
manufacturers and fuel/energy suppliers but do not drive the necessary changes further ‘downstream’,
i.e. at the supply side of these developments.

This can be addressed in future policies, or, alternatively, in Member State, regional or local policies.
Various EU countries already have policies in place aimed at this part of the transition:

o Fiscal measures (tax reductions), subsidies to promote the use of electric vehicles (and other
vehicles with low emissions) are examples where national or regional/local policies are targeting
consumers;

e Infrastructure developments, electric vehicle charging points, hydrogen filling points etc. are
subsidized in various countries or regions/cities;

e A range of other advantages are in place throughout the EU, for example via green public
procurement regulations, favourable treatment of specific technologies such as electric vehicles in
parking policies, exemptions for vehicles with new propulsion systems, pilot projects, etc.

On EU level, the European Commission has recently published a proposal for a directive on the
deployment of alternative fuels infrastructure (COM(2013) 18 /2), aiming to promote the development
and rollout of the infrastructure of alternative fuels and energy carriers.

In addition, the EU provides funding to a number of R&D projects in this field, for example for the
development of 2" generation bioethanol processes and for various hydrogen demonstration and
research projects. As was illustrated in Figure 56, this is typically a useful policy measure in the early
phases of development.

This EU policy package thus addresses most of the actors involved in the transition, where some
policies are already quite mature where others have only recently started to develop. Whether they are
also effective, however, is more difficult to answer. For example, the on-going debate regarding ILUC
in the sustainability criteria and GHG calculation tool significantly hampers the effectiveness of both
the RED and the FQD, and has not yet led to many investments in biofuels from waste and residues
production (except for some biodiesel production from used cooking oil). The EU ETS is still providing
limited incentives to reduce CO, emissions of electricity, as EUA prices have been relatively low so far.
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7.3.1 Specific benefits of combining other policies with vehicle emission
regulations

Vehicle emissions regulations only regulate the emissions per kilometre driven. They do not cover
overall emissions of these vehicles, as these also depend on other issues such as transport demand,
i.e. on the total kilometres driven. Other policies are in place that control these:

e Fiscal policies of Member States, especially excise duties on fuels and electricity

e The EU ETS includes the CO, emissions of electricity produced for EVs and refinery emissions
from the production of road fuels

e Other national policies such as road and congestion charging, spatial planning, etc.

In addition, as discussed extensively in this report, the current vehicle emission policies do not cover
the upstream (well-to-tank) emissions of the fuels and energy carriers used.

On the other hand, the vehicle emission policy can be an effective means to address issues that other
policies cannot address as effectively. The key benefit of this policy, compared to the others mentioned
above, is that it can specifically aim to make the most use of the potential CO, mitigation options that
require action by the car industry.

e Pricing policies such as vehicle and fuel taxes provide incentives to reduce fuel and energy use,
and to buy fuel efficient cars. However, most consumers do not take the full lifetime costs of the
vehicles they buy into account, so that they often do not realise that certain up-front investments in
fuel efficient cars are recovered during the lifetime of the cars. This type of market failure results in
the situation that consumers do not always chose the most cost-effective (also from an
environmental view) option (See [Naturvardsverket 2008] for a more detailed assessment of the
pros and cons of combining fuel efficiency regulation with emissions trading in transport).

e The ETS, RED and FQD do not address car manufacturers, or give them incentives to invest in
R&D for and production of new technologies for sustainable energy carriers. They will only do that
when they anticipate that consumer demand for these vehicles will increase in the future. The
impact of these policies on vehicle demand is, however, rather uncertain and probably very limited,
as the future CO, price in the ETS effect is uncertain, the RED only targets Member States and the
FQD is aimed at fuels suppliers and Member States®*.

e The ETS does not include life cycle CO, effects of energy carriers, but only includes end-of-pipe
emissions. Bioenergy is taken to be zero-emission. Upstream emissions are thus not included in
the CO, price, which will cause a bias towards energy sources that cause upstream emissions
rather than direct emissions. The FQD aims to address this issue as it uses well-to-wheel GHG
intensities. Some of the options for the vehicle emission regulation that are assessed in this study
can also address this issue.

Looking broader than the RED, FQD and ETS, this development may also require a range of other
supporting policies to speed up developments or prevent undesired impacts, for example the
development of charging standards, battery recycling regulations, etc..

Combining different policies can also resolve potential issues of split responsibilities and incentives.
Different actors are involved in the decarbonisation of transport, and all have their own circle of
influence, responsibility and expertise. For example, the vehicle emissions regulation only affects
vehicle manufacturers. If they sell more electric vehicles (EVs), they will get credits for the low GHG
emissions of these vehicles. However, a shift to electric vehicles also requires action (i.e. investments)
from potential providers of charging points and possibly battery swap stations, as availability of
charging points is a requirement for EV market uptake. These are typically the responsibility and
expertise of other industry sectors than the car industry. These split responsibilities may thus be a
good reason to combine emission regulation with policies that promote the necessary, related actions
in the other sectors.

As an example of split incentives, we can look at the benefits that low emission conventional (ICE)
cars provide. First of all, they can reduce CO, emissions, which benefits society as a whole (by

% The RED could encourage Member States to implement national policies to promote these new vehicle technologies, and thereby have an
indirect impact on that industry. This would, however be only indirect and somewhat uncertain (as national policies tend to change over time), and
it would not be a harmonized and coordinated approach within the EU.
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reducing climate change impacts) and reduces the CO, mitigation to be achieved in other sectors to
meet the overall CO, reduction goals. In addition, they provide financial benefits to car owners during
use (lower cost per km), and they reduce the potential impacts of an increasing oil price on the
economy. This example illustrates that whereas the car manufacturers may be faced with additional
costs and investments to develop and market more fuel efficient cars, other stakeholders may benefit.
Without a vehicle emission regulation, these benefits to others would not be considered by car
manufacturers in their decision whether or not to reduce the CO, emissions of their vehicles.

Therefore, one of the key benefits from combining other policies with vehicle emission regulations is
that it is difficult, if not impossible, to design one single policy that effectively promotes all different CO,
mitigation options in transport. Every policy has its own pros and cons, focusses on a specific set of
reduction options and is aimed at only part of the actors involved in the process. Only by combining
different policy options effectively can the full playing field be covered.

7.4 Conclusions

The CO, regulation for passenger cars is part of a broader package of climate-related policies in
transport. The EU-ETS, FQD and RED are the main EU-policies with which this regulation interacts.
The recent Commission proposal for a directive on the deployment of alternative fuels infrastructure
also has the potential to be an important addition to this package. On a national and even
regional/local policy level there is a relationship with vehicle and fuel taxation, and in some cases with
road charging, city access or parking policies.

Looking at the decarbonisation of transport, various reasons can be identified to have various related
policies in place, rather than one overarching policy or several separate, unrelated policy measures.
There are quite a number of stakeholders involved in this transition, and these all have to move
towards the same direction, in a coordinated way. Some actions, for example R&D of batteries for
electric or hybrid electric vehicles and biofuels production processes for woody biomass streams need
to be carried out first, before an option is mature enough for large scale market take-up. Car
manufacturers need to develop and market vehicles that run on these low-carbon energy carriers. The
power sector (or local governments) will need to provide charging points, oil companies need to put
new fuels on the market. Consumers will have to get used to the new technology. Governments (partly
EU, partly national) will have to develop the necessary technical standards, and provide effective
incentives to support these developments and a robust policy framework to provide the right boundary
conditions for the market.

Vehicle emissions regulations specifically target the car manufacturers, and can thus be an effective
means to drive developments in that sector and to make sure that efficient vehicles are offered.
Combining this with a range of other policies, directed at other stakeholders and promoting the longer-
term R&D efforts, can then make sure that required infrastructures are implemented in time and that
customer demand is stimulated, thus increasing the longer term effectiveness of the emission
regulations.
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8 Interaction between CO, regulation and
the FQD and EU-ETS

8.1 Introduction

As was discussed in chapter 0, the CO, regulation of cars is implemented in the context of a wider
policy package aimed at reducing GHG emissions of the EU Member States. Looking at this package,
there is some overlap between the current CO, regulation and the non-transport climate policies,
specifically the ETS, but this is mainly limited to electric vehicles and possibly hydrogen (depending on
the production method), and refinery emissions. All passenger cars contribute to the CO, reduction
target of cars, as well as to the CO, reduction target for transport fuels as defined in the Fuel Quality
Directive (FQD?) and to the renewable energy target for transport as defined in the Renewable Energy
Directive (RED26). In addition, a shift to electricity in transport will impact on the EU Emission Trading
System (ETS), as the electricity production is part of this system. As EV shares increase, effectively
part of the road transport emissions are transferred from a non-capped sector to a capped sector. The
share of electric cars is still very limited, but if it becomes significant in the future, the interaction
between these policies will increase as well.

If a well-to-wheel emission approach would be chosen in a future CO, regulation, it can be expected
that this interaction will increase further.

e The WTW emissions of fossil fuels are also regulated in the FQD. This means that the WTW
emissions of the fuels of conventional cars can be expected to reduce over time.

e The WTW emissions of centralised (i.e. large scale) electricity generation is covered in the ETS?.
The result is that the GHG intensity of the electricity used in transport is likely to reduce over time.

e The GHG emissions of hydrogen production for transport will also be covered by the ETS if this is
done at centralised production sites (using gas reforming), or if it is produced from electricity from
centralised power plants®.

¢ Renewable energy and other types of energy with low GHG emission intensity are incentivised in
the RED, the FQD and the ETS. If the CO2 regulation allows to take into account actual GHG
emissions of the fuels and energy carriers, this policy can provide an additional incentive to
renewable energy deployment.

Whereas chapter 0 discussed from a more top-down point of view how different policy instruments
might work together to promote the transition to more sustainable vehicles and energy carriers, in this
chapter the interactions between existing policy instruments will be discussed and assessed in further
detail. It is assumed here that the FQD, ETS and RED policies are all extended beyond 2020, in the
current form. It is not yet clear if this will indeed be the case, and any post-2020 targets are still
unknown. Nevertheless, the pros and cons of these policy interactions can be assessed, in a
qualitative way. The key issue of this analysis is whether the combination of the various regulatory
approaches for the CO, regulation with these policies would lead to undesired side effects or impacts,
or whether it will rather supplement and strengthen the existing regulations.

8.2 Interaction with the FQD (and RED)

The FQD and RED will affect the WTW CO, emissions of the fuels and energy carriers used in
transport: both the average and the emissions of the individual fuels and energy carriers are likely to
reduce over time due to these regulations, where some will reduce faster than others. This will impact
the well-to-wheel CO, emissions of cars, and therefore will interact with the CO, regulation, if a WTW
approach is implemented in the future.

Reverse impacts are also to be expected: if the CO, regulation results in increased shares of
alternative fuel vehicles, the average WTW GHG intensity of the fuels, regulated in the FQD, is

% DIRECTIVE 2009/30/EC, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0030:EN:NOT

% DIRECTIVE 2009/28/EC, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0028:en:NOT

z Strictly speaking, only the electricity production emissions are covered in the ETS, not the upstream emissions due to e.g. gas production or coal
mining. These are about 5% of production emissions in case of electricity from fossil sources.

