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Executive Summary

This report provides new evidence and understanding on why there is a growing gap
between the official fuel consumption and CO, emissions of new passenger cars and vans
and that which is achieved by the same vehicles on the road. It demonstrates that the
current (NEDC) test is outdated and unrepresentative of real-world driving and current
vehicles, and that lax testing procedures are allowing carmakers to manipulate the official
tests to produce unrealistically low results. The report also shows that the current
supervision of testing and checks on production vehicles (to ensure these are equivalent to
tested vehicles) are inconsistent and inadequate, with manufacturers paying the
organisations undertaking and certifying the tests. The conclusion is that the current system
for measuring car and van fuel economy and CO, emissions is not fit for purpose and is in
need to urgent updating.

Why representative, robust fuel economy and CO, emissions data from vehicles are
essential

Providing reliable information about the fuel economy of cars helps drivers choose models
with lower running costs. Having accurate tests of vehicle carbon dioxide (CO,) emissions is
essential to enable governments to levy the correct level of vehicle taxes and ensure
regulations to reduce emissions from new cars are effective.

All drivers know that it is usually impossible to achieve the official manufacturer fuel

efficiency figures, and for some individual models the real-world emissions are now 50%

higher than the test results. The gap between official test results and typical real-world

driving performance is also growing. In Germany, the gap has increased from 7% on

average in 2001 to 23% in 2011 and consequently only half the anticipated improvement in

fuel economy (of 1 I/ 100km) has been achieved on the road. For drivers, this is adding

around 02,000 to the fuel c 0st ata frorh Gerntamy isvehi cl €
supported by other studies from the Netherlands and Switzerland. The growing gap is

leading drivers to become increasingly distrustful of official data on fuel economy, making

them less likely to consider buying a more fuel efficient vehicle.

Three reasons why the gap is growing

There is no evidence that the growing gap is caused by changes in the way cars are used
and driven. Instead, the evidence shows three principal causes:

1. The current test is unrepresentative of real-world cars and driving. Much of the
technology introduced to improve efficiency of cars is far more effective in the test than on
the road. For example, technology to switch off the engine when the vehicle is stationary is
very effective during the test when the vehicle is stationary for 20% of the cycle.

2. Cars are also increasingly fitted with energy-guzzling accessories like air-
conditioning, navigation and media systems, heated-seats, etc. This equipment is not
switched on during the test and by omitting the energy consumed, the official test results are
lowered.

3. The current (NEDC) test procedures to measure CO, and fuel consumption are
outdated and lax and contain many loopholes that carmakers are increasingly exploiting to
lower the results.

Mind the Gap! | Page 5



How carmakers manipulate test procedures

A substantial body of evidence, including a new expert study for the European Commission,
shows the many ways carmakers are able to manipulate test results. By creative
interpretation of the test procedures carmakers are able to achieve multiple small
improvements that lower the test results as illustrated in the Figure.

The test comes in two main parts - a road load test and a laboratory test - and the results of
both can be manipulated. During the road load part of the test, the air and rolling resistance
of the car is measured and the results used during the subsequent laboratory test. In the
laboratory test the car is driven on a rolling road through a test cycle comprising a series of
accelerations, steady state driving and decelerations. Fuel economy and CO, emissions are
measured throughout the test. The results of the road load test are used to set the
resistance of the rolling road (how difficult it is for the car wheels to turn the rollers).

- Theroad load test

When the road load test procedures were drafted 30 years ago, no-one expected carmakers
to adjust the brakes, pump up the tyres, and tape up all the cracks around the doors and
windows to reduce the air and rolling resistance. These practices are how commonplace,
with testing facilities being paid to optimise the results of the tests. There is no evidence that
carmakers are breaking any formal rules - b ut t hey dontba currem dedt
procedures are so lax there is ample opportunity to massage the test results.

