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The Committee on Climate Change (CCC) is tasked with, among other things, providing
advice to government by 1 December 2008 on the level of carbon budgets to 2022 (the first
budget starts in 2008 and each carbon budget period lasts five years). The carbon budgets
need to be consistent with existing emissions abatement commitments of the UK government
and the EU and to define the split of emissions abatement between the traded and non-traded
sectors. Emissions from transport (apart from a small amount of electricity) are not part of a
trading scheme and, therefore, largely fall within the non-traded sector of the carbon budgets.

The CCC has evaluated the contribution all sectors of the economy to carbon budgets by
developing a series of marginal abatement cost curves (MACC). While in sectors such as
buildings or industry the CCC could rely on updating existing MACC models, no such model
was available for the UK transport sector. Therefore CCC commissioned®, and further
developed an original MACC model for the UK transport sector.

The model f osupply-sile6 ¢6n. eheod the potential for rec
technology as opposed to demand responses). The purpose of the model is to evaluate how

far technology could contribute to emissions reductions from transport. As such, the demand

side was taken as o6frozendé, i.e. behaviour change
model adjustments help to account for changes in behaviour which could impact on the

technical abatement identified by the supply-side model.

The geographical coverage of the model is consistent with the CCC remit, in that it covers the
UK, but has some ability to disaggregate by Devolved Administration.

This paper introduces the principles of MACC modelling, and then introducesthe CC C 6 s
transport supply-side model. Following these high-level introductions, the note then details
how abatement potential is estimated in the model and associated costs and cost
effectiveness, before moving on to model results. The final section presents some areas for
model development and next steps.

! The model and input data was put together by a consortium, lead by AEA Technology, with contributions from
E4Tech (on biofuels), Metronomica, Ricardo, IEEP and CE Delft.
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1. MARGINAL ABATEMENT COST CURVES: GENERAL PRINCIPLES

Marginal abatement cost curves (MACCs) compare volumes of abatement achievable at a
given point in time against costs per tonne of abatement, ordering options in terms of these
costs. Options are ordered from the most cost-effective (i.e. lowest cost per tonne of
abatement, potentially negative) to the least cost-effective (i.e. highest cost per tonne of
abatement, possibly high above the costs in the reference scenario). By ordering
technologies in this way, MACCs allow users to view how volumes of annual abatement
change incrementally against different levels of costs.

The abatement opportunities illustrated by MACCs could relate to either policies or
technologies, with different implications for the degree of technological detail and types of
costs being included in the analysis. Our transport supply-side MACC model focuses on
technological improvements and technology costs. It does not extend to costs of policy
administration.

As with any model of abatement, MACCs measure emissions reduction against a reference
scenario or baseline. The abatement volume of emissions identified by MACCs is incremental
to the reference scenario, while abatement costs are incremental to a reference technology
(i.e. the technology that would be adopted in the absence of action to reduce emissions).

2. UK TRANSPORT SUPPLY-SIDE MACC MODEL: OVERVIEW

The transport supply-side MACC model centres around granular stock modelling and bottom-
up detailed technology data. The model covers different modes (cars, vans and HGVs) which
are further disaggregated into segments (e.g. small, medium and large cars?®). Taken together
the modes covered by the model account for 86% of total UK domestic transport emissions®.

Figure 1 shows the model schematic, which is followed for each year calculated and for each
vehicle and segment in the model. The stock model uses information on the age of vehicles,
the survival rate of vehicles at each age, and projections of the total number of vehicles in the
fleet* to produce a number of new vehicles to be purchased each year. These are combined
with user-selected assumptions about technology penetration and exogenous assumptions on
vehicle-km travelled® to calculate the total emissions (or new vehicle emissions) by segment or
(with further aggregation) by mode.

2Vans are not subdivided into segments. HGVs are split into four segmentbétigidand above 7.5
tonnes; and articulated below and above 33 tonnes).

32006, by source category. Domestic transport total includes domestic aviation and shipping; and
domestic military transport emissions. Source: National Atmospheric Emissionsohyven

“ Projections of the total number of cars are produced using the TEMPRO model by the Department
for Transport. For vans and HGVs, the model assumes a 1% p.a. growth in total stock.

5 Vehiclekilometre data are not generated within the supply sidedel. The supply side model has
instead been set up such that the user can select from a range of exogenously modelledkrahicle
projections, consistent with the desired model run. The CCC analysis has used akvelialaset
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Figure 1. UK transport supply-side MACC model schematic

Each year (e.g. 2011) Changes with technology bundle selected

Assumption on survival rates by age of vehicle

Total vehicle stock split by segment
Total vehicles in segment by technology

Each vehicle segment (e.g. Medium car)
Age of vehicle (0-19 years)

Technology Emissions can be grossed up:
e.g. Conventional petrol  gCO2/km X vehicle-km = Co2 e.g. Total for segment (all technologies)
e.g. Electric vehicle e.g. Total by technology (all segments)
T e.g. Total by fuel (e.g. all petrol technologies)

Exogenous efficiency assumptions

Emissions reduction is introduced through new vehicles taking a proportion of the available
fuel-efficiency technologies rather than the reference technology, or switching to a lower-
carbon fuel. These routes to emissions reductions can be categorised as:

i powertrain technology (i.e. direct improvements to the engine and related operation);

9 non-powertrain technology (i.e. improvements in efficiency from changes to the rest
of the vehicle);

§ fuel switching (i.e. changing from conventional fossil fuels to lower carbon fuels).

Each new vehicle has to be characterised by a powertrain technology and potentially also by
non-powertrain technol ogi es. These are model
uptake rates by technology, such that total uptake across all technologies equals 100% of new
vehicles entering the stock (see the following section for a more detailed description).

The same calculation is done for each year in turn, 2008 to 2022 as, over time; the stock
model introduces dynamics of changing number and age of vehicles. This allows the evolution
of the abatement potential with uptake of lower emitting technologies to be tracked over time,
for each technology bundle.

The difference in costs between the reference technology bundle and any selected technology
bundle is calculated from the difference in capital costs (e.g. vehicles with new, lower emitting
technology may be more expensive) and the difference in running costs (e.g. more efficient
technologies lower fuel consumption and costs). The total difference gives the marginal cost
of adopting an abating technology bundle, compared to the reference.
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3. UK TRANSPORT SUPPLY-SIDE MACC MODEL: ESTIMATING
EMISSIONS REDUCTION POTENTIAL

3.1 Defining the reference scenario

In defining the reference scenario, we worked from a general assumption of zero further policy
action; in particular that there would be no successor policy to the EU Voluntary Agreements
(which end in 2008-09). This was thought to be the most useful way to define a reference
scenario, as this allows the flexibility to explore a wider range of possible technological
developments and to see how far these reduce transport emissions. The key assumptions for
different modes are that:

1 New car efficiency does not improve over time, in the absence of a policy (i.e. from
2009).

1 New van efficiency worsens over time because van efficiency has improved at around
two-thirds that of cars during the Voluntary Agreements; which means that there are
negative van efficiency improvements when car efficiency improvements are zero (for
example, continuing trends in increasing size and weight of vans are no longer off-set
by technology improvements).