% Small-scale, decentralised hydrogen production may not be part of the ETS, as it only covers larger industries and electricity production.
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affected — even in the current CO, regulation where GHG intensity is not taken into account. For
example, a shift from conventional to battery electric vehicles will cause a shift from diesel or petrol
(currently with an average GHG intensity of 88.3 gCO../MJ) to electricity. Electricity is currently
included as zero emission in the CO, regulation, but the European Commission’s FQD draft proposal
of October 2011 suggested that the actual WTW emission factors of the Member States are used in
the FQD. When these are lower than the values for conventional fuels, this shift will contribute to
meeting the CO, reduction target of the FQD.

This interaction is illustrated in Figure 57 below. This figure shows rough estimates of the reduction of
the WTW GHG intensity of transport fuels for increasing shares of battery electric vehicles, in 2030 in
the EU. Emission factors of fossil fuels and electricity are taken from section A.2, and it is assumed
that the energy efficiency of electric vehicles is about 2.5 times that of conventional vehicles. For
simplicity, we only look at full EVs here, i.e. not plug-in hybrid electric vehicles or EREVs — the effects
of these vehicles will be similar in general terms, but GHG intensity reductions will be less.

In Figure 57, the GHG intensity of fuels for the passenger car fleet is shown, for varying shares of
these EVs. As the emission factor of electric cars (per MJ) in 2030 is predicted to be about 35% of that
of fossil fuels, a 50% share of EVs would result in about 43% GHG reduction. The contribution of these
cars to the GHG intensity of all road transport fuels (for which the FQD target applies) is, however,
less. When we assume a share of about 52% of passenger cars in the total road transport energy use
in 2030, we get the results shown by the blue line in Figure 57: a 50% share of electric passenger cars
in the EU fleet would contribute to a reduced GHG intensity of energy for transport by about 22%.
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Figure 57 Potential impact of an increasing share of battery electric vehicles in the passenger car fleet on the
GHG intensity of the transport fuels for passenger cars and on the GHG intensity of all fuels for
road transport in 2030

Similar effects will occur with other fuels or energy carriers with low WTW emissions, such as
hydrogen from renewable energy or methane (CNG or LNG). If the CO, regulation causes a shift
towards vehicles that run on these energy sources, the WTW GHG intensity of transport fuels will
reduce. The lower the GHG emissions of the alternative energy carriers, the stronger this effect will be.

8.3 Interaction with the EU ETS

CO, that is emitted due to electricity production for use in electric vehicles will be part of the EU ETS.
This means that it is included under the emission cap of the ETS system and CO, emission
allowances have to be submitted for each ton of CO, emitted additionally as a result of the additional
electricity generation. As the emission cap reduces over time, this also means that the emissions of
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electricity production are likely to reduce over time®. Together with the renewable energy targets of
the RED, this can lead to the reduction trend of the CO, intensity of electricity production that is shown
in section A.2, Table 59.

In addition, the EU ETS may have an impact on the passenger cars market and the uptake of EVs, as
it adds a CO,-price to the electricity and thus increases electricity costs (it does the same to a lesser
degree to fuel costs). This increases the TCO of EVs, and makes them somewhat less competitive
with conventional vehicles. However, this effect is currently very small, as the price of an emission
allowance is relatively low (about 4-5 €/ton CO,, status June 2013%). The price of emission allowances
is predicted to increase in the future, but the decarbonisation scenarios of the Roadmap 2050 illustrate
that the electricity price will depend only partly on ETS price, next to cost of renewable energy and
CCsS, and high fuel prices [EC 2011]. To illustrate this: In the Baseline 2009 [EC 2010], the ETS
auction payments account for 9.4% of the average pre-tax electricity price. However, the more
investments in renewable energy, the less CO, allowances have to be bought. In the more recent
decarbonisation scenarios of the Energy Roadmap 2050 (EC, 2011), the impact of ETS allowances on
electricity prices remains limited, as significant efforts are put into decarbonisation of the sector. In all
these scenarios, the costs related to ETS auction payments decrease substantially after 2030 — in fact,
electricity prices are predicted to decrease after 2030 in all but one decarbonisation scenario.

Looking at these assessments, we conclude that the impact of the ETS on the TCO of electric cars
(and thus on the uptake of these cars) will be very limited. Decarbonisation measures may first
increase cost of electricity in the period until 2030, after which prices are expected to reduce again [CE
2011].

The potential impact of the CO, regulation on the ETS, however, could be quite significant, when
electricity demand from the sector increases and the ETS is not adapted to compensate for
electrification of transport. Once the electricity demand increases, the price of CO, emission
allowances will increase as the CO, emissions in the ETS are capped. This will have a positive effect
on implementation of CO, reducing measures — more costly measures will become competitive.
However, it may have a negative impact on the industries within the ETS, especially on those that
compete with industries outside the EU. This impact could be reduced by increasing the emission cap
(i.e. the number of allowances) accordingly (CE Delft, 2011). In the short to medium term, however,
the additional electricity demand from the transport sector is negligible and therefore also the impact
on the ETS and the price of emission allowances.

If the cap is not increased, the additional CO, emissions resulting from electricity production for electric
vehicles will have to be compensated by CO, reductions elsewhere in the ETS, or with JI or CDM
measures (assuming that these are effective, and continued after 2020). However, if the cap is
increased as a response to electrification of transport — a likely scenario for the future — and/or JI and
CDM are not fully effective, the upstream emissions of the electricity generation cannot be considered
to be zero (an assertion that is in any case debateable as discussed in section 3.3.1).

In addition, the CO, regulation could reduce the potential impact of transport electrification on the ETS
allowance price, if it increases energy efficiency of electric cars, and thus reduce the additional
electricity demand. This will be the case in the WTW CO,-based approach and the energy-based
approaches discussed in this report.

Whether or not the CO, regulation is adapted to a WTW GHG or energy-based approach does not
significantly affect these mechanisms, but some impacts can be identified. Firstly, the various
approaches explored in this report may lead to different shares of electric vehicles. In general, it can
be concluded that the larger the share of EVs, the more electricity will be used, and the more the
potential impact on the ETS will be. Secondly, as mentioned above, regulatory options that improve
the energy efficiency of the vehicles that drive on electricity will reduce this additional electricity
demand, and therefore the impacts on the ETS*".

% The reductions may also take place in other industries under the EU ETS or using mechanisms such as CDM and JIP, but is it generally
expected that the electricity sector will contribute significantly to these reductions.

0 Source: www.eex.com

% provided potential rebound effects are addressed, so that efficiency improvements do not lead to an increase of total car transport demand, see
chapter 13.
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8.4  Other policy interactions

Besides the EU policies described above, CO, regulation of passenger cars is also related to a number
of fiscal policies on EU and (especially) Member State level:

e passenger car taxation such as registration tax, circulation tax, road and congestion charging,
company and lease car taxation, etc.;
o fuel taxation.

In an increasing number of EU Member States vehicle taxes are directly related to the CO, emission of
cars as measured on the type approval test. This has proven to be an effective means to promote the
sales of more fuel efficient cars and to reduce national CO, emissions, and it is also a strong support
to the car industry’s efforts to meet the CO, targets set by the regulation. Implementing a well-to-wheel
approach to the CO, regulation and thus the type approval system will then also result in a WTW
approach of the vehicle taxation systems, assuming they will remain to be linked to the type approval
emissions. This can be expected to have a positive impact on CO, emissions, assuming that the
changes in the CO, reduction will lead to a more realistic representation and control of the of real-life,
well-to-wheel emissions of vehicles.

In some EU countries, fuel taxation is partly based on CO, emissions, but this is not yet a very
common approach. This might change in the coming years, however, as the European Commission
has issued a proposal which would oblige Member States to differentiate fuel excise duties to CO,
emissions, to some extent. The approach taken in that proposal would be in line with most of the
approaches studied in this report, as it would take WTW emissions into account, not just vehicle
emissions.

8.5 Double counting and double regulations

When designing a policy package, there is often some debate about whether it is justified and effective
to have a number of policy measures in place to regulate a specific part of the market. The issues
discussed are often related to two potential issues: double counting and double regulations.

The first issue is a concern that certain emissions (or emission reduction efforts) are counted towards
various goals and targets, and are thus ‘counted double’. For example, the emissions of electric cars
are already part of the EU ETS, and count towards the emissions of the electricity sector. In addition,
they are counted towards the FQD target for GHG emission reductions of transport fuels. Would it then
be fair to also count them in CO2 regulations for cars?

Double counting is an issue if this occurs in one regulation, or in a calculation methodology for one
single target. For example, care should be taken that the electric vehicle emissions and energy use
are not counted twice in national or EU emission and energy inventories. This could happen when they
are included in inventories for both the transport and the electricity sectors.

However, the EU ETS and the FQD targets are separate targets and policy measures, and all are
aimed at different goals and stakeholders. Therefore, there is no problem including these emissions in
all of them. As discussed earlier, in chapter 0, it can increase the effectiveness of this policy package if
all stakeholders are subject to related but separate policy measures, which all point towards the same
direction (in this case, decarbonisation of the transport sector and the overall energy system).

Double regulation can become an issue if specific stakeholders are faced with two related but different
policy measures and targets. An example would be the FQD target for fuel suppliers (a measure on
EU-level), in combination with a renewable energy or biofuels obligation for fuel suppliers (a policy
measure implemented by various EU Member States, in their aim to meet their RED target for
transport). These policy measures both relate to road transport fuels, and increasing the share of
renewable energy in their fuels will contribute to both targets. They also set the same minimum
sustainability criteria for biofuels to count towards these targets. However, both directives look at
different characteristics of the biofuels: the renewable energy or biofuel obligations sets effectively a
volume target (within the boundary conditions of the sustainability criteria), whereas the FQD also
takes WTW CO, emissions of the energy carriers into account. Furthermore, both directives use
different calculation methodologies as a basis, for example biofuels from waste and residues count
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double towards the RED target, but not towards the FQD target. This combination of two related but
different policies makes it quite complex for fuel suppliers to find the most cost effective way to meet
both obligations.

In this example it may, however, also be argued that both policies aim to contribute to two different
goals: one is to promote the use of renewable energy, the other is to reduce the WTW GHG emissions
of the fuel. These are both crucial parts of the decarbonisation efforts, linked but not the same. If only
one of these would be implemented, the other might not develop as much as needed to meet the
future goals of the sector.

It can thus be concluded that a WTW approach of the CO, regulation would not create risks regarding
double counting or double regulations, if the right boundary conditions are taken into account.

e A whole package of EU and national policies is in place that relate to and interact with the CO,
regulation. However, modifying the metrics of the regulation would affect car manufacturers only
and does not directly interact with other EU policies that affect this group of stakeholders. It may
increase the interaction between this policy and the ETS, FQD and RED, but as these have
separate targets it is not expected that this will create problematic double counting or double
regulation issues,

e Care should be taken, however, that in national and EU statistics, the well-to-tank emissions and
energy use of the transport fuels and energy carriers are not counted towards more than one
sector. For example, the emissions of power production for electric vehicles should not be counted
towards both the transport sector and the power production statistics. The same holds for the well-
to-tank emissions of petrol and diesel: these are typically also included in the emission data of
refineries, shipping, crude production, etc.