Testing undertaken by an independent laboratory has found that for older vehicles, road load
results in realistic tests T e.g. using regular production vehicles - were on average 19%
higher than the results obtained in official tests. For more modern vehicles the average
difference was 37%, supporting other evidence that the manipulation of the road load part of
the test is increasing. These differences would result in around a 12% reduction in measured
fuel economy.

In the US, Hyundai-Kia were found to have not conducted the road load test fairly. Several
manufacturers in Europe have been successfully challenged over unfair advertisements
using official test results.

- Inthe laboratory

Results are also being polished up in laboratory tests by, for example, allowing the battery to
discharge during the test; minimizing the weight of the car; using special lubricants that are
not supplied with the production vehicle and testing in unrealistically hot temperatures. Once
the results have been compiled the current procedure also inexplicably allows the CO,
results declared by the manufacturer to be up to 4% below the measured results.

Independent laboratory tests, using the official drive cycle but with regular production
vehicles and without using all the loopholes in the rules, show on average 12% higher fuel
consumption and CO, emissions than official figures reported by the carmaker. In total, the
independently executed tests lead to 19-28% (average 23%) higher CO, emissions and fuel
consumption than the official figures reported by carmakers. About half of this is explained
by differences accruing from the road load testing, the other half comes from differences in
the laboratory testing. This is the same level as the average gap between official test figures
and real-world fuel consumption observed in Germany.
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How much are falling official CO, emissions the result of manipulating tests?

The extent to which manipulation of the tests has contributed to the improvement in official

CO, figures has been estimated by consultants for the European Commission. They

conclude around 30% of the net CO, emission reduction between 2002 and 2010 does not
result from technology depl oyment and that nut
fifths to one half of the net CO, emi ssi on reduction between 2002
detailed findings, the causes of the current gap can be estimated to be:

About 25% due to flexibilities in the laboratory test

25% i 35% due to flexibilities in the road load test

10-20% due to omissions from the test (like air conditioning systems)

10-20% due to the NEDC cycle being unrepresentative

10-20% from unknown causes.

Too oo oo Too Too
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Disconnecting the alternator prevents the
battery from charging, and reduces energy use.

Common ways carmakers manipulate tests
for CO2 emissions and fuel economy

Using higher gears can allow the engine to
operate more efficiently than normal.

LABORATORY

Carmakers can optimise the engine controls

to reduce emissions.

LABORATORY

Careful lubrication and use of special lubricants
help the car run more efficiently.

LABORATORY

Altering wheel alignment
reduces rolling resistance

Fitting special tyres
with a lower rolling
resistance.

Overinflating the
tyres reduces
rolling resistance

road is
programmed
with the
minimum

=] weight or

A inertia class.

Laboratory instrumentation

LABORATORY

TEST

Optimising the test drive &
Ambient conditions

LABORATORY

Taping over indentations or protrusions on
the body reduces aerodynamic drag.

Taking advantage of test
tolerances and Adjusting the
results Header

Mind the Gap!

Pushing the brake
pads fully into the
callipers reduces
rolling resistance.

CO, results
declared by the
manufacturer
can to be up to 4%
below the actual
test results.

LABORATORY
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Four key steps to deliver robust fuel economy and CO,emission data

There are four key steps to address the current distortion of car fuel economy and CO,
measurements in official tests and ensure the system is robust and fit for purpose:

1 New rules should be quickly introduced to close the biggest loopholes in the current
(NEDC) test procedures. This should be followed by re-testing of all current production
vehicles using the revised procedures to ensure official figures are a better reflection of
actual CO2 and fuel economy information. Re-testing should be completed by the end of
2014 to ensure 2015 regulatory targets for new car CO, levels cannot be distorted by
manipulating test results. In parallel, the European Commission should ensure there is much
greater consistency in the way that National Type Approval Authorities and Testing Services
undertake and certify official tests and checks on new production vehicles.