1 New HGV efficiency continues to improve on its long-term trend (estimated between
0.8% and 1% per year); with fuel penalties of new Euro standards of 7-8% in 2014
included in the reference scenario.

1 Uptake of diesels does increase overtime, as people realise that they are more
efficient; with uptake of diesels in new cars reaching just below 50% by 2022.

1 Uptake of all non-powertrain technologies for cars, vans and HGVs is zero.

1 Asthere is an existing UK policy on increasing the use of biofuels, this is included in
the reference scenario; although we have reflected a slightly slower uptake profile in
line with the recommendations from the recent Gallagher Review® (both the EU and the
UK are reconsidering the use of biofuels in light of their broader sustainability and
emission implications). This means that uptake of biofuels is assumed in the reference
case, increasing to reach 5% by volume (4% by energy) in 2013; then fixed at this
level. These biofuels apply to total volume of fuel used for cars, vans and HGVs in the
model. (Itis assumed that biofuels are used in low blends in all vehicles, rather than
introducing vehicles capable of 80% and higher blends.)

3.2 Defining abatement scenarios

For modelling abatement scenarios, the consultants and the CCC developed a methodology
based on 0t echnol odjfferenfrom thé apmdach which is often taken in
defining technology MACCs (which typically starts from a theoretical, maximum abatement
potential) but also from previous approaches to modelling costs of abatement from transport
(which do not encompass the same level of technological detail). These alternative
approaches are briefly presented in Box 1.

® Renewable Fuels Agendhe Gallagher Review tbfe Indirect Effects of Biofugl2008



Box 1. Alternative approaches to estimating abatement potential and cost

CCC technology bundles. The technology bundles approach developed for the transport
supply-side model builds on other methodologies, but includes a bottom-up, technology-rich
view of possible trajectories to 2022.

Technology bundles can be defined as sets of assumptions on the proportion of new
vehicles characterised by each technology entering the fleet in each year (2008 to 2022), with
internally consistent changes in the proportion between years; with uptake across all
technologies totalling 100% in each year; for each vehicle segment.

In other words (and in more detail), adopting an approach based on technology bundles
means that:

i In each year, for each segment in the model (e.g. small cars or vans), each technology
is apportioned a percentage uptake rate; totalling 100% of new vehicles in that year
across all technologies. Each technology bundle is internally consistent across the full
three budget periods (i.e. 2008 to 2022) which means that the uptake of each
technology (as a proportion of all new vehicles in that segment) follows a feasible
pathway in terms of technological development year-on-year and supply-side
constraints.



1 This internal consistency means, for example, that an &lectric vehicledtechnology
bundle would not see uptake of electric vehicles jumping from zero to 100% of new
vehicles between 2009 and 2010 (this would be
approach) but, rather, electric vehicle uptake starts at low percentages in 2011, then
increasing gradually, and with more rapid increases in uptake towards 2020, to reach a
feasible maximum uptake by the end of the final budget period.

I The technology bundles in the model are not comprehensive or the only possible set or
predictions of technological development. The bundle approach allows an evaluation
of what a feasible introduction of new technologies could achieve, with a detailed
description of percentages of vehicles with each technology in each year. The
modelling approach outputs the total volumes of abatement but also the changes in
new vehicle gCO./km.

Technology bundles in the supply-side model. In principle each technology bundle could be
defined through specifying uptake rates for all the possible vehicle technologies. The
approach we have taken to make this manageable has been to limit the number of technology
bundles by defining a discrete number i one technology bundle per key abating technology
(powertrain and non-powertrain) for each segment in the model.

At the same time, in order reflect uncertainty about feasible uptake rates for most technology

bundles a 6l owd and 6highé variant have been defi
lower-carbon technology they refer to. For example, in the low van stop-start technology

bundle, uptake of stop-start reaches a maximum of 46% of new vans in 2020, compared to a

maximum of 79% of new vans in 2020 in the high van stop-start technology bundle. Overall

therefore, two sets of technology bundles (low and high) have been identified across the

spectrum of key lower-carbon technologies.

This approach results in around 100 technology bundles (which is by no means exhaustive).

The 61l owd and 6highd sets of technology bundl es ¢
particular:

T The 61l owd feasi bl e set ofesinabatngtechnolggiesoben ndl e s
the reference but with perhaps weaker policy instruments or greater supply-side
barriers (e.g. the EU introduce a target but it is not met; the EU weaken the target
compared to proposals; or the technology for some reason delivers fewer emissions
reductions than expected).

TIn the 6highodé feasible set of technology bund
more aggressive (but still feasible) rate of uptake, perhaps indicating a much stronger
(or more successfully delivered) policy. Between the range of technology bundles and
the low and high set, we have tried to introduce detail without resulting in an unwieldy
model, within our time and resource constraints.

The technology bundles are labelled in terms of the technology which increases its uptake
over the reference levels (i.e. the abating technology), although there is in reality a mix of
technologies included (particularly for cars). Technologies other than the abating technology
remain as reference levels or falling, because the technology which is increasing must be



replacing another technology, for the total uptake of all technologies to equal 100% in every
year.

Figure 2 presents a stylised view of five indicative technology bundles. In all of the bundles,

the volume of abatement increases over time, as the uptake of the abating technology

increases over time. Moving between bundles shows the difference in abatement achieved by

di fferent technol ogdteasrt epgt.r all @ hlbarg hl &dvBd ro pe mi s s i

petrol 6, it has mi @glEérece-mihchi&kbpd dighaehacle (of ¢ttt
the difference in abatement-start020abbéwethanst he
plugii n hybridd bundles is shown by the distance a

exactly the same in each year as uptake of stop-start, so it is a difference between the
bundles, not the technologies). What is not shown in the stylised figure is that the costs also
increase with volume of abatement, as more abating technologies tend to be more expensive.

Figure 2. Stylised representation of technology bundle uptake and abatement

Electric & plug-
MtCO2 in hybrid

abated

Microhybrid

Stop-start

Second generation
advanced petrol

Figure 2 is also useful in understanding how to interpret technology bundles in a MACC.
Within each car segment, technology bundles are alternative, not additive. A MACC which
showed all technology bundles could be used as a ranking tool, as a method for selecting a
technology bundle consistent with policy ambition, acceptable costs and emissions reductions
targets. But abatement potential segments displayed by such a MACC on its horizontal axis
would not be additive and it would be wrong to interpret them as cumulative abatement
potential. While the models has some data validation routines in place that help avoiding
overlaps in estimating abatement potential, intelligent user intervention is required to define
scenarios that include a compatible set of technology bundles.