8.6 Conclusions

There is an interaction between the CO, regulation for cars and vans and other EU policies, and this
interaction is likely to increase if WTW emissions of the fuels and other energy carriers are to be
included in the regulation. Especially the FQD, RED and EU ETS are relevant policies in this respect.
First of all, these policies have an impact on the WTW emissions of the various energy carriers, as
they can be expected to reduce these emissions over time. In addition, the FQD and RED both provide
additional incentives for electric cars, although this impact is currently considered to be very limited.
The ETS may hamper the uptake of electric cars to some extent, as it adds a CO, price on electricity
production. If electricity demand of the transport sector increases, there is a risk that this will increase
the CO2-price if the emission cap of the ETS is not adapted accordingly. This impact is, however,
considered to be limited.

Alternatively the emission regulation will also impact these policies, as it may help to bring the vehicles
on the market that use low-carbon energy carriers such as electric cars. This will contribute to both the
FQD and the RED targets. It will also impact the ETS, as it may increase the price of CO, emission
allowances once the electricity demand increases, unless the ETS cap is increased accordingly over
time. In the short to medium term, these impacts are expected to remain very limited.

In addition, it is worth noting that if the metric in the vehicle regulation is changed, a number of national
policies can be adapted as well. For example, vehicle taxation is often based on the CO, emissions of
cars as measured during type approval. If these would be based on WTW emissions of the energy
carriers, their effectiveness would improve.

Regarding potential issues of double counting or double regulations, it is concluded that a WTW
approach of the CO, regulation would not create significant risks or negative side effects. This policy
would affect car manufacturers only and does not interact with other policies that affect this group of
stakeholders. Care should be taken, though, that in national and EU statistics, the well-to-tank
emissions and energy use of the transport fuels and energy carriers are not counted towards more
than one sector.
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9 Greenhouse gases to be included

9.1 Introduction

9.1.1 Objectives and aims of this chapter

The purpose of this chapter is to assess whether there is a need to include greenhouse gases (GHGSs)
other than CO, in the coverage of the regulatory approach. This assessment has been undertaken for
the different regulatory approaches.

A summary of the different regulatory approaches, described in chapter 2 and analysed in chapters 0
to 6 is given in Table 20.

Table 20 Summary of the different regulatory approaches considered in this project

Type of

General approach Details of variant

approach
a) Vehicle CO; emissions a.l Tailpipe CO; emissions as in existing
Regulation (= TTW CO; emissions)

a.2 Tailpipe CO; emissions for ICEVs with

exclusion of zero emission vehicles Regulatory

approach with
metric based on
CO; emissions

a.3 Tailpipe CO; emissions with notional GHG
intensity for zero emission vehicles

a.4 Tailpipe CO; emissions adjusted to take
account of WTW emissions (= WTW CO-

emissions)

b) Vehicle energy use b.1 Energy used by the vehicle per vehicle/km (= Regulatory
TTW energy Consumption) approach with
b.2 Energy use per vehicle/km adjusted for WTW | metric based on
consumption (WTW energy consumption) energy used

¢) Inclusion of road fuel use in EU Economic
ETS instrument

d) A vehicle manufacturer based trading scheme associated with a vehicle-based Regulatory
trading scheme based on lifetime target approach
vehicle GHG emissions

e) A cap and trade system for vehicle Regulatory
manufacturers, of total CO» approach
emissions of vehicles sold
(expressed in g/km)

f)  The possibility to include Regulatory
embedded emissions in the WTW approach
approaches listed above will also
be assessed

g) Combining different options with Regulatory
mileage weighting approach

Given the possible metrics above, this study considered for a range of different powertrain options and
energy carriers, the following types of greenhouse gas emissions:

e Tailpipe (i.e. tank-to-wheel, TTW) emissions of CO,
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o linked to energy consumption for vehicles with ICE, but not for those using external
electricity (BEV, PHEYV, etc.) or non-hydrocarbon fuels (e.g. FCEV)
e Tailpipe (i.e. TTW) emissions of other GHG gases
e Upstream (i.e. well-to-tank, WTT) GHG emissions
o which, when combined with TTW emissions, give the well to wheel (WTW) emissions
o linked to energy consumption for all vehicles.

Coolants used in mobile air conditioners (MACSs) are also powerful greenhouse gases. These are
excluded here as they are not directly related to the propulsion of the vehicle and are covered by
existing regulation®.

9.1.2 Delimitations

The undertaking of a life cycle assessment (LCA) to calculate the greenhouse gases emitted by a
vehicle when it is driven, is a vast technical area. Much research into LCA has been completed and
published, and more is continuing. Hence there are a considerable number of relevant authoritative
papers in the public domain. This study draws on these to undertake the assessment defined in the
study’s objective, rather than to undertake further original LCA research.

9.1.3 Structure of this chapter
Following this introductory section the chapter is structured to address:

¢ the overall methodology, and the IPCC guidance on the preparation of GHG inventories from road
transport;

the scope of the study, in terms of the range of powertrains and energy carriers to be considered,;
the tank-to-wheel (TTW) GHG emissions for different powertrains and energy carriers;

the well-to-tank (WTT) GHG emissions for different powertrains and energy carriers;

the well-to-wheel (WTW) GHG emissions for new technologies, and

then provides some conclusions and recommendations.

9.2 Approach

9.21 Overall methodology

The opening paragraph of EU Regulation 510/2011, and the second paragraph of EC Regulation
443/2009 sets the context for the emissions performance standards by stating: “The United Nations
Framework Convention on Climate Change seeks to stabilise greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate
system.”

The use of light duty vehicles generates greenhouse gases. These can be quantified using a whole life
cycle assessment. For fossil fuels this involves the extraction, refining, distribution and end use of the
petroleum products. For other energy carriers there are analogous whole life cycle assessments. This
whole life assessment is often referred to as the Well-to-Wheel (WTW) life cycle. For vehicles this can
be divided into the Well-to-Tank (WTT) component (comprising the extraction, refining and distribution
for fossil fuels) and the Tank-to-Wheel (TTW) component (comprising the tailpipe emissions). The
current light duty vehicle regulations only relate to the Tank-to-Wheel CO, emissions. In this section
we assess whether this focus on CO, only will remain appropriate after 2020, when additional
powertrains and energy carriers become more important in the fleet in addition to the current
dominance of fossil fuelled internal combustion engines and when the metric could possibly be
changed from Tank-to-Wheel to Well-to-Wheel.

9.2.2 IPCC definitions of GHG and their global warming potential

The IPCC summarise the long-lived greenhouse gases (LLGHGSs), and their current concentrations, as
shown in Table 21%.

2 MAC Directive 2006/40/EC and further regulation in preparation.
3 Copied directly from Table 2.1 of IPCC Fourth Assessment report on Climate Change 2007 (AR4) Chapter 2, available from
http://www.ipcc.ch/pdf/assessment-report/ar4/wgl/ar4-wgl-chapter2.pdf
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The same quantity (mass) of different greenhouse gases leads to different amounts of global warming
(or different climate forcing). This is related to the relative amounts of radiation that they absorb,
reflect and/or radiate back from the earth’s surface, and the period of time over which this typically
occurs. For example, for road transport two of the greenhouse gases emitted by vehicles are methane
and CO,. Methane absorbs more radiation than CO,. However, methane also reacts in the
atmosphere, being oxidised to CO, and water vapour, whereas CO, does not react, though it is
involved in the carbon cycle which sustains life on earth. Consequently, the relative impact of a
guantity of methane when assessed over a short period of time is greater than its longer term impact,
because its concentration diminishes. The IPCC recommendation on the appropriate methodology to
use when comparing different greenhouse gases is to use their global warming potential (GWP)
relative to CO,, when assessed over 100 years. Some key GWPs are given in Table 22.

Table 21  Summary of IPCC listed LLGHGs with their present day concentrations and radiative forcing
parameters (at the given 2005 concentration levels)

COy 378 = 065 ppm +13 ppm 1.66 +13
CH, 1,774 + 1.8 ppb +11 ppb 048

[ ) 318 £ 0.12 ppb +5 ppb D16 +11

ppt pet

CFC-11 251 = 038 -13 0063 -5
CFC-12 B3 + 0.18 +4 A7 +1
CFC-113 78 = 0.064 -4 0024 -5
HCFC-22 168 1.0 +38 0033 +29
HCFC-141b 1B = 0068 +4 00025 +93
HCFC-142b 15013 +0 00031 +57
CHCCly 10 £ 0.47 A7 00011 -T2
CCl, 93 £ 047 -7 ooz -7
HFC-125 T =010 +2.6! 00009 +234
HFC-134a 35073 +27 0.0055 +349
HFC-152a 38011 +2.41 00004 +151
HFC-23 1B = 01230 +4 00033 +29
5F; 5.6 = 0.038 +1.5 00029 +36
CF, (PFC-14) 418 - 00034 -
CyFs [PFC-116) 28 & D025z +0.5 00008 +22

Table 22  Lifetimes and direct global warming potentials (GWPs) relative to CO; for important GHGs for

transport®*
Species Chemical formula Lifetime (years) 100-yr global warming
potential
Carbon dioxide CO» Complex function® 1 (by definition)
Methane CH4 12 25
Nitrous oxide N2O 114 298

% Taken from Table 2.14 of IPCC Fourth Assessment report on Climate Change 2007 (AR4) Chapter 2, available from
http://www.ipcc.ch/pdf/assessment-report/ar4/wgl/ar4-wgl-chapter2.pdf
% Note a to this table in the IPCC guidebook states:
a The CO, response function used in this report is based on the revised version of the Bern Carbon cycle model used in Chapter 10 of this report (Bern2.5CC; Joos et
al. 2001) using a background CO, concentration value of 378 ppm. The decay of a pulse of CO, with time t is given by
3
a°+;§ a.eUm

Where a; = 0.217, a; = 0.259, a, = 0.338, a; = 0.186, v, = 172.9 years, 1; = 18.51 years, and t; = 1.186 years.
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The GWP compares GHGs by mass, such that from the table above 1 kg of methane is equivalent to
25 kg of carbon dioxide, and 1 kg of nitrous oxide is equivalent to 298 kg of carbon dioxide.

9.2.3 GHGs important for road transport

The 2006 IPCC guidelines for the preparation of national greenhouse gas inventories from the
combustion of fuels for mobile applications are given in Chapter 3 of Volume 2 (Energy)®*. The
opening sentence of the overview is: “Mobile sources produce direct greenhouse gas emissions of
carbon dioxide (CO,), methane (CH,;) and nitrous oxide (N,O) from the combustion of various fuel
types, as well as several other pollutants such as carbon monoxide (CO), Non-Methane Volatile
Organic Compounds (NMVOCSs), sulphur dioxide (SO,), particulate matter (PM) and oxides of nitrate
(NOx), which cause or contribute to local or regional air pollution.” It also comments, in the opening
paragraph: “This chapter does not address non-energy emissions from mobile air conditioning, which
is covered by the IPPU Volume (Volume 3, Chapter 7).”