2 A new test cycle and testing procedures should be introduced in 2016. The World
Light Duty Test Cycle (WLTC) is under development and is expected to be finalised in 2014,
providing a modern credible alternative to the current NEDC system. This should be done in
a way that ensures the new cycle is representative of typical average driving in the EU and
that vehicles are tested under representative conditions, including switching on during the
test all equipment such as the lights, air conditioning, etc. The new system should provide
much greater transparency on how tests have been undertaken and calculations performed.
A parallel system of tests on production vehicles should ensure that there is no deviation
between official test results and those achieved in official (type approval) tests. The
automotive industry has been pressing for, and developing the new test, but is now arguing it
should not be used until 2021! This is in part because the new test cannot be manipulated to
the same extent.

3 By 2020, a new system for type approval of vehicles should be introduced to ensure
certifying and testing bodies are entirely independent of carmakers. This should include
specific consideration of establishing an EU-wide Type Approval Authority that would then
sub-contract testing services to accredited national organisations. This is needed because
the current supervision of testing and checks on production vehicles (to ensure these are
equivalent to tested vehicles) are inconsistent and inadequate, with manufacturers paying

the organisations undertaking and dligesandfypei ng

approval authorities competing for business.

4 In order to restore consumer confidence, the car labelling directive should be
reviewed on the basis of the US model that communicates the best possible estimate of real-
world fuel economy.

Concluding comments

The system of regulating carmakers to ensure they achieve progressive improvements in
fuel economy and CO, emissions of new cars is, on the whole, effective and well designed.
But the existing system for measuring the performance of individual cars is not fit for purpose
and needs to be updated. By doing this, drivers will achieve fuel economy similar to official
data restoring trust and encouraging the shift to fuel efficient cars.

Currently carmakers are misleading their customers by promoting fuel efficiency figures that
they know will not be achieved. Carmakers are also cheating policy-makers by manipulating
the official tests and producing vehicles that only achieve regulatory targets during the test -
not on the road where the fuel is burnt and emissions occur. An updated system will ensure
vehicle taxes linked to official CO, data will be more effective in driving the shift to more fuel
efficient models. This will support EU regulations requiring cars and vans to become more
efficient and less polluting that are currently (2012/3) being considered by the European
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Parliament and Council. If loopholes are not closed, the environmental and the wider
economic benefits of the regulation will be much smaller than would be expected.
Specifically, less jobs will be created, the increase in GDP from less oil spending will be
lower and oil imports will be higher, worsening balance of payments. Greenhouse emissions
will not be reduced as forecast.

The regulatory pressure to reduce new car CO, emissions and the significant tax breaks on
cars with low CO, test figures are all providing an incentive for carmakers to manipulate
official test results. The poor oversight of official tests is allowing this to happen. Evidence
indicates the full range of test flexibilities are not yet being exploited and the manipulation of
official data will continue to increase, unless policy-makers act and implement the four
recommendations detailed above.
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1. Introduction

The CO, emissions caused by a conventional car are directly related to its fuel efficiency.
Cars with lower running costs therefore also produce less greenhouse gases. Having
accurate information about the fuel economy and CO, emissions of cars is essential both to
help drivers choose more fuel efficient models, and to ensure regulations designed to reduce
emissions of greenhouse gases from cars and vans are effective.

This report considers why official data about car fuel efficiency and CO, emissions differ so
widely from the experience of drivers on the road. It explains the reasons for the growing gap
between official measurements and the real-world fuel efficiency achieved by drivers.
Specifically the report presents a range of evidence to show the ways carmakers manipulate
official tests and proposes a range of solutions to address current inadequacies in the tests,
testing procedures and approval arrangements.

1.1 Measuring real -world fuel efficiency

There are a range of factors that affect the fuel efficiency of vehicles driven on the road, so
the same car can deliver very different results in different conditions or with different drivers.
Notable causes are that:

A Drivers drive differently

A Traffic conditions vary

A Different people use their cars in different ways
A People maintain their cars differently.