This discussion has focussed on the technology bundles for powertrain technologies. The

non-powertrain technology bundles follow the same methodology, but are much simpler.
Eachnon-power train technology has its own Obundleb6 w
uptake of that non-powertrain technology. The non-powertrain technology bundles can be run



in addition to whichever powertrain technology bundle is selected by the user. Appendix IV
shows some uptake rates for non-powertrain technologies.

The range of technology bundles for each mode is described in the tables below. In the
model, there is a technology bundle for each segment, rather than mode, but in each case
following the same principles described above. The exact uptake rates by technology bundle
per segment differ between the low feasible and high feasible sets. In the model, non-
powertrain technologies for cars, vans and HGVs are applied only to new vehicles. There is
scope for model development where these can be easily applied to existing vehicles to
achieve additional abatement, particularly low rolling resistance tyres.

Table 1. Car technology bundles

Technology bundle (cars) Description

Reference

uptake of new car technology is dominated by conventional petrol and
conventional diesel, which each account for around 40% of new cars in
2008. Uptake of first generation advanced petrol engines accounts for a
further 18%. Other technologies make up the difference, in small
proportions, including second generation advanced petrol; stop-start
diesel; microhybrid petrol and diesel; and mild and full petrol hybrids. The
only change in uptake across technologies over time is due to increasing
diesel penetration, reaching diesel uptake in new cars of just below 50% by
2022. Uptake of all non-powertrain technologies is zero.

Powertrain

First generation advanced
petrol

uptake replaces conventional petrol engines.

Second generation advanced
petrol

uptake replaces conventional petrol and first generation advanced petrol
engines.

Stop start uptake replaces conventional petrol, first and second generation advanced
petrol engines.

Microhybrid uptake of first and second generation advanced and microhybrid replace
conventional petrol.

Hybrid uptake of micro, mild and full hybrids increases to replace conventional,

first and second generation advanced petrol and diesel engines.

Plug-in hybrid and electric

Non-powertrain

initially, uptake of second generation advanced petrol, micro, mild and full
hybrids increases to replace conventional engines. From 2013, plug-in
and electric uptake begins and replaces conventional, first and second
generation advanced petrol and diesel.

Aerodynamics

uptake increases; applied to new vehicles only

Gear shift indicators

uptake increases; applied to new vehicles only

Low rolling resistance tyres

uptake increases; applied to new vehicles only

Weight reduction

uptake increases; applied to new vehicles only

10



Table 2. Van technology bundles

Technology bundle (vans) Description

Reference uptake is split between conventional petrol and conventional diesel, which
makes up 98% of new van purchases.

Powertrain

Stop start uptake replaces conventional diesel

Microhybrid uptake replaces conventional diesel

Hybrid uptake of micro, mild and full hybrids increases to replace conventional

diesel.

Plug-in hybrid and electric

Non-powertrain

uptake of micro, mild, full, plug-in hybrids and electric increases to replace
conventional diesel.

Aerodynamics

uptake increases; applied to new vehicles only

Gear shift indicators

uptake increases; applied to new vehicles only

Low rolling resistance tyres

uptake increases; applied to new vehicles only

Weight reduction

uptake increases; applied to new vehicles only

Table 3. HGV technology bundles

Technology bundle (HGVs) Description

Reference uptake 100% conventional diesel

Powertrain

Stop start uptake replaces conventional diesel

Microhybrid uptake replaces conventional diesel

Hybrid uptake of micro, mild and full hybrids increases to replace conventional

diesel.

Plug-in hybrid and electric

Non-powertrain

uptake of micro, mild, full and electric increases to replace conventional
diesel. This technology bundle only applies to rigid HGVs less than 7.5
tonnes.

Aerodynamics

uptake increases; applied to new vehicles only. (Applied to articulated
HGVs as 'teardrop' trailers)

Low rolling resistance tyres

uptake increases; applied to new vehicles only

Weight reduction

uptake increases; applied only to new rigid (not articulated) HGVs

Note: Technology bundles for these powertrain technologies apply only to rigid HGVs; i.e. there is no
abatement from powertrain technology for articulated trucks in the model.

11



3.3 Uptake rates: key assumptions

Passenger cars

For passenger cars, for the technology bundles with increased first and second generation
advanced petrol, stop start and micro-hybrid, the uptake is not enough to completely displace
conventional petrol or diesel engines before 2020 (i.e. in these scenarios, there are still some
new cars sold which are conventional petrol or conventional diesel). For technology bundles
with increasing uptake of hybrid, plug-in hybrid or electric vehicles, conventional petrol and
diesel fall to zero uptake of new cars around 2017.

For passenger cars, in the low feasible set, uptake of plug-in petrol and plug-in diesel
technology reach a maximum uptake of 2% each (i.e. 4% total plug-ins) in 2020; and electric
reaches 6% of all new vehicles in 2020.

For passenger cars, uptake of conventional petrol and diesel falls to zero by 2017 in most of
the technology bundles at high feasible uptake. The technology bundles relating to plug-in
hybrid and electric technologies: full hybrids account for 25% of new cars in 2020; plug-in
hybrids 9% and electric cars 12%.

Vans

For vans in the high feasible technology bundle for electric vehicles, uptake of full hybrids
reaches 11% of new vans in 2020; 6% plug-in diesels; and 16% electric new in 2020.

1 Comparing the high feasible set technology bundles for plug-in hybrid and electric cars
and for vans, the improvements in efficiency for vans are around two-thirds of those for
vans. This is consistent with the assumption that some technology for cars can be
applied to vans (this would imply a strong policy lever for vans).

HGVs

For HGVSs, electric technology is only applied to rigid HGVs under 7.5 tonnes; reaching a
maximum of 4% of all new HGVs in 2020 under the high feasible set.

The uptake rates weobve ass ume-powdrtinteahrolagysre hi cl es
presented in Table 6.

12



Table 6. Non-powertrain uptake rates: cars, van, HGVs; low and high feasible

% uptake new vehicles in 2020

LOW FEASIBLE HIGH FEASIBLE
CARS
Aero-dynamic design 54% 2%
GSlI 42% 55%
LRRT 65% 100% (from 2017)
Weight Reduction 64% 78%
VANS
Aero-dynamic design 39% 56%
GSI 52% 62%
LRRT 65% 100% (from 2017)
Weight Reduction 64% 74%
HGVS
Rigid
Aerodynamic 30% 50%
Low rolling resistance tyres 59% 100% (from 2017)
Weight reduction 36% 38%
Articulated
Teardrop trailers 30% 54%
Low rolling resistance tyres 22% 100% (from 2017)

These uptake rates look conservative compared to some other estimates. For example, a
recent study by TNO, IEEP and LAT commissioned by the European Commission ” assumed
that 100% of new passenger cars could be fitted with gear shift indicators from 2009. In
practice, the application of non-powertrain measures will depend on a larger mix of technology
than is represented here, and the costs and emissions targets faced by each manufacturer.