The IPCC methodologies for calculating the CO,, CH, and N,O emissions cover only the tank-to-
wheel contribution from analysis of the tailpipe emissions. However, this does not mean that the
well-to-tank contribution is omitted from national inventories. These emissions are included in the
various appropriate industrial and other sectors, for example in petroleum extraction and refining, or in
electricity production. The emissions caused by the delivery of petroleum products is accounted for in
the mobile transport section of the inventory.

9.3 Scope of this study
9.3.1 Species included

From the IPCC guidelines discussed in Section 9.2.3 the three GHGs focused on in this study are:

e carbon dioxide (CO,)
¢ methane (CH,4) and
¢ nitrous oxide (N,O).

Recent research is uncovering the importance of “black carbon” to climate change. This is also known
as soot, or elemental carbon. There are two different mechanisms, one involving direct absorption of
radiation by aerosol black carbon, and the other involving the change in albedo of snow and ice, which
is particularly important for polar-regions. Vehicles are a significant source of black carbon emissions.
The principal objective of this task is to consider greenhouse gases to be included and the
methodology principally assesses the current IPPC guidelines for quantifying GHG emissions from
road vehicles. At present this does not include black carbon. It is therefore suggested that whilst this is
an important species that potentially could be included, until either it is included in GHG inventories or
there is a consensus methodology developing regarding its inclusion, it is not considered as a climate
forcing emission from vehicles that should be regulated at the current time.

Emissions of GHG compounds used in mobile air conditioning (MAC) are not covered. This is not
because these are deemed unimportant but because currently it is not expected that changes to the
mix of powertrain / primary energy carrier technologies used by vehicles post 2020, will affect the types
of MAC systems used. Consequently, it is expected that the GHG emissions from MAC systems will
evolve, irrespective of the powertrains/energy carriers of the future, and, as mentioned above they are
covered by a different piece of legislation.

9.3.2 Range of powertrains included
This study involves assessing the GHG emissions for different powertrains. Those considered are:

e Conventional ICE vehicles
e Hybrid ICE vehicles, including two main classes
o charge sustaining hybrids

% Chapter 3 of Volume 2 (Energy) of 2006 IPCC Guidelines for National GHG Inventories is available from: http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_3_Ch3_Mobile_Combustion.pdf
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o plug-in electric hybrid vehicles (PHEV) and extended range electric vehicles (EREV)
e Full electric vehicles
e Fuel cell vehicles

In practice there will be a number of additional powertrain developments in various of these categories,
specifically including improved ICE efficiency caused by any one of a number of advanced
technologies. However, the GHG emissions from these are generally covered within the four
powertrain types listed above The only exception to this generality is where “improvements” in ICE
efficiency (which can be viewed as a reduction in fuel consumption for the same mobility) lead to a
different ratio of CO,, N,O, and CH, tailpipe emissions. This possibility is covered in Section 9.6.

9.3.3 Different energy carriers included
This study assesses the GHG emissions for the following energy carriers:

e Mainstream fossil fuels, petrol and diesel
e Alternative fossil fuels: LPG and natural gas as CNG or LNG

e Biofuels
o Electricity
e Hydrogen

In Section 9.2 it was noted that the current inventory methodologies for “mobile combustion” calculate
the direct emissions of CO,, CH,; and N,O emissions for the tank-to-wheel emissions. To provide a
guantification of the life-cycle GHG impact of different types of vehicles this study will also consider the
emissions arising before the energy carrier reaches the vehicle, the well-to-tank emissions. This
provides an assessment of the consequences of only including the TTW CO, emissions in the
coverage of the regulatory approach.

9.4 Tank to wheel (TTW) GHG emissions for different
powertrains and energy carriers

The current regulatory metric for assessing the GHG emissions from light duty vehicles is the tank-to-
wheel (TTW) CO, emissions from the vehicle. The principal focus of this section is to quantify the
emissions of all GHGs that the IPCC guidelines say should be included, for the range of powertrains
and energy carriers considered, and to assess whether there is a need to include the GHG other than
CO, in the coverage of the regulatory approach. This assessment will be based on the ratio of the total
GHG emissions (expressed in CO, equivalents) divided by the CO, emissions.

94.1 Mainstream fossil fuels: petrol and diesel, LPG and natural gas as CNG or
LNG used in ICEVs

The methodology specified by the IPCC in their “Guidelines for national GHG inventories” for CO,,
assumes the quantitative conversion of fuel to CO,. Hence its quantification requires the measurement
of the fuel consumed. Alternatively, the CO, + CO + hydrocarbons can be quantified and all converted
into the equivalent CO, emissions.

For calculating the CH, and N,O emissions different methodologies are specified. These are to use
either a fuel based (known as Tier 1) or a technology stratified (known as Tier 2) methodology.

The Tier 1 approach requires knowledge of the total fuel used. Emission factors, expressed in terms of
mass of GHG species per TJ (1012 J) fuel used enable the emissions of GHGs to be calculated from
the total fuel used. Emission factors are given in the IPCC handbook for gasoline, diesel, LPG and
natural gas (methane) fuels when used in “average” ICEs*’. Whilst this is not helpful to those compiling
inventories from vehicle km data, the relative values, when combined with the GWP of each species,
do enable the relative importance of the three species to be assessed. These data are summarised in
Table 23.

" See Table 3.2.1 of Chapter 3 of Volume 2 (Energy) of 2006 IPCC Guidelines for National GHG Inventories.
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Table 23  IPCC Tier 1 emission factors for the three important GHGs from transport, their sum and ratio relative
to the CO; emissions

Emission factors Emission factors for CHy
(from IPCC guidelines) and N2O as CO;
] ~__equivalents

Total COze

Fuel CO, CHq4 N.O CHg4 N,O TOTAL COze emissions /
ka/TJ ka/TJ kg/TJ kg CO2e/TJ kg CO»e/TJ kg/TJ CO;

emissions
Gasoline 69,300 25 8 625 2,384 72,309 104.34%
Diesel 74,100 3.9 3.9 97.5 1,162.2 75,360 101.70%
LPG 63,100 62 0.2 1,550 59.6 64,710 102.55%
CNG & LNG 56,100 92 3 2,300 894 59,294 105.69%

The Tier 2 emission factors for CH; and N,O are given for the same fuels, but with values being
specified for urban, rural and highway driving, and for vehicles built to meet pre-Euro, Euro 1, 2, 3 and
4 emission standards. Hence, the average emission factors used in the Tier 1 methodology are
disaggregated according to type of driving and vehicle technology. In addition, different values are
provided for cold and hot start urban drivingSS. The weighted average emission factors for this study
were calculated using:

Average emissions = 10% cold start ECE value + 30% hot start ECE value + 60% EUDC value

This was chosen as being a moderately accurate proxy for the NEDC regulatory cycle. The
composition of the NEDC is approximately 4 km urban driving, the ECE cycle, and 7 km rural driving,
the EUDC cycle. Also, the average trip length is taken as around 10km for the UK inventory, i.e. one
cold start occurs around every 10 km driven.

Data for the emissions of nitrous oxide and methane for gasoline passenger cars built to comply with
five different emissions standards, for the four drive cycles are given in Table 24.

Table 24  IPCC Tier 2 emission factors for N,O and CH, for gasoline fuelled passenger cars meeting different
emission standards, when driven over different drive cycles

Nitrous oxide (N2O) emissions in mg/km Methane (CH4) emissions in mg/km
vehicle Cold Cold
emissions Hot ECE Rural Highway Hot ECE Rural Highway
ECE ECE
standard
pre-Euro 10 10 6.5 6.5 201 131 86 41
Euro 1 38 22 17 8 45 26 16 14
Euro 2 24 11 45 25 94 17 13 11
Euro 3 12 3 2 15 83 3 2 4
Euro 4 6 2 0.8 0.7 57 2 2 0

From these, using the weighted average calculation given above, the GWP of Table 22 and the
methodology illustrated in Table 23, the emissions can be calculated, expressed as CO, equivalents. If
the estimated CO, emissions are 130 g CO,/km for these gasoline vehicles, then these other GHG
emissions can be expressed as a ratio to the CO, emissions. The 130 gCO,/km in this example was
chosen as this is the 2015 EC target for passenger cars. This is shown in Table 25.

% See Table 3.2.5 of Chapter 3 of Volume 2 (Energy) of 2006 IPCC Guidelines for National GHG Inventories.
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Table 25 GHG emissions calculated from IPCC Tier 2 emission factors of N,O and CH4 emitted from gasoline
fuelled passenger cars meeting different emission standards, and the ratio of these to the CO»

emissions

Vehicle Weighted avg Weighted avg N20 + CHy4 Estimated CO; Ratio of
emissions N2O emissions | CH4 emissions emissions emissions (N20+CHy)/CO;
standard (mg/km) (mg/km) gCOze/km gCOze/km emissions
pre-Euro 7.9 111 5.13 130 3.95%
Euro 1 20.6 21.9 6.69 130 5.14%
Euro 2 8.4 22.3 3.06 130 2.35%
Euro 3 3.3 10.4 1.24 130 0.96%
Euro 4 1.68 7.5 0.69 130 0.53%

From the table, as anticipated, the ratio of the non-CO, GHG emissions to the CO, emissions is found
to be technology dependent. However, what is also noticeable is that the emissions of the two key
compounds reduce with less polluting (higher Euro standard) vehicles. Since any future GHG
regulations will apply only to new vehicles, the key relevant data are for Euro 3 and 4 standard
vehicles, rather than the historical fleet. For modern gasoline passenger cars Table 25 shows that the
contributions from N,O and methane to overall TTW GHG emission are less than 1%.

This methodology was used to calculate the emissions of N,O and CH, for Euro 3 and 4 vehicles
(expressed as CO,e) for different fuels, and the ratio of this relative to the CO, These are given in
Table 26. Emission factors for natural gas (methane) fuelled light duty vehicles are not given in the
IPCC Tier 2 emission factor tables.

Table 26 GHG emissions calculated from IPCC Tier 2 emission factors for N2O and CH4 for vehicles meeting
Euro 3 & 4 emission standards, and the ratio of this to the CO, emissions

Euro 3 Euro 4

Estimated CO;

Ratio of

(N20+CH,)/CO;
emissions

N2O + CHga
emissions
gCOze/km

N2O + CH4
emissions
gCOze/km

Ratio of
(N20+CH,)/CO;
emissions

emissions
gCO.e/km

Fuel - vehicle

Gasoline cars 130 1.24 0.96% 0.69 0.53%
Diesel cars 120 2.01 1.67% 1.97 1.64%
LPG cars 120 2.40 2.00% 2.40 2.00%
Gasoline vans 190 2.01 1.06% 2.01 1.06%
Diesel vans 190 2.01 1.06% 1.97 1.04%

In addition to the Tier 2 methodology described in the IPCC guidelines for national inventories, another
often used methodology is yet more sophisticated, and is known as a Tier 3 approach. This uses
vehicle-km data, disaggregated by road type and vehicle type and emissions standard. Whereas the
Tier 2 methodology used an average emission factor per road type, for example in units of mg CH,/km,
the Tier 3 methodology uses emission factors that are expressed as a function of speed.