Given the wide range of factors that influence car fuel efficiency, different individual drivers
will achieve widely varying fuel efficiency. The average fuel consumption of a typical driver is
however substantially more (by around 25%) than the official tests suggest. Most drivers find
it impossible to achieve official figures in any circumstances and are finding that the gap
between official figures and their real-world experience is growing (see Section 2). The
official tests systematically overestimate fuel efficiency and underestimate CO, emissions
and Annex 1 explains why changes in driving conditions cannot account for this growing

gap.

The large and growing gap between official fuel test re sults and average real
world driving is not caused by the way cars are used and driven, but because
the official test is totally unrepresentative of typical driving and the results are
being artificially lowered by manipulating testing procedures.

1.2  Official measurements of fuel efficiency

Official data about car CO, emissions and fuel economy are derived through laboratory
testing to ensure results are repeatable. The laboratory test is a simulation that is supposed

to (but doesndtt rcaialr emadlyd trredfl feicc condi ti

roaddé (chassis dyn aesmissiens ad fuel effiniehcy tark measli@d over
the test for a fixed series of accelerations, steady speed driving, and decelerations
collectively known as a drive cycle. Many such drive cycles exist, intended to mimic a wide
variety of driving conditions. The EU uses a test cycle originally established in the 1970s to
test for emissions of pollutants such as nitrogen dioxide in urban areas. Carbon dioxide
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emissions and fuel consumption (calculated as a simple function of the CO, and other gases
emitted) were subsequently added to the procedure. The NEDC test is old, outdated and
was not designed to measure representative fuel efficiency and CO, emissions, so it is no
longer an appropriate tool for current purposes. A new test is under development (the World
Light Duty Test Procedure or WLTP) as part of a scheme to harmonise global testing
procedures and is expected to be finalised in 2014.

A credible laboratory test must produce results comparable to the performance experienced
by Otypical o drivers on t he road and be
manipulated by carmakers to distort the results. There should also be an adequate system of
approvals to ensure that the tests are conducted fairly and appropriately. This report
demonstrates the current system fails on all counts. Although the inadequacies of the current
NEDC drive cycle are part of the reason test values are unrealistically low compared to
typical real-world driving, they do not fully explain the discrepancies, and in particular why
the gap is growing.

1.3 The policy context

Whilst the issues outlined in the report are highly technical they also underpin the framework
of EU and national policies designed to both improve vehicle fuel efficiency and reduce CO,
emissions from cars and vans. The evidence, findings and recommendations are of key
significance for both policymakers and motoring and consumer organisations seeking to
encourage supply of genuinely more fuel efficient vehicles. The policy measures
underpinned by the official fuel and COFfigures include:

1 Regulation 443/2009 that requires carmakers to reach a sales weighted average of
130g/km of CO, emissions for all the new cars sold by 2015. The European
Commission has recently proposed to extend this regulation to achieve 95g/km on
average by 2020.

1 Regulation 510/2011 that requires van manufacturers to improve fuel economy and
reduce COF emissions according to a similar model. The European Commission
recently completed its review of the proposed 2020 target, recommending that the
existing target of 147g/km be retained.

9 Directive 1999/94/EC that requires Member States to ensure that information on the
fuel economy and CO, emissions of all new passenger cars offered for sale or lease
in the Community is made available to potential buyers. This is intended to help car
buyers make an informed choice about fuel economy.

1 National policies designed to encourage more fuel efficient vehicles including levels
of circulation and purchase taxes; grants for ultralow carbon vehicles; and
exemptions for road charging and access restrictions, are all based on the official EU
figures for COFemissions (ACEA, 2012).

The inadequate tests of COF and fuel economy are resulting in policies designed to reduce
CO; emissions from vehicles being much less effective (by approaching 25%) than they
should be. They are also leading to lower revenues from vehicle taxes and cheating drivers
of the fuel cost savings they expect to achieve from choosing more fuel efficient cars.

The inadequate testing regime also runs the risk that drivers will increasingly distrust the

official data on fuel economy or ignore it, making them less likely to consider buying a more
fuel efficient vehicle (Lane and Banks, 2010). In short, if the problems of the current testing
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regime are not addressed, then all of the policies listed above will be under threat, and their
aims will not be realised.