See Appendixes Il and IV for various charts of uptake rates under different technology
bundles.

3.4 Estimating emissions reduction: key assumptions

The assumed abatement from non-powertrain technologies can be compared to other
estimates. For passenger cars and vans, the aforementioned report by TNO is a credible
source of comparable data. The emissions savings from non-powertrain in the supply-side
model are consistent with their findings from the literature®, as shown in Table 4. For gear shift
indicators, the assumption in the CCC supply-side model is that they will result in a 2%
emissions reduction (rather than the TNO range of 3 -5%), allowing for the fact that people
may not follow the instruction all of the time.

For HGVs there are less comparable data and the CCC model assumptions (see Table 5) are
based on expert judgement.

"TNO, IEEP, LAT 200®eview and analysis of the reduction potential and costs of technological and other
measures to reduce Gemissions from passenger carSinal Report.

8 One difference between the study and our supply side model is technologies to whighoma@ntrain are
added. In the supply side model, npowertrain technology savings and costs are differentiated loyyrsent,

but not by type of powertrain in the vehicle they are applied to (i.e. low rolling resistance tyres applied to a
conventional petrol car abate the same emissions as if applied to a hybrid diesel). The TNO study did
differentiate nonpowertrain techologies by size of car and by petrol and diesel (but not by any other
powertrain technology).

13



Table 4. Comparison of non-powertrain emissions savings: CCC and TNO

LOW FEASIBLE HIGH FEASIBLE

CCC model TNO report |CCC model TNO report
CARS
Aero-dynamic design 1.5% 1.5% 1.5% 1.5%
GSI 2% 3% * 2% 5% *
LRRT 2% 2% 2% 2%
Weight Reduction ** 1- 2.4% 2.2-2.5% 5.7- 6% 5.4 -6.3%

* GSI not achieved in real world
** weight reduction range because varies by car segment

VANS

Aero-dynamic design 1.5% 1.5% 1.5% 1.5%
GSI 2% n/a 2% n/a
LRRT 2% 2% 2% 2%
Weight Reduction * 2% 0.9-2.5% 6% 5.4-6.3%

* TNO report consideres three classes of N1 vehicles; and by petrol and diesel

Table 5. Non-powertrain emissions savings for HGVs (CCC)

Rigid

Aerodynamic 1.5% 1.5%
Low rolling resistance tyres 2% 2%
Weight reduction 2% 6%
Articulated

Teardrop trailers 10% 10%
Low rolling resistance tyres 2% 2%

It should be noted that there are a lot of possible variables around the application of non-
powertrain measures. For example, costs of weight reduction will depend on the materials
used. Our suggested technologies are not exhaustive, but are intended to give an
assessment of the contribution of non-powertrain measures to reducing emissions. Although
we have modelled gear shift indicators, cars fitted with fuel economy readouts may achieve
similar savings: our modelling is not suggesting gear shift indicators should always be the first
choice.

3.5 Estimating emissions reduction: rebound effects

Technologies which abate emissions also improve vehicle efficiency, lowering costs for drivers
where distances travelled are unchanged. Three possible rebound effects can be expected:
an increase in distance travelled; upsizing in vehicle purchases; and possibly more vehicle
purchases (e.g. second or third cars). The supply-side transport model results have been
adjusted for a rebound effect on distances travelled.

Rebound on distance travelled is accounted for endogenously in the NTM. The supply-side
transport model takes the vehicle-km projections from the NTM (run using consistent input

14



assumptions) as a data input. This means that the rebound on distance travelled is accounted
for in the reference projections using the supply-side transport model. As technology bundles
are run, however, the model does not change vehicle-km from the reference case, so rebound
effects on distances travelled from introducing abating technologies are not taken into
account.

As the impact of rebound effects on emissions reduction from more fuel efficient technologies
is no insignificant, model results are adjusted off-model. The off-model adjustment uses
elasticities for fuel costs and distances travelled, consistent with those in the literature®, with
typical values of around 0.3 (in the 1990s), falling over time to around 0.15 in 2020'°. Our
rebound adjustment, therefore, reduced our estimates of emissions reductions by around 15%
in 2020 (e.g. whereas in our high scenario for cars we estimated emissions reductions of 12
MtCO,, this would have been 14 MtCO, had we not made the adjustment for the rebound
effect).

Rebound on wpsizing ¢r ingreasing ewnership is not accounted for in estimates of
emissions reduction potential. The move to mandatory targets on new car emissions,
combined with emissions graduated Vehicle Excise Duty and company car tax will prevent
new car emissions rising due to this rebound. On the other hand, high oil prices in 2008 have
resulted in increased sales of diesel car s
static split in the proportion of cars in each segment in the model, it is implicitly assumed that
these two effects pull against each other, without significantly changing the situation on
average.

° Hanly, Dargay and GoodwiReview of Income and Price elasticities in the Demand for Road Traffic: Final
Report,2002
10 E|asticities fall over time as congestibegins to bite against evéncreasing distances travelled. This

and

approach and elasticity is consistent with modelling by the Department for Transport, although there are some

challenges to this assumption.
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4. UK TRANSPORT SUPPLY-SIDE MAC MODEL: COSTS AND COST-
EFFECTIVENESS

4.1 Cost-effectiveness indicators

6Cossftf ectivenessd generally refers to a relative
achievingthe s ame objective or employing a given amoun
effectived solution is the one that delivers the
given the money available. Therefore in the case of MACCs, ¢-ebfécti venessd i s a
judgement on the relative merit of different abatement measures based on their marginal

costss Addi ti onal | y-effedivieds oftere used in@rc absolute sense to indicate the

portion of a MACC that falls below a zero cost per tonne abated (i.e., measures with the
potential to save money as well as reducing emissions) or any other significant threshold (e.g.,
t he 6pr i c atwhich offsedaredits codld be purchased from elsewhere as an
alternative to abatement within the sector). In any case, drawing a MACC calls for the
definition of an indicator of cost effectiveness expressed as money per unit of emissions
reduction.

Each column of the transport MACC is calculated as follows:

Width of each technology bundle on x axis:

Abatement potential volume = annual MtCO, reference i annual MtCO, abated

Height of each technology bundle on y axis:

Cost-effectiveness indicator = cost of abatement option i_cost of reference option

lifetime CO, emissions in reference i lifetime CO,
emissions with abatement option

The costs of the abatement option and the reference technology are calculated as follows:
Capital costs: the cost of a new vehicle, annualised over the lifetime

Fuel: lifetime fuel costs of operating the vehicle

Insurance in each year of vehicle life: estimated as an average for each segment

Maintenance in each year of vehicle life: estimated as an average for each segment

= == =a - -A

Operating cost in each year of vehicle life: MOT.