Within Europe the calculation tool used most often to compile inventories is known as COPERT 4 (4
being the current version number). This software tool calculates air pollutant and greenhouse gas
emissions from road transport. Its development is coordinated by the European Environment Agency.
It was last updated in January 2009, and its methodology is totally consistent with that described in the
2006 revision of the IPCC guidelines for national inventories. However, it does draw on a wider range
of databases, and it the most contemporary and sophisticated general GHG inventory tool available.
Its predictions of the methane and nitrous oxide (GHG) emissions, relative to CO, emissions, were
evaluated to see if they differed markedly from the Tier 2 data above.
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Table 27 GHG emissions calculated using COPERT 4 model to calculate emissions of N,O and CHs for
vehicles meeting Euro 3 & 4 emission standards, and the ratio of this to the CO, emissions

| Euro 3 Euro 4
Estimated Ratio of Estimated Ratio of
. CO, N,O + CHa (N20+CH4)/ CO, N,O + CHg4 (N20+CH4)/

Fuel - vehicle e S N T

emissions emissions CO; emissions emissions CO;

gCOze/km gCOze/km emissions gCOze/km gCO.e/km emissions
Gasoline cars 191 0.68 0.35% 204 0.56 0.27%
Diesel cars 181 2.01 1.11% 181 1.98 1.09%
LPG cars 120 1.33 1.10% 120 1.33 1.10%
Gasoline vans 336 1.46 0.44% 336 0.59 0.18%
Diesel vans 239 2.01 0.84% 239 1.98 0.83%

These data do show systematic differences from the data in Table 26 in the following respects:

e The sum of the emissions of N,O and CH, from gasoline and LPG fuelled vehicles when
calculated by the COPERT 4 methodology is less than that calculated using the IPCC Tier 2
methodology by around two thirds;

e The sum of the emissions of N,O and CH, from diesel vehicles when calculated by the COPERT 4
methodology is virtually identical to that obtained when calculated using the IPCC Tier 2
methodology;

e The CO, emitted, and hence fuel consumed, when calculated by the COPERT 4 methodology is
around 40% higher to that obtained when calculated using the IPCC Tier 2 methodology.

Furthermore it should be noted that the CO, emission value for LPG, as calculated above, is
unrealistically low. For equivalent petrol and LPG vehicles one expects the CO, emissions of the LPG
variant to be 10% lower at best due to the lower C/H ratio of the fuel.

These factors combine to make the ratio of the non-CO, greenhouse gas emissions to the CO,
greenhouse gas emissions calculated by the COPERT 4 methodology around 60% of those calculated
by the IPCC Tier 2 methodology. For gasoline and diesel cars and vans, and LPG cars (5 fuel —
vehicle type combinations) the average of the non-CO, GHG / CO, emissions ratio for Euro 4 vehicles
is 0.7% from the COPERT 4 methodology and 1.25% from the IPCC methodology.

9.4.2 Use of biofuels in ICE powertrains

As for fossil fuels, the principles for assessing GHG emissions from biofuels are laid down by the
IPCC. However, the methodologies for the accounting of GHG emissions from the use of biofuels differ
from those for fossil fuels. In summary, biofuels are categorised as biogenic carbon sources, but their
production as an anthropogenic activity. Consequently, tailpipe CO, emissions from the combustion of
biofuels in mobile combustion are not included in national totals. However, the combustion of biofuels
in mobile combustion does produce anthropogenic N,O and CH, tailpipe emissions. These are
included in the inventory for mobile combustion. This is summarised in the table below.

Table 28 The GHG emissions included in the inventory for the production of, and subsequent use of, biofuels
(from IPCC guidelines)

Activity ‘ Relevant IPCC Guidelines CO2 CHa4 N2O
Crop production growing, and | Volume 4 Agriculture, forestry
fuel production and other land use, and v v v

(Well-to-Tank portion of WTW) | Volume 3 Industrial processes

Biofuel use in vehicles
(Tank-to-wheel portion of
WTW)

Volume 2 Energy, Chapter 3
Mobile combustion

In terms of emission factors, to first approximation the emissions of N,O and CH, from vehicles using
biofuels can be taken to be the same as when running on fossil fuels. These factors are given in Table
26 and Table 27.
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9.4.3 Hybrids

The addition of hybrid technology improves the overall fuel efficiency of the vehicle, though by an
amount that is drive cycle dependent. To a first approximation it can be assumed that the tailpipe
emissions of N,O and CH,; from hybrid vehicles scale with the fuel usage and CO, emissions.
Consequently, the contribution of non-CO, species to the GHG footprint, as a proportion of the CO,
emissions remains unaltered by the use of hybrid technology.

944 Electric vehicles

The tank-to-wheel emissions from electric vehicles are zero — there being no tailpipe emissions. This
applies to all three GHG gases, CO,, N,O and CH,. Therefore, there is no need to include the TTW
emission of non-CO, greenhouse gases in the coverage of the regulatory approach for electric
vehicles. The impact of including well-to-tank emissions is discussed in the next section.

9.4.5 Hydrogen fuel cell vehicles

The absence of carbon in the hydrogen fuel leads to there being no CO, or CH, emissions from
vehicles using hydrogen fuel cells. An assessment by CONCAWE, EUCAR and EC JRC [JEC 2011]
says there are no N,O emissions either®®. Therefore, as for electric vehicles, there is no need to
include the TTW emission of non-CO, greenhouse gases in the coverage of the regulatory approach
for vehicles with a hydrogen fuel cell power source.

This would not apply to fuel cell vehicles running on hydrocarbons, e.g. methanol, by using an on-
board reformer or direct reforming in the fuel cell. Currently however, such systems are not foreseen
for passenger cars and vans.

9.4.6 Plug-in hybrid and extended range electric vehicles

Both plug-in hybrid electric vehicles and extended range electric vehicles use two energy carriers, a
fuel for their ICEs and electricity from the grid. From Sections 9.4.1 and 9.4.4 it is seen that these have
very different TTW GHG (and CO,) emissions (typically around 80 — 150 g/km for ICE driving and O
g/km for electric driving). The emissions from PHEVs and EREVs depend on the proportions of their
use that are powered by these two different energy carriers. To a first approximation their TTW GHG
emissions will be a weighted average of these. However, since the TTW GHG emissions from the EV
portion is zero, this reduces to the following equations for the emissions of CH, and N,O:

TTW GHG emissions (PHEV or EREV) = amount of carbon liquid fuel consumed x
appropriate emission factor per unit fuel

or equivalently

TTW GHG emissions (PHEV or EREV) = amount of CO, emitted x
appropriate emission factor per unit CO,

The appropriate emission factors can be derived from those of comparable ICEVs, by dividing their
CH,4 and N,O emission factors by the fuel consumption per km or the CO, emission per km.

There may be some very small, subtle deviation from this because extended range EVs tend to only
use a restricted region of the engine speed/power map relative to that used for a standard ICE
powered vehicle. Therefore whilst the CO, emissions remain correctly accounted for from knowledge
of the amount of carbon liquid fuel consumed, the same may not be true for the N,O and CH,
emissions. However, because these are such a small proportion of the whole GHG emissions these
subtle deviations are unlikely to be significant.

% Well to wheels analysis of future automotive fuels and powertrains in the European context, CONCAWE EUCAR and EC JRC, Tank to Wheels
report (Version 3) October 2008, Table 5.3.5-1 (p36/43)
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9.4.7

The GHG TTW emissions for different power train options, and different energy carriers have been is
assessed for the direct CO,, N,O CH, tailpipe emissions. These are summarised in Table 29 and
shown diagrammatically in Figure 58. The source of the key emissions data are also given.

Summary

Table 29  Tank-to-wheel CO, and non-CO, GHG emissions (and their ratio) for different powertrains and energy

carriers according to IPCC guidelines

Assumed CO,
emissions /km

gCOy/km

Resulting N2O +
CH, emissions
gCOze/lkm

Ratio of NoO +

CH4 emissions
(COze) / CO,

Details

Conventional ICE and hybrid ICE power trains
Petrol 130 (Note 1) 0.82 (Note 2) 0.63% Table 27
Diesel 120 (Note 1) 2.00 (Note 2) 1.67% Table 27
LPG 120 (Note 1) 1.33 (Note 2) 1.11% Table 27
Methane as CNG or
108 (Note 1) 6.16 (Note 3) 5.7%
LNG
Petrol & electricity
. 50 (Note 4) 0.32 (Note 4) 0.63%
in PHEV/EREV
Bioethanol 0 0.82 (Note 5) N/A From petrol ICE
Biodiesel 0 2.00 (Note 5) N/A From diesel ICE
Biomethane 0 6.16 N/A From methane ICE
Full electric vehicles and fuel cell vehicles
Electricity 0 0 N/A Section 9.4.4
Hydrogen 0 0 N/A Section 9.4.5
Note 1 Taken as a representative value for the current passenger car fleet
Note 2 Average for vehicles meeting Euro 3 and 4 emission standards as calculated from COPERT 4 methodology
Note 3 From IPCC Tier 1
Note 4 Scaled Petrol emissions
Note 5 Same as for the fossil fuel the biofuel is replacing

The key findings from this study are:

e generally the emissions of both methane and nitrous oxide (expressed as CO, equivalents to take
account of their higher global warming potential) are small, <2%.

e These emissions are technology dependent, and have reduced together with other pollutants for
vehicles built to meet successive Euro standards.

Other important factors are:

e Any new GHG regulatory standards would not be introduced until after the Euro 6 standards are in
place, and the emissions of non-CO, GHGs are most probably going to reduce further, rather than
increase.

e Currently, type approval Euro 5/6 legislation contains THC and non-methane HC (NMHC) limits for
all vehicles, and methane emissions are measured on all vehicles during the Type | test. The Euro
6 limit for THC is 100 mg/km. Since they emit very littte NMHC this could be close to 100 mg/km
methane, i.e. 2.5 g/km CO, equivalents, which is 2.6% of the 95 g/km CO, total 2020 target.
Therefore exhaust methane emissions could easily be incorporated in the TTW GHG emissions as
part of any post 2020 regulation.

e There is currently not a type approval test protocol for nitrous oxide, and often it is not measured.
Consequently, any change to regulate N,O emissions using vehicle test data would require further
measurements to be taken.
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Figure 58 TTW GHG emissions for a range of energy carriers

The two exceptions to this are:

e For vehicles using methane as a fuel, the higher GWP of methane relative to CO, (25 relative to 1)
and the potential high emissions of methane lead to these vehicles having higher than average
non-CO, GHG emissions;

e For pure biofuels where the tank-to-wheel CO, emissions are deemed biogenic, and set at zero,
the small amount of non-CO, species emitted is the only contribution to tank-to-wheel GHG
emissions according to IPCC definitions. Under the existing CO, legislation direct emissions from
combustion of biofuel (as (part of the) reference fuel used in the type approval test) are counted
and are of the same order of magnitude as those when tested on 100% fossil fuel.

9.5 Well to tank (WTT) GHG emissions for different
energy carriers

The current regulatory metric for assessing the GHG emissions from light duty vehicles is the TTW
CO, emissions from the vehicle. An alternative metric could be based on WTW GHG emissions.
Because the driving principal behind the light duty vehicle CO, regulations is the stabilisation of GHG
emissions, a regulatory approach based on WTW emissions, would be more directly related to the
vehicle’s in use GHG footprint.

The WTW GHG emissions can be expressed as:

well-to-wheel (WTW) GHG emissions = well-to-tank (WTT) GHG emissions +
tank-to-wheel (TTW) GHG emissions

The previous section of this chapter focussed on TTW emissions for the range of powertrains and
energy carriers considered. Therefore, to quantify the WTW emissions, the focus of this section is on
the WTT GHG emissions.

Quantification of the well-to-tank emissions for different energy carriers is a complex subject. It will
vary from energy carrier to energy carrier, and depends on the detailed production route for a given
energy carrier. It is the subject of a large amount of other EC funded research. For example, the GHG
emissions arising from the relatively straight forward step of extracting a tonne of petroleum varies by
more than a factor of 5 because of:

e the location of the well (land, shallow water or deep sea wells);
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e the amount of flaring that is associated with the extraction well;
o fugitive emissions from the well (often of methane, which has a 100 year GWP of 25 relative to
COy,).

It is already common usage to include all GHGs in inventories of WTT and WTW emissions of energy
carriers. The purpose of this section is to obtain authoritative data for the WTT GHG emissions that
complement the TTW GHG emissions summarised in Table 29 of section 9.4.6.

The primary source of information reported here is the on-going “Well to wheels analysis of future
automotive fuels and powertrains in the European Context” study, being undertaken by CONCAWE,
EUCAR and EC JRC [JRC 2011]. The latest version of this study was published on the JRC EC
Europa website on 27" October 2011, and is Version 3*.

It should also be noted that WTT GHG emissions are relevant to the production of the fuel, not the
efficiency with which it is used. Consequently, in this chapter only the different energy carriers are
considered, not the different power train options.

9.5.1 Mainstream fossil fuels: petrol and diesel, LPG and natural gas as CNG or
LNG

The CONCAWE, EUCAR and EC JRC report contains the detailed energy and GHG balances of a
large number of fuel pathways. It focuses on total energy expended (MJ,), i.e. all the energy,
regardless of its origin, that needs to be used to produce the desired fuel, after discounting the energy
content of the fuel itself. The unit used is

MJ,/MJ; = MJ expended total energy per MJ finished fuel (LHV basis)

For example a figure of 0.5 means that making the fuel requires 50% of the energy that it can produce
when burned. This total energy figure gives a truly comparable picture of the various pathways in
terms of their ability to use energy efficiently. The data given below is taken from Appendix 2 of the
WTT Version 3 report.

Table 30 The GHG emissions included in the WTT chain of conventional / fossil fuels [JEC 2011]

WTT

Pathwa energy WTT Reference in

y Pathway expended GHG GHG breakdown into ~ Appendix 2 of WWT

code MJIwrt/MJ¢ gCO.e/MJ¢ components v3 report

Crude oil to o
gasoline COG1 0.17 14.2 100% CO2 App2, p10 (402/545)
Crude oil to diesel COD1 0.19 15.9 100% CO2 App2, pl0 (402/545)
Gas field
condensate to LRLP1 0.12 8.0 94% CO2, 6% CH4
LPG
Natural gas to GMCG1 0.12 8.7 63% CO2, 37% CHa | APP2, P13 (404/545),
CNG Note 1
LNG to CNG from | et 0.31 20.2 65% CO2, 35% CHa | APP2, P13 (404/545),
import Note 1

Note 1  assumed pipeline length 1,000 km, rises from 0.12 to 0.30 for 7,000 km pipeline

The WTT emissions from the energy chain scale with the TTW energy consumed. Therefore WTT
GHG emissions in g/km to be attributed to a vehicle scale directly with the vehicle’s energy use, and
are thus reduced if vehicle efficiency is improved. For example, if the application of advanced engine
technologies leads to a vehicle only needing 80% of the fuel to complete a drive cycle relative to a
“standard” engine, then the TTW emissions are only 80% of that for the vehicle with the “standard”

0 “well-to wheels analysis of future automotive fuels and powertrains in the European Context”, partners Joint Research Centre of the European
Commission, EUCAR and CONCAWE. Version 3 is an update of their joint evaluation of the well-to-wheels energy use and greenhouse gas
emissions for a wide range of potential future fuel and powertrain options. This document reports on the third release of this study replacing
Version 2c¢ published in March 2007. The original version was published in December 2003. Available from
http://publications.jrc.ec.europa.eu/repository/handle/111111111/22590
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engine. Similarly, if only 80% of the fuel is needed, then only 80% of the energy is required to generate
this fuel. Hence, an 80% TTW requirement also implies a 80% WTW requirement.

9.5.2 Use of biofuels in ICE powertrains

It was noted in section 9.4.2 that when compiling GHG inventories for biofuels their use (TTW) is
categorised as a biogenic carbon source, but their production (WTT) as an anthropogenic activity.
Consequently, whilst the CO, emissions from the combustion of biofuels are taken as 0 (for accounting
under the Kyoto protocol), their WTT GHG emissions are important. The WTT emissions from the
production pathway does depend on:

the crop or waste stream used to produce the biofuel,

agricultural processes for producing biomass crop;

indirect emissions associated with the production of fertilizers and pesticides;

the production process for converting biomass into biofuel and the associated process energies
used;

e the utilisation of co-or by-products, which may e.g. be used in CHP plant, or biomass products
used as animal feeds.

Especially for the WTT emissions of biofuels taking account of other GHGs than CO, is of paramount
importance. This is illustrated in Table 31 for two biofuels compared to some example pathways for
conventional fuels and electricity and hydrogen.

Table 31  Share of different GHGs in the CO»-equivalent WTT emissions of some examples of conventional and
alternative energy carriers, taken from [JEC 2011] (excl. ILUC).

‘ g/MIsyel g/MIsyel g/MIsyel share in COz-equivalents
petrol COG1 Crude oil to gasoline 141 0 0 100.0% 0.0% 0.0%
diesel COD1 Crude oil to diesel 15.8 0 0 100.0% 0.0% 0.0%
LPG LRLP1 LPG from gas field 75 0.02 0 93.8% 6.3% 0.0%
(remote)
CNG GPCG1b Piped NG, 9.2 0.2 0| 648%| 352% 0.0%
4000 km
ethanol SCET1b EtOH from sugar
cane (Brazil), no credit for 13.4 0.16 0.025 53.9% 16.1% 30.0%

excess bagasse

biodiesel ROFA1 RME, glycerine as

chemical, meal as animal 16.9 0.06 0.079 40.3% 3.6% 56.1%
feed

electricity | GPEL1la Piped NG, 125.6 0.55 0.006 80,006 578 T
7000 km, CCGT

electricity KOEL1 Coal, state-of-the-art 242 6 0.91 0.012 90.2% 6 50 L
conventional technology : : . . . .

Hz GPCH1a Piped NG, 98.4 0.42 0.001 90.1% 9.6% 0.3%

7000 km, on-site reforming

Growing biomass emits significant quantities of N,O, while e.g. soil conversion can lead to large
emissions of CH,4. On the other hand, biogas production from fermentation of manure can also avoid
direct emissions of CH4 to the air, which may partly or fully compensate the CO, emissions occurring in
the well-to-tank chain.

In this respect not only emissions from the land directly used for biomass cultivation are relevant, but
also impacts of indirect land-use change (ILUC). The increased production of biofuels, even when it
takes place on existing agricultural land, is found to contribute to the conversion of land such as forests
and wetlands into agricultural land. This leads to increased CO, and CH, emissions from oxidation or
fermentation of carbon that is stored in the soil. These emissions from indirect land use change (ILUC)
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can significantly counteract the greenhouse gas savings from biofuels*’. Food-based biofuels and
bioliquids often contribute to land conversion. To account for this, in October 2012 the European
Commission proposed amending the Fuel Quality Directive to include ILUC factors in the reporting of
the greenhouse gas emission savings from biofuels under the directive.

It is common practice in WTT and WTW analyses to take non-CO, GHGs into account. This is also the
case in the CONCAWE EUCAR JRC study [JEC 2011] and in the typical and default WTT emission
factors listed in the FQD and RED. The amendments to EC Renewable Energy Directive (2009/29/EC)
and the Fuel Quality Directive (2009/29/EC) summarise the typical greenhouse gas emissions giving
total GHG emissions (g CO,e/MJ) for the cultivation, processing, transport and distribution of biofuels.
Data for key biofuel production pathways are given in Table 32.

ILUC emissions are currently not included in WTT emission assessments such as [JEC 2011] and the
WTT emission factors included in the FQD and RED.

Table 32 The GHG emissions from the cultivation, processing, transport and distribution of crops to produce
biofuels, as defined in the FQD and RED, expressed as CO»-equivalents including N2O and CHa
emissions (excl. ILUC).

Typical GHG emissions

Production pathway

gCO2e/MJsuel™

Bioethanol From sugar beet 33
From'wheat, using NG as process fuel with 43
50% in CHP plant
From sugar cane 24

Bioethanol Average from the three pathways 33

Biodiesel From rape seed 46
From sunflower 35
From soya bean 50
From palm oil 54
From waste vegetable or animal oil 10

Biodiesel Average from rape segd, sur_1f|ower and 31
waste vegetable or animal oil

Compressed biomethane | From municipal organic waste 17
From wet manure 13

Compressed biomethane | Average from both the above pathways 15

The average values for bioethanol, biodiesel and compressed biomethane given in Table 32 are those
used the subsequent analysis in this report.

9.5.3 Electricity (used in electric and plug-in hybrid vehicles)

Whilst the tank-to-wheel emissions from electric vehicles are zero, there being no tailpipe emissions,
the same is not true for the WTT component since there are GHG emissions from the generation of
electricity and its delivery to the vehicles’ batteries.

It is difficult to swiftly obtain an average GHG emissions for the generation and delivery of a quantity of

electrical power. This arises because of:

e The range of different energy sources used (e.g. coal, petroleum, biofuels, nuclear, renewables);

e The range of plant efficiencies for plants using each fuel (e.g. coal through conventional boilers,
the use of fluidised bed combustion, the use in CHP plant, etc.);

“ See: http://ec.europa.eu/clima/policies/transport/fuel/studies_en.htm for recent studies on this subject for the European Commission
2 The typical GHG emissions are taken from table D: Disaggregated default values for biofuels, for cultivation, processing, transport and
distribution listed on page 112 of 140 of the Official Journal of the European Union, published on 5™ June 2009.
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e The changing electricity generation mix caused by economics of fuels and demand,
e methodological issues related to attributing emissions to electricity consumers (see section 3.3.1
and Annex A.1).