Total costs are discounted (see below) and summed, to give an NPV figure. The model
calculates these costs for the reference scenario. For each abatement technology selected,
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the model calculates these costs again, and takes them away from the reference figure to
reach marginal costs.

4.2 Costs over time (learning rates)

The costs of the abatement from powertrain and non-powertrain technologies' are calculated

from taking estimates of current costs by technology and applying dearningrates6 whi ch refl e
the way in which technology costs vary to reflect an increase (specifically, a doubling) in

production volumes.

For mature technologies (e.g. conventional petrol engines), the learning rate is unity
(or close to unity) as costs are no longer projected to fall as production increases. For
newer technologies which are already being deployed but in small numbers (e.g. stop-
start), the learning rate is around 0.95 which shows that costs fall by 5% as production
doubles. Learning rates for new technologies are greater (e.g. electric vehicles) at
around 0.85, which shows that costs fall by 15% as production doubles.

In the CCC transport MAC model the change in production against which the learning rates
are applied is defined by the assumed uptake rates for different technologies, which in turn
depend on which technology bundle is selected in the model. This means that the exact
profile of variation of marginal costs over time for different technologies will depend on the
specific technology bundle under consideration.

It should be noted that while in modelling terms learning is endogenous this reflects the
implicit assumption that under each set of technology bundles the broader EU vehicle market
would follow a similar path of development in terms of technology mix. Unilateral UK moves
towards adoption of lower-carbon technologies would not be sufficient to unlock the learning
effects assumed in the model (as well as being a very unlikely policy outcome).

Costs of abatement from fuel switching are captured in a similar way, comparing the costs and
emissions abated by the new fuel (electricity or biofuels) compared to the petrol or diesel
reference fuel. It is worth noting that:

91 Petrol and diesel prices (with and without taxes, see above for treatment of taxes in
different model runs) are derived from the DECC oil price following the methodology
set out in Appendix II.

1 Electricity prices in the model are domestic prices. Projections are developed using
modelling on the power sector changes in generation fuel and costs.

1 Biofuel prices are estimated crop prices*? (from which biofuels are derived). These
crop prices do not change with oil prices; this assumption may be limiting as oil prices
are likely to impact on agricultural production and crop prices.

The costs of powertrain and non-powertrain technologies by segment are presented in
Appendix V, along with estimates from the literature for comparison. The flexibility of the
model to select either private or social (economic) perspectives, the range of discount rates

" The costs in the supply side model are aidtial costs to consumers of purchasing vehicles with the

technology fitted, rather than manufacturer costs.

12 As part of the consortium commissioned to build the CCC transport supply side MAC, the consultants E4Tech
provided data on biofuels.
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and the ability to change the lifetimes of vehicles allows a wide range of costs to be produced,
according to what the user would like to estimate.

The costs used in the supply-side model, for either the low feasible or high feasible sets of
technologies, tend to be on the high side of those given in the literature. SMMT™ has also
expressed a view that some of the non-powertrain measures (particularly aerodynamics and
wei ght reduction) may not e v eavebken yreatlyaatucedatn
the design stage. Despite this, there is cost-effective, even net benefit, abatement potential
available in transport. If costs do come down below those in the model, meeting targets for
emissions reductions will be even more achievable than illustrated currently in the model; in
fact, even greater emissions reductions may be possible.

Updating costs, across powertrain and non-powertrain for all segments, will be part of ongoing
model development.

4.3 Approach to discounting

As shown in the above equation, technology costs™ are divided by the lifetime difference in
emissions; with costs measured in Net Present Value (NPV, discounted costs). When running
the MAC model, the user selects the discount rate to be used and the treatment of taxes. The
model allows flexibility in the discounting approach and discount rates used, for example:

1 A social MAC curve. NPV calculation using the social discount rate (3.5%"%) and
treating taxes as transfers (i.e. consumers face social costs, as taxes paid form
spending by government). This would represent a typical economic analysis.

1 A private MAC curve. Private capital cost annualisation using a private weighted
average cost of capital (WACC) and with taxes (i.e. consumers pay the actual retail
price including VAT). The discount rate reflects the private cost of capital, a real rate of
7.05% for passenger cars and vans; and 5.4% for HGVs. This reflects the fact that the
haulier businesses may be able to access a lower real borrowing rate than private
individuals'®. Costs in the model include taxes (i.e. the cost that consumers would
see).

Discount rates can also be used to reflect observed behaviour, rather than the real cost of
borrowing. For example:

1 Technology lifetimes are likely to differ from expected length of ownership. The vehicle
lifetime in the model is 13 years for cars, and 10 years for vans and HGVs. The
vehicle lifetimes could be change, for example, for cost calculations based on the
average length of time that individuals or companies own a vehicle, rather than its
technical lifetime. This would reflect the shorter payback period against which actual
purchasing decisions are likely to be made.

1 Also, when faced with cars with less well known technology, such as plug-in or electric
vehicles, consumers may apply a much higher discount rate than the cost of borrowing

3 50ciety & Motor Manufacturers and Traders; email correspondence with the CCC

1 All costs in the model in 2006 prices.

% This discount rate is consistent with HMT Green Book guidance.

'8 Advice on discount rates across vehicles and methodologies for discountinmravited to CCC by
Metronomica as part of the consortium commissioned to develop the supply side MAC model.
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to reflect a perceived risk (for example, the convenience or costs of repairs and
maintenance might not be well understood). The model includes a wider range of
discount rates from the literature, which are higher than the private cost of borrowing to
reflect behaviour and preferences observed in car purchasing decisions.

A menu of threshold discount rates reflecting the literature on purchase behaviour is included
in the model and can be selected to simulate behavioural barriers. These include rates of up
to 44% for plug-in and electric cars. However we do not think that these are unavoidable
provided a suitable policy framework is in place and we have therefore not focussed on these
threshold discount rates in our scenario modelling.

5. UK TRANSPORT SUPPLY-SIDE MACC MODEL: RESULTS

The transport supply-side model can be run using the same input data, and selecting different
technology bundles (or other senstivities); or using the same technology bundles and running
different input data. This section cover a range of results'” from these model runs.

5.1 Technology bundles and other sensitivities

For model results in this section, the input
projections; using reference vehicle-km data consistent with these oil price projections.

5.2 Different input data selection

Taking the technology bundles selected for the CCC inaugural report*®, we can choose to
either view a social perspective or a private perspective (in line with discount rates presented
above); or vary the input assumptions on oil prices (and the reference vehicle-km).