It is common practice in WTT and WTW analyses to take non-CO, GHGs into account. This is also the
case for the data on electricity in the CONCAWE EUCAR JRC study [JEC 2011]. Some GHG emission
figures for different types of power generation, in units of gCO,e/MJge. provided in Annex 2 of the
CONCAWE EUCAR EC JRC report are given in Table 33. The previous Table 31 shows that non-CO,
GHGs make up about 10% of the CO,-equivalent emissions of electricity from natural gas or coal-fired
power plants.

Table 33 The GHG emissions associated with electricity generation for different power generation plant for
generation in 2008

Type of plant GHG emissions (gCO2e/MJejec)
Coal Conventional thermal 269
Natural gas Combined cycle gas turbine 126
Nuclear Not specified 4.4
Wind turbine All types 0
EU Mix All types 130

Figure 59 shows the mix in terms of conventional thermal, nuclear, hydro and wind power sources™ for
the average of the EU 27 and for each Member State.
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Figure 59  Electricity generation mix for the EU 27 average and each of the Member States for 2009*

It can be seen this varies widely between countries. Hence, the GHG emissions for generating
electricity in France, with its large nuclear component, and Germany, the Netherlands or the UK, with
their large conventional thermal components, are quite different. Furthermore, for Germany and the
UK, which have modest (e.g. around 20%) nuclear generation capability, the generation mix changes
throughout the day. This leads to the GHG emissions from each MJ electricity varying throughout the

“3 data taken from Eurostat, via http:/epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-QA-10-014/EN/KS-QA-10-014-EN.PDF
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day, and being lower or higher at night when, traditionally, many electric vehicles would be recharged,
depending on whether base load is largely provided by nuclear or coal-fired plants.

The consequence of the above is that there is no simple answer to the question of what are the GHG
emissions from generating 1 MJ of electricity. The figure used in this section is the Eurostat value of
130 gCO,e/MJ for the average Europe mix™.

However, to convert this figure into GHG emissions (per km driven) it needs to be multiplied by the
energy required to travel an average kilometre. A recent trial, run by the RAC Foundation compared
the fuel consumption of three types of vehicle: pure electric; hybrids, including plug-ins and hydrogen
fuel cells; and internal combustion engines emitting no more than 110 gCO,/km*. Electric vehicles on
average consumed 0.61 MJ./km (megajoules per kilometre). However, this figure doesn't take into
account the efficiency losses from the point of generation of the electricity to the vehicle's battery. If the
transmission efficiency of the energy taken from the point of production to where energy gets stored in
the vehicles’ battery is estimated to be 80%, then the overall WTT energy requirements would be 0.76
MJ/km, and the WTT (and WTW) GHG emissions would be 99 gCO,e/km for such an electric vehicle,
using the average Europe mix for electricity generation. This is the figure used later for comparison
with other energy carriers.

Decarbonisation of the electricity generation would lead to a direct, and equivalent, decarbonisation of
the electric vehicle WTW GHG emissions.

954 Hydrogen (used in fuel cell vehicles)

As for electric vehicles, whilst the tank-to-wheel emissions from hydrogen fuel cell vehicles is zero the
production of the hydrogen does lead to GHG emissions. Also, as for electric vehicles there are a
multitude of different fuel production pathways, most of which do have GHG emissions. Four
representative fossil fuel derived pathways for hydrogen production are summarised in Table 34. As an
example, Table 31 shows that non-CO, GHGs make up some 10% of the CO,-equivalent emissions of
hydrogen production from natural gas.

Table 34 The GHG emissions associated with the production of hydrogen for different production pathways45

Hydrogen production GHG emissions
route Type of plant Pathway code (gCOZE/MqueI)45
Steam reforming of natural On-site reformer GPCH1B 112

gas (methane)

Steam reforming of natural Central reformer GPCH2B 929

gas (methane)

Coal Not specified KOCH1 234
Electricity from EU Mix Electrolysis EMEL1/ CH1 209

It is common practice in WTT and WTW analyses to take non-CO, GHGs into account. This is also the
case for the data on hydrogen in the CONCAWE EUCAR JRC study [JEC 2011].

Generally it is seen that the WTT emissions per MJ hydrogen are 100 gCO.e or greater. However, this
can be very significantly reduced if:

e instead of using fossil natural gas biomethane is used, or

e hydrogen is produced through electrolysis using electricity originating from renewable sources.

To convert the GHG emissions per Mg, figure into GHG emissions (per km driven) the energy
content of the hydrogen consumed when travelling an average kilometre is required. The CONCAWE
EUCAR EC JRC well-to-wheel report gives a GHG emission of around 95 gCO,e/km for a compressed

“ See report on “Which low-carbon cars are the most eco-friendly” from the RAC Foundation, dated May 2011, available from
http://www.lowcvp.org.uk/assets/reports/Shades%200f%20green%20future%20car%20challenge%20booklet%20-%20lytton%20-%2005051 1. pdf
“ Data taken from Appendix 2 of CONCAWE EURCAR JRC Well to tank (WTT) report v3c, July 2011
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hydrogen fuel cell vehicle fuelled with hydrogen made from steam reforming natural gas using a
central reformer®. This is the figure used is this summary further on.

955 Summary

Non-CO, GHGs are a negligible fraction of the WTT emissions for petrol and diesel, but contribute
significantly to the WTT emissions of alternative energy carriers. For natural gas pathways, CH, can
be about 35% of the CO,-equivalent WTT emissions. For biofuels both CH, and N,O are important
with shares of around 50% in the CO,-equivalent WTT emissions. For electricity and hydrogen from
fossil sources the share of non-CO, GHGs is typically of the order of 10%.

The GHG WTT emissions for different energy carriers have been is assessed, expressing the total
emissions of CO,, N,O and CH, in CO,-equivalents on the basis of the global warming potentials of
the different GHGs. Overall results are summarised in Figure 60.
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Figure 60 WTT GHG emissions for a range of energy carriers

9.6 WTW GHG emissions for new technologies

The study so far has considered the powertrain technology and energy carrier options listed in section
9.3. In addition to these there are some additional, more advanced powertrain and automotive
technologies that are worth mentioning briefly.

9.6.1 Homogeneous charge compression ignition engines

This type of engine is a hybrid of the traditional spark ignition and the compression ignition processes.
In an HCCI engine a homogeneous (instead of stratified) mixture of air and fuel is created which is
ignited by compression. The defining characteristic of HCCI is that the ignition occurs at several places
at a time. This creates a low temperature and flameless release of energy throughout the chamber,
burning all the fuel simultaneously. The primary benefit of this technology is very low NO, and PM
emissions (a consequence of the lower combustion temperature of a premixed charge) relative to
conventional diesel, compression ignition, engines. Interestingly, although HCCI can be viewed as
being derived from petrol engines, its overall CO, emissions are less than those from an analogous
diesel engine — so this technology has the potential to provide CO, emissions reductions relative to the
current diesel light duty vehicles.

8 Data given in Figure 6.4.1 — 1a/b of the CONCAWE EUCAR EC JRC Well to Wheel (WTW) report v3c, dated July 2011
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REDUCING SOOT AND NOx EMISSIONS

In HCCI and petrol engines, the fuel and air are mixed before comb g the soot emissions of diesel engi Only HCCI engines have

multiple ignition points throughout the chamber. This plus their lean burn keeps temperatures low, preventing formation of nitogen oxides (NOx)
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Figure 61 Working principle of HCCI (Source: from New Scientist magazine, January 2006)

For petrol (spark ignition) engines the HCCI concept is sometimes known as Controlled Auto Ignition
(CAl).

The technology is not yet ready for commercial production, but functioning prototypes have been
produced and universities, laboratories and car makers are working on the technology as control
software still needs to be fully developed. This software is needed to improve the control of the engine,
as the engines are currently not reliable with changes in conditions, as the combustion method needs
more composition and compression control than standard engines.

In terms of this type of engine’s emissions of GHGSs, there are currently very little data. The technology
has the potential to use “lower grade” fuels, i.e. ethanol — water mixtures.

e TTW changes — this technology may produce a different CO, / CH, / N,O ratio
e WTT changes — this technology may change the required energy to produce fuel, e.g. a reduction
in the energy intensive final dehydration step in the production of bioethanol.

However, overall there are insufficient data of the GHG footprint for this new technology to allow a
meaningful estimation of either its overall GHG emissions or its breakdown into CO, and non-CO,
components.

9.6.2 Exhaust after-treatment technologies

The two pollutant species of principal concern for air quality and health are oxides of nitrogen and PM.
This leads to a dilemma: CI (diesel) engines are generally more thermodynamically efficient than Sl
(petrol) engines because of their higher compression ratio leading to lower GHG emissions. However,
these combustion characteristics also lead to higher emissions of NO,. Automotive industry is
increasingly using exhaust after-treatment systems on diesel engines to reduce post engine NO,
concentrations. The systems used may change the CO, / CH,4 / N,O ratio.

Because of the relatively high GWP of N,O, any exhaust after-treatment technology that, as an
unintended side effect, increases N,O emissions could be reversing the advantage of the reduced CO,
emissions through the use of a higher engine efficiency.

For three-way catalysts it is known that they tend to increase the share of N,O in the exhaust gas. This
mainly occurs under cold start conditions. In general all systems with a platinum-based catalyst,
including e.g. Diesel Particulate Filters (DPF), oxidation catalysts and Continuously Regenerating
Traps (CTR), could potentially lead to increased N,O emissions. There are indications that this is the
case for oxidation catalysts [Graham et al. 2008] and Selective Catalytic Reduction (SCR) [Riemersma
et al. 2003], but currently insufficient data are available to quantify the situation for modern vehicles, let
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alone Euro 6 production vehicles which are only now coming to the market. In principle proper design
and management of the catalyst can prevent increased N,O emissions.

The conclusion from the two sections above is that these technologies are insufficiently characterised
for an authoritative assessment to be completed. It seems justified, however, to review these
technologies again, when they become more widespread and measurement data become available.

9.7 Conclusions and recommendations

9.7.1 The importance of including TTW emission of GHGs other than CO,, in the
regulatory approach

The current regulatory metric is tailpipe (i.e. tank to wheel, TTW) CO, emissions. The principal focus of
this part of the assessment is to quantify the emissions of all GHGs that the IPCC recommend should
be included in the GHG inventory, for a range of powertrains and energy carriers. From the ratio of the
GHG emissions/ CO, emissions it was assessed whether there is a need to include the GHGs other
than CO, in the coverage of the regulatory approach.

The GHGs included in the study were:

e carbon dioxide (CO,) because it is the metric for the current regulatory approach, and
e nitrous oxide (N,O) and methane (CH,) because the IPCC guidelines for national GHG inventories
specify that these are the species that are important and should be included.

Emissions of GHG compounds used in mobile air conditioning (MAC) are excluded because it is
expected that changes to the powertrain/primary energy carrier technology mix will not affect the MAC
systems used. Also reduction of refrigerant emissions from MACs is already covered in dedicated
legislation. Consequently, there is no need for the coverage of the regulatory approach post 2020 to
include the GHGs used within MAC unless it is found that changes to the powertrain / primary energy
carrier technology mix do change the MAC systems used or their performance.

The range of powertrain and primary energy carrier technologies included are listed in Table 35:

Table 35 Range of powertrain and primary energy carrier technologies included

Powertrains Energy carriers

Conventional ICE Mainstream fossil fuels
Primary powertrains Full (battery) electric vehicles Biofuels

Hydrogen fuel cell vehicles Electricity

Plug-in hybrid electric vehicles (using electricity and carbon liquid fuels)
Linked powertrains Extended range electric vehicles (using electricity and carbon liquid fuels)

Improved efficiency ICE (including

hybrid vehicles)

The TTW emissions of the three IPCC specified GHGs were calculated using peer reviewed standard
emission factors obtained from:

e IPCC guidelines for national GHG inventories, Tier 1 emission factors
e |PCC guidelines for national GHG inventories, Tier 2 emission factors
e COPERT IV model, equivalent to IPCC Tier 3 emission factors.

The emissions given by these different methodologies, and the ratio of the non-CO, emissions to total
GHG emissions are given in Table 23 to Table 27. There are some differences, though these do not
affect the overall conclusions reached, and are explicable in terms of the different approaches. These
are as follows:

e For standard fossil fuels the ratio of non-CO, emissions to total GHG emissions never exceeds
6%.
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e The non-CO, emissions to total GHG emissions ratio is vehicle technology dependent and reduces
for the modern less polluting vehicles.

e For light duty vehicles meeting Euro 3 and Euro 4 emissions standards the ratio never exceeds 2%
except for natural gas (methane) fuelled vehicles.

e For biofuels the IPCC deem the tailpipe CO, emissions are biogenic in origin, and therefore equal
to zero. However these vehicles do generate small quantities of N,O and CH, from their biofuel of
similar magnitudes as the N,O and CH, emissions from vehicles running on petrol or diesel.

e For electricity and hydrogen powered vehicles the tailpipe emissions are zero (as long as the H, is
not used in an ICE), as too are the tailpipe emissions of N,O and CH,.

Figure 62, below, summarises these data, showing the TTW emissions of CO, and of N,O + CH, for
the different energy carriers.
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Figure 62 TTW GHG emissions for a range of energy carriers

The emissions of the non-CO, GHGs generally occur together with CO, emissions. Their ratio remains
virtually constant for a given vehicle principal powertrain technology and exhaust clean-up
combination. Consequently, improvements in the efficiency of the ICE, or the addition of hybrid
technology, is in first order expected to lead to equivalent reductions in both the CO, emissions and
the non-CO, emissions.

For vehicles using a combination of energy carriers, i.e. plug-in hybrid and extended range electric
vehicles, their emissions are considered to be an average of the emissions of each energy carrier
weighted by the shares of the different energy carriers used. However, this varies according to the
pattern of usage. Hence the emissions from a plug-in hybrid electric vehicle that is never attached to
the mains (i.e. the electric power used is zero) is that for an equivalent (non plug-in) hybrid vehicle,
whereas the emissions from an extended range electric vehicle that only uses electric power are zero,
equivalent to that for a battery electric vehicle.

The assessment did show that methane fuelled vehicles do have higher than a 2% non-CO, GHG
emission, because of the increased emissions of methane and because each unit of methane has a
global warming potential of 25 times that of CO,. Further, fugitive emissions (leakage from compressed
fuel cylinders, or boil-off from liquid methane tanks) could cause this to be greater. The actual methane
emissions and fugitive losses will change as the vehicle technology develops, hopefully reducing.

This assessment also considered two new technologies that may become important vehicle
technologies in the future, but are currently immature. These are homogeneous charge compression
ignition(HCCI) engines, which potentially are a more efficient and less polluting ICE concept, and
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advance selective catalytic reduction, potentially used in the future to further reduce the emissions of
nitrogen oxides. Both of these new technologies are currently insufficiently mature for a meaningful
assessment of the non-CO, GHG emissions from likely in-use vehicles to be undertaken.

It is also noted that the current vehicle type approval testing procedures do not specify the
measurement of nitrous oxide and current practice is not to measure this species. For test cells with
FTIR instruments, augmenting the current vehicle emissions instrumentation, estimates of nitrous
oxide emissions can be made. Consequently, any requirement that nitrous oxide becomes included in
the regulatory approach post 2020 would involve an additional test burden and instrumentation.

The main conclusions from this analysis regarding TTW non-CO, GHG emissions can be summarized
as follows:

e There is no need for the coverage of the regulatory approach post 2020 to include the GHGs used
in MACS unless it is found that changes to the powertrain / primary energy carrier technology mix
would change the MAC systems used or their performance.

e There is no need for the coverage of the regulatory approach post 2020 to include TTW emissions
of non-CO, GHGs from ICEVs using carbon-based liquid fuels because they are a small fraction of
CO, emissions (<2% for Euro 4) and are potentially going to reduce further following the
introduction of the Euro 6 emission standards.

o However, for Euro 6 the methane measurement provisions are already part of the test procedure,
and the emissions standards permit around 2.5 g CO, equivalents methane emissions per
kilometre (2.6% of the 2020 95 g/km average target). This argument is especially relevant for
natural gas (methane) fuelled vehicles, to ensure that the additional potential GHG emissions of
methane are not a significant proportion of the CO, emissions. Including methane emissions in the
regulation of TTW GHGs could thus be justified.

e In modern passenger cars N,O emissions are not expected to exceed 1 g CO,-equivalents per
kilometre on average. Therefore inclusion of N,O is not necessary.

e The need to extend the regulatory approach post 2020 to include non-CO, GHGs from vehicles
using either HCCI or high levels of SCR should be reviewed if, or when, the technology becomes
more widespread.

9.7.2 WTT and WTW GHG emissions for different vehicle technologies and
energy carriers

The above considerations relate to the TTW emissions of vehicles. If the metric for future CO,
regulation would be changed to cover WTW CO, emissions, the inclusion of non-CO, is definitely
necessary, as for some fuels (e.g. biofuels) these constitute a significant share of the WTT GHG
emissions. In energy chain analyses (WTT or WTW analyses) it is, however, already common practice
to include all relevant GHGs.

In support of this potential regulatory option the TTW GHG emissions, discussed above, have been
augmented with the WTT GHG emissions for a range different and energy carriers. This was assessed
by drawing on authoritative published literature, principally the CONCAWE EURCAR JRC well-to-
wheels study, and information in the annexes of the EC’s Renewable Energy Directive and Fuel
Quality Directive. The results from this assessment are summarised in Table 36, and shown
graphically in Figure 63.

These data are for the current technologies. Improvements in vehicle efficiencies lead to a direct
equivalent reduction in all GHG emissions. For example, a 25% improvement in the efficiency of ICE
engines would, by definition, lead to 25% less fuel use to travel the same distance. This would reduce:

e the TTW CO, emissions by 25%;

e the TTW non-CO, GHG emissions by 25% based on the previous evidence that non-CO, GHG
emissions follow CO, emissions and

e all WTT GHG emissions by 25% because only 25% of the fuel needs to be produced.

This applies for all such innovations, e.g. improved engine efficiency, adding hybrid technology, and
fuel economy improvements caused by light weighting or improved aerodynamics.

m innovation Framework Contract on Vehicle Emissions
for life . 165
ENV.C.3/FRA/2009/0043, Service Request #4



) : GLOBAL = TRANSPORT & MOBILITY
TNQ et [HRR @ e A CE Delft k?Q?j 75 AEA LEUVEN

Table 36 The WTW GHG emissions for modern vehicles with a range of different energy carriers

TTW CO2 TTW N2O + CH4 WTT GHG WTW GHG

emissions /km emissions emissions emissions
g COze/km g COze/km g COze/lkm

Conventional ICE and hybrid ICE power trains
Petrol 130 0.82 22.1 152.9
Diesel 120 2.00 22.8 144.8
LPG 120 1.33 14.4 135.7
Methane as CNG 108 6.16 19.4 134.6
Methane as LNG 108 6.16 46.4 161.6
Biofuels
Bioethanol 0 0.82 73.8 74.6
Biodiesel 0 2.00 56.7 58.7
Biomethane 0 6.16 335 40.74
Full electric vehicles and fuel cell vehicles
Electricity 0 0 98.8 98.8
Hydrogen 0 0 105.3 105.3
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Figure 63 WTW GHG emissions for a range of energy carriers for 2010 with TTW and WTT emissions according
to IPCC definition

For vehicles using a combination of energy carriers, i.e. plug-in hybrid and extended range electric
vehicles, as for their TTW emissions, their WTT emissions are a weighted average of the emissions of
each energy carrier. As noted in the previous section, this varies according to the pattern of usage.

Some observations on the WTW data, relative to the TTW data, and in particular the TTW CO,
emissions, are:

e For the fossil fuels, the WTT component for LNG is the largest of all the fossil fuels, reflecting the
energy intensive nature of liqguefying methane.

e For Kyoto accounting, in which the TTW CO, emissions from biofuels are taken as 0, the WTW
approach enables the overall GHG emissions of biofuels to be shown.

e The WTW data also enables the overall GHG impact of using electric vehicles, or hydrogen
vehicles to be demonstrated.
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The WTT data for electricity and hydrogen are based on current status and practices, i.e. the EU-27
electricity generation mix, and the production of hydrogen by the steam reforming of fossil natural
gas. The decarbonising of these generation/production routes would be the key to decarbonising the
GHG footprint of these energy carriers. Also, at present the TTW emissions for these energy carriers
are taken as zero. It is also noted that the carbon footprint of these energy carriers is outside the direct
control of the vehicle manufacturers, and their suppliers.

Overall it is concluded that for proper accounting of WTT emissions the inclusion of non-CO, GHGs is
essential, as these constitute a significant part of these emissions. CH,; and N,O are the relevant
species. It is already common practice to include these emissions in WTT and WTW analyses and to
express them in CO,-equivalents based on their global warming potential (GWP). Current WTW
analyses of biofuels generally do not include GHG emissions associated with Indirect Land-Use
Change (ILUC). As these can be significant for various biofuels, it is recommended that ILUC
emissions are included.
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10 Implications with regard to vehicle testing
and certification procedures

10.1 Introduction

This section will identify any implications for the vehicle testing and certification procedures of each of
the options for the regulatory approach and metrics for road vehicle CO: as identified in chapter 2 of
this study. This review will consider what changes or amendments may be required to the current test
and/or certification procedures to accommodate these different regulatory approaches.

For light duty vehicles, work is currently well underway to reach agreement on a new set of regulations
known as the Worldwide harmonized Light vehicles Test Procedures (WLTP). The objective of the
WLTP is to provide a world-wide harmonised method for determining the levels of gaseous and
particulate emissions, CO, emissions, fuel consumption, electric energy consumption and electric
range from light-duty vehicles in a repeatable and reproducible manner which is representative of real
world vehicle operation. Implementing any potential changes to the testing and certification procedures
for light duty vehicles post 2020 would require further consideration concerning how the changes could
be incorporated into the WLTP or any other applicable European legislation.

10.2 Current test procedure

The term ‘current test procedure’ means the type approval procedure required for Euro 5 or Euro 6
vehicle CO, emissions measurement — applicable regulations are UNECE R101 and UNECE R83. The
test procedure involves driving a representative veh