Social versus private perspective. When moving from a social to a private perspective, the
difference in cost-effectiveness shown in Figures 3 and 4 can be explained by fuel duties.
From a social perspective, a traditional economic approach is followed, whereby savings from
reduced fuel duty payments are losses to government in revenue. From this perspective,
technologies look less cost-effective (i.e. higher cost per unit of abatement). From a private
perspective, savings from reduced fuel duty payments are counted as private gains, such that
all the technology options look more cost-effective. Figure 4 shows that, from a private
perspective, by 2020, low emitting technology will be saving people money (assuming the
current tax regime is unchanged).

Figure 3. Marginal abatement cost curve (2020) from a social perspective

7 All model results in this section have been adjusted for rebound effects on distances travelled as discussed
above.

BekSas  NB (KS dAE f| BMOA i D ORKIR En@ elétric dadgysp stait Yanst biytotizHrigid
HGVs. Uptake rates for these technology bundles are presented elsewhere in this paper.
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Figure 4. Marginal abatement cost curve (2020) from a private perspective
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When the projected oil price increases we see a fall in the abatement potential from modelled
scenarios and a fall in the cost of abatement (see figures 5, 6 and 7).

1 Higher oil prices mean that in the reference scenario all vehicles travel fewer

kilometres (as travelling is more expensive). When technologies are applied to vehicles

in the scenarios the percentage reductions in CO,/km remain the same under all oil

prices, however CO,/km is multiplied by vehicle kilometres travelled to give total CO,
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and as fewer vehicle kilometres are travelled under higher oil prices, total CO, abated
is lower.

1 The cost of abatement falls as prices increase because costs are calculated as
incremental to the reference scenario. Higher oil prices mean higher costs of travelling
in the reference scenario. When technologies are applied, petrol or diesel
requirements per kilometre decrease so less fuel needs to be purchased. Under a
higher fuel prices the savings from applying technologies is therefore higher.

Figure 5. Marginal abatement cost curve (2020) from a social perspective with high-high oil
price projections.
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Figure 6. Marginal abatement cost curve (2020) from a social perspective with high fossil fuel
projections
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6. MODEL FLEXIBILITY AND FURTHER DEVELOPMENTS

The transport supply-side model contains a number of flexibilities, allowing a range of
sensitivities to be run. As well as updating input assumptions, model functionality can also be
developed further. In this section we briefly list the existing model functionalities which could
be used to run new scenarios and sensitivities, and the way in which we would expect results
to change as a consequence. We then list a series of areas where the model could be
improved with a view to enhance its heuristic power and policy relevance.

6.1 Existing model functionality and possible sensitivity runs

Data for modelling and flexible functionalities allows a series of scenarios and sensitivities to
be run.

Well-to-tank biofuels emissions

Biofuels are accounted for as zero emissions in the CCC scenarios. This follows standard
tailpipe accounting, plus the CCC is only to address emissions produced in the UK and the
approach avoids double-counting with emissions from biofuels frown or processed in the UK,
as other MACC models cover other sectors. However the model does include the functionality
to measure abatement from biofuels from a well-to-tank perspective. Predictably, this would
tend to make biofuels look less cost-effective, though they are already among the most
expensive options in the MACC.

Power station emissions for electricity
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Electric vehicles are accounted for as zero emissions in the CCC scenarios, though the
increase in electricity generation resulting from the charging of electric vehicles is measured
by the model and accounted elsewhere in the CCC analysis, i.e. as one of the components of
electricity demand projections. However the model has the flexibility to include emissions from
electricity generation in the calculation and test how it affects the results. Predictably, electric
vehicles tend to look less cost effective when the cost-effectiveness indicators accounts for
induced emissions from electricity generation, though they still imply a significant emissions
reduction compared to internal combustion engine technologies™.

Various discount rates, vehicle lifetimes and private and economic discounting methods
As discussed in Section 5, the model has the flexibility to change these assumptions and this
has produced some interesting results.

Scrapping policy (which would increase the number of new vehicles and potential abatement
in each year)

The model can accommodate this type of measure. The difficulty here is to define a realistic
policy (what is the overall level of incentive? What are the eligibility criteria? Etc.) as opposed
to a modelling one.

Flexibility in input assumptions

The model also offers a selection of: costs data; oil price projections; vehicle-km projections;
vehicle ownership projections; and calibration data®. Finally new technology bundles can be
defined and run through the model and all input data (including efficiency improvements) can
be updated.

6.2 Areas for further model development

Vehicle-km

Data from the National Travel Survey shows that diesel cars are driven more than petrol cars

i probably due to self-selection effects as cost savings are greater for using diesel cars for

drivers who car longer distances. Although any set of vehicle-km data can be input to the
model, the supply-sidemodel i tself doesn6t aancestamvetledf or di f f e
between diesel and petrol, which would impact on estimates of total emissions (because these

are gCO,/km which varies by diesel and petrol, multiplied by vehicle-km).

In addition, vehicle-km d o e schafge with the technology bundles selected and run through
the model?*. The model could be developed to adjust the vehicle-km (using elasticities in the
literature) to automatically take account of the distance travelled rebound effect in reaching
abatement volumes. Alternatively, this adjustment would become automatic if the supply-side
and demand side models were linked.

Costs and learning rates

Costs in the model have been set out above. Updating this input information would refine
estimates from the model.

P gee Appendix VII for details of emissions from electric cars.

% This functiondty has been added by CCC, as a separate user interface which contains sets of data of interest
and which the user can select to load into the model for use in model runs.

2 In other words, the model does not allow for an efficiency rebound effect onntisstravelled (such

rebounds are part of the demand side model). The CCC currently makasaéf adjustments for this effect.
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In addition, model functionality could be improved through changes to learning rates.
Learning rates could change through time, as a technology goes from development stages to
a more mature, commercial scale production. Currently, learning rates do not change with
time in the model.

Application of technologies to existing fleet

Some technologies, in particular low rolling resistance tyres, may be quite easily applied to the
existing fleet of vehicles as well as new vehicles. Model functionality could be improved to
include this modelling option.

Second hand markets and company cars and vans

The model currently estimates abatement from new cars, and total abatement over time is
estimated as these technologies work their way through the fleet. For all modes, second hand
vehicles are not considered explicitly. Similarly, there is no distinction between private and
company owned cars or vans.

1 Model developments in this area would depend on the need for this further nuance.
For example, the model currently allows assessment of the technological feasibility of
new passenger car emissions. Ités not <clear
know the balance between private and company owned cars in meeting the target.

1 If the supply-side model were to be joined with a demand side model (including explicit
impacts of fiscal levers, such as emissions differentiated company car tax and vehicle
excise duty) then these model developments would be more relevant to feed into
assessment of wider transport impacts of demand-side policies.
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Van and HGV segmentation

In the current model, there is no segmentation of vans. As shown by comparison with the

TNO 2006 report above, emissions abatement from technology and costs would vary by class

of van. Such segmentation could be introduced in the future. Furthermore, petrol vans are
6frozend in the model . Some variation in uptake
van modelling.

Although there is segmentation of HGVs in the model, the split by segment over time could be
updated to change through time and new data could help improve the detailed estimates of
each segment.

Disaggregation by Devolved Administration

Although some functionality in the model exists for disaggregating outputs by the four
administrations of the UK, this could be refined. This model development would depend on
improvements in available data on differences of key variables between the administrations.
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APPENDIXES

Appendix 1: Model calibration
Cars, vans and HGVs each have a dedicated stock module, which in turn is further subdivided
into vehicle segments. For each mode, the stock module consists of:

2006 actual data®, divided into the segments in the model, including number of
vehicles in each segment by first year of registration (i.e. age, up to 20 years for cars).

1

Survival rates for each model segments in each year of age (as shown in Figure Al).
Car lifetime is defined over 20 years.

Figure Al. Survival rates by age of car
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For passenger cars, 2006 data on new car emissions by SMMT segment was taken and
aggregated into the small, medium and large segments in the model. This data was then
reconciled®® with stock data which shows the split of diesels and petrol vehicles and engine
sizes; and with detailed data on efficiency by technology. The average new car emissions for
each segment is calculated from assumptions on the mix of technologies sold and the
efficiency of each technology.

2\/ehicle Licensing Statistics 2006, DT
http://www.dft.gov.uk/162259/162469/221412/221552/228052/252186/vehiclelicensing2006. pdf
% The stock model and this reconciliation were conducted by AEA Technology.
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Figure A2: disaggregation for cars from total stock to segments by size, age and

technology
UK PASSENGER CAR STOCK
(for each calendar year: 2008 to 2022)
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(SMMT categories A & B)
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For each vehicle technology,
model includes data on:

-Energy consumption and CO,
emission factors

-Costs (capital costs, operating
costs, learning rates for new
technologies)

- Activity data (annual vkm) —
derived from DfT NTM.

For each vehicle technology,
model includes data on:

-Energy consumption and CO,
emission factors

-Costs (capital costs, operating
costs, learning rates for new
technologies)

- Activity data (annual vkm) —
derived from DfT NTM.

For each vehicle technology, model
includes data on:

-Energy consumption and CO,
emission factors

-Costs (capital costs, operating
costs, learning rates for new
technologies)

- Activity data (annual vkm) —
derived from DT NTM.

Source: AEA

From this detailed bottom-up stock modelling to 2006, projections of total number of cars in
exogenous to

the UK are

t he

model ,

produced

TEMPRO? (Trip End Model Presentation Program) model, which contains detailed geography

and trip data. TEMPRO was updated in 2008 to version 5.4, including latest oil price, GDP
and the latest 2006-based population projections. These macroeconomic forecasts are all

consistent with those used by government and for other sector models in the CCC. The
TEMPRO model produces projections of households and cars per household for Great Britain.
To reach total UK car ownership, numbers of households and cars per household were

multiplied together and extended to Northern Ireland, assuming that cars per household are
the same in Northern Ireland as in Great Britain, on average.

Projections of van and HGV UK stock are produced within the supply-side transport model;
with van stock and the HGV stock each increasing at 1% per year over their 2006 levels.

For each vehicle segment in the model, total vehicles in the segment are further
disaggregated by age of vehicle, fuel type, and technology (e.g. conventional petrol; stop-start
diesel), including the efficiency of each technology, defined in terms of gCO,/km. The number

of new vehicles for each segment in the model in each year is made up of replacements for

the vehicles which have not survived between years®, plus any difference from projected UK
ownership, to reach the total number of UK vehicles by segment. In this way, the model

2% hitp://www.tempro.org.uk

% Note that the model does not include second hand vehicles.
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identifies the number of new vehicles in each segment in each year: the key data needed to
model emissions and abatement opportunities.

From 2009, the efficiency by technology is frozen (e.g. a petrol-hybrid engine in
2022 emits the same gCO,/km as a petrol-hybrid engine in 2009). This
assumption means that emissions reductions in the model come from new vehicles
taking up different technologies and through increasing use of biofuels, rather than
improvements in efficiency of existing technologies over time. The number of
technologies in the model serves to ensure that this assumption is not too limiting.
For example, if a conventional petrol engine lowers emissions through introducing
direct injection or boosted downsizing, these are actually defined as alternatives
and so are explicit in the model.

Even with the same technology, vehicle emissions can be reduced by using

different fuels. Switching to use of electricity (plug-in and electric vehicles) and to

using biofuels are included in the model®. Traditional transport
conventions count emissions from electricity and from biofuels as zero?. The

model, however, includes the flexibility to include field to tank; well to wheel; and

power station emissions when looking at abatement volumes and costs.

For vans and HGVs, there isnb6t a comprehensive s\
efficiency, as there is for cars, and | oad factor
HGV efficiency in the model is broadly consistent with the latest guidance® on gCO,/km

based on average load factors by segment.

1 Individualt ri al data has shown that there can be
efficiency and that achieved in the test cycle for cars, vans and HGVs. For vans
and HGVs, in particular, loading also impacts significantly on emissions per-km
for different journeys . For an individual trip by car,
driving could decrease miles per gallon by 13% for petrol cars and 9% for diesel
cars®, compared to test cycle results. At a national level, however, the efficiency
of vehicles and distances driven has to be matched to the actual amount of petrol
and diesel sold. Evidence from DfT suggests that if the efficiency of every car
was adjusted for the same decrease in miles per gallon to account for real word
differences over its test cycle value, then we should observe a significantly higher
volume of fuel purchases. Indeed, road transport emissions projections from the
NTM (a transport model) and the Department
Energy Model (which projects fuel demand) are within a few percentage points of
each other.

*® |t is assumed that hydrogen could not be deployed at a significant scale by 2022.

*" For electricity, if power station emissions were counted in transport, this would dezthlat the emissions

which are included in the CCC power generation modelling. For biofuels, emissions outside of the UK cannot be
counted in the UK carbon budgets and emissions from growing and production would again be counted

elsewhere in the UK. The CCC is, however, keawmhre of the sustainability issues with biofuels, and the

debate around GHG savings, which has informed recommended and modelled biofuels uptake.

®DefraHnny DdZARSt AySa (2 585FTNI Qa DID O2yOSNEA2YrsTI OG2NRY
(2008) http://www.defra.gov.uk/environment/business/envrp/pdf/passengémansport. pdf

®pefratnny DdzA RSt AySa (G2 5SFNI Q& Bpedor ttadsport SrNgsiana feictos I O 2 NA Y
(2008) http://www.defra.gov.uk/environment/business/envrp/pdf/passengémansport. pdf
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9 For the transport supply-side model, therefore, an additional uplift has not been applied
over technical efficiency figures for cars. For vans and HGVs, emissions used are
most similar to the Defra guidance on emissions per-km at average load factors®.

The exogenous vehicle-kilometre datasets by mode** have been generated by th
National Transport Model (NTM). The NTM is a multi-modal model (comprising six modes:

car driver, car passenger, rail, bus, walk and cycle) and is capable of modelling, for example,

the impacts of congestion and railover-c r owdi ng on travellersd choice
include fuel use, vehicle-km and emissions (including CO,). The NTM was run using

consistent assumptions to the rest of the transport supply-side model (e.g. TEMPRO 5.4 UK

car ownership; diesel/ petrol new car split over time) to produce a range of vehicle-km

projections consistent with different oil price projections. The NTM coverage is Great Britain

only, so the CCC uplifted vehicle-km figures by 4% to reach UK figures including Northern

Ireland.

The exogenous vehicle-km projections are modelled by mode. The CCC supply-side model
then attributes them by segment, based on the number of vehicles in the segment and the
difference in distance travelled by segment (e.g. medium cars travel 1.42 times the distance of
small cars; and large cars travel 1.77 times the distance of small cars).

®Defrasn nny Ddzh RSt Ay Soaverdich fabt@sTt idtharalogd pagEer for transport emissions factors
(2008) http://www.defra.gov.uk/environment/business/envrp/pdf/passengémansport. pdf

* NTMvehiclekilometres have been produced for a range of reference cases corresponding to different oil price
projections.
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Appendix Il i methodology for reaching petrol and diesel pump prices from oil price
projections

1 The Department for Energy and Climate Change (DECC) models and publishes forecasts
of oil prices in a range from 6l owd to O6high hi
of these oil price projections, two sets of prices are produced for transport analysis: social
costs of petrol and diesel; and private costs of petrol and diesel (i.e. forecourt pump
prices).

2 The DECC forecasts are as follows:

BERR oil price projections 2008 (2007 prices; $ / barrel)

Low Central High  High high
2008 65 5 85 90
2009 85 68 85 99
2010 45 65 85 107
201 45 66 86 116
2012 45 66 &7 124
2013 45 67 88 133
2014 45 67 89 141
2015 45 68 90 150
2016 45 68 N 150
2017 45 69 92 150
2018 45 69 93 150
2019 45 70 M 150
2020 45 70 95 150
2021 45 71 96 150
2022 45 71 97 150

3 The DECC forecasts are deflated to 2006 prices (consistent with all costs in the CCC
modelling) and converted into £ per barrel, using a long-term trend exchange rate of $2/£1.

Social costs of petrol and diesel

4 Social costs relate only to the value only the marginal resource cost, that is, net of any
taxes, transfers and fixed costs. Estimates are reached through a bottom-up
methodology, starting with the wholesale market price (commodity cost) of oil from the
DECC forecasts. Additional non-fuel variable costs are then factored in. The generic
equation, produced by DECC, is as follows.

g(S?B = CommodityCost+ NonQilCost- FixedCostl

D
SB = Value of social benefit

Qd = unit of demand

CommodityCost = Wholesale price (Pw*) Crude Oil per brl (input from DECC model) * litres of oil

produced per brl after refining stage to infer real oil cost * Uplift for real oil cost
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NonCoalCost = exogenous input

Fixed Cost = exogenous input

5 The social costs of petrol and diesel are therefore calculated in pence per litre, by taking
the commodity cost (litres of fuel per barrel of oil, plus a real world uplift of 15%), plus non-
oil costs, less fixed costs®. This methodology is followed for super unleaded and premium
unleaded petrol with results for each weighted by use to reach a value for petrol. The
percentage of super unleaded in petrol used rises from 5% in 2007 to 10% in 2030.

Private costs of petrol and diesel

6 The private costs of petrol and diesel being from taking the commaodity cost (litres of fuel
per barrel of oil, plus a real world uplift of 15%), plus non-oil costs; then add in real duty,
before that cost is uplifted by 17.5% to include VAT. As with the social cost, the petrol
private cost is reached through weighting super unleaded and premium unleaded together.

32 All the values for this calculation have been supplied by DECC
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Appendix Il i uptake rates for selected technology bundles (powertrain)

The charts presenting uptake rates for cars and HGVs are averages across all segments in

the model (i.e. uptake rates for cars are taken from uptake rates for small, medium and large

cars together; similarly the HGV uptake is a weighted average across rigid and articulated

HGVs of different weights).
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Uptake rates for vans i_stop start (low feasible) technology bundle
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Appendix IVi uptake rates for selected technology bundles (non powertrain)

Uptake rates for cars i_non powertrain (low feasible)
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Appendix Vi Technology costs comparison
i Powertrain

Costs for cars and vans powertrain technologies in the supply-side model can be
compared to estimates in the TNO 2006 report®.

U The costs, however, are not directly comparable, firstly because of the slightly
different range of technologies considered; and secondly because the TNO
2006 report compares against 2002 models; whereas all the supply-side model
costs are compared against a conventional petrol engine. For diesels in
particular, this makes comparisons difficult as the cost difference between a
conventional petrol and a diesel fitted with a new technology is much greater
than the difference between a 2002 diesel model and one fitted with a new
technology (even if the actual final costs are the same).

U The supply-side model and the TNO 2006 report both disaggregate estimates
of powertrain technologies by passenger car segments (small, medium and
large; petrol and diesel). All these segments are compared in the tables below.

U All TNO 2006 report figures have been converted from Euros, using a rate of 1

Euro = £0.80.
SMALL CARS CCC MODEL TN O 2006 REPORT
Marginal Cost compare to conventional petrol |compare to 2002 equivalent
low feasible  high feasible |Range across technologies
1st Generation advanced petrol engine £391 £89
2nd Genenration advanced petrol engine £345 £199
Reduce engine friction; DL, downsize
with turbocharge £32 £312
Stop/start - 1st gen petrol engine £496 £194
Stop/start - 2nd gen petrol engine £451 £305
stop start £176
stop start + regen braking £412
Micro-hybnd - 1st gen petrd engine £847 £545
Micro-hybrid - 2nd gen petrol engine £802 655
Mild hybrid (motor assist) £720
C onventional diesel engine £355 £356
Reduce engine friction; downsizing £32 £128
Stop/start - diesel engine £460 £514
stop start £144
stop start + regen braking £380
Micro-hybrid - diesd engine £776 £776
Full hybrid (electric drive capablity) £1,680
Electric £13,292 £8,861

#TNO, IEEP, LAT 2006. Review and analysis of the reduction patedtists of technological and other
measures to reduce G@missions fronpassenger cars. Final Report.

36



37