1.4  This report

This report examines the evidence of and reasons for the widening gap between test and
real-world fuel economy measurements and the solutions to address this:

1 Section 2 summarises the substantial and growing body of evidence that shows the
gap between official and real-world test results is growing and the reasons for this.

1 Section 3 focuses on how the official tests are undertaken and the ways in which
they are being systematically manipulated by carmakers seeking to achieve the best
possible results in the tests without applying in full the new technology that would
deliver real improvements on the road. This includes the results of testing undertaken
for T&E to demonstrate the scale of the effects.

9 Section 4 draws conclusions and outlines the policy actions that need to be taken to
strengthen the type approval process, and stop the manipulation of the tests in order
to produce reliable and representative official test results.

Mind the Gap! | Page 13



2. The gap between official tests and real world fuel

efficiency

A substantial body of evidence shows that the disparity between official test results and real

world fuel economy is large and growing. The strongest evidence is from technical studies

and | arge databases of o6real wo r lofinewef care &re e c o n 0 Im
already aware that the fuel efficiency stated in the sales literature, and elsewhere, bears little

resemblance to that measured using dashboard instruments or by routinely checking

mileage against fuel receipts.

The discrepancy between real-world fuel consumption and that from official tests has been
recognised for many years. National annual fuel consumption has, in the past, typically been
5-15% greater than that calculated using official fuel consumption figures for vehicles and
annual mileages driven. More recently the gap has grown on average to more than 20%, is
continuing to grow, and can be considerably more for individual vehicles.

2.1 The widening gap between test results and real -world experience

The evidence of a widening gap between officially-tested fuel consumption and real-world
driving experience is extensive, with the strongest evidence from two large databases of
real-world fuel consumption data.

Spritmonitor

Spritmonitor is a German website that enables users to record their mileages and amounts

of fuel purchased, providing an ongoing record
With over 300,000 vehicles and approximately 4.5 billion vehicle kilometres of distance

driven within the database, it is a comprehensive record of real world fuel consumption for a

wide range of vehicle models and model years. Although the data are self-reported it is

possi bl e thenmandrenioeeautliérs to produce a reliable and representative dataset

of real-world fuel efficiency.

The ICCT (Mock et al, 2012) examined the gap between real-world and test data from 2001
to 2010 model years. The database represents around 50% of the annual car sales in
Germany and is highly representative. Figure 1 illustrates the percentage by which real-
world CO, emissions exceed test values for a range of selected models and variants over
the period 2003 to 2011. It illustrates a divergence of real-world CO, emissions from the
published test values over the past decade. In the early years of the decade a gap of more
than 20% was almost unknown, whereas more recently, they become commonplace and
excesses of emissions of even 50% are now found. Figure 2 illustrates how this gap is
growing on average. Between 2001 and 2010 average emissions of CO, as reported to
Spritmonitor declined by 13g/km, but the official test figures show emissions declining by
27g/km. The gap has grown from 7% on average in 2001 to 23% in 2011 and is still growing.

Half the offi cial improvement in CO 2 emissions reported in tests has not been
reflected on the road. If the gap had not widened drivers would now be
EOOUUOPOT wYdkarvrhyYYOOwOl UUwi Ul GuiueEold OT wd O

'!Assumes 20, 000km per year and a fuel price of al.7/ a
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Figure 2: Comparison of average real world and official test results for Germany
(derived from Mock et al, 2012)

The gap has grown at around 1% per year since 2002 and is continuing to grow. By 2020,
the trend suggests an average car achieving 95g/km of COF on paper? would emit 124g/km
on the road.

By 2020, the current trend indicates the average car will consume more than
1 I/200km more fuel on the road than the official test results. This will cost the
UaxDEEOwBHpetHWEa U UU wz

> The target in the proposed 2020 Regulation is for an average car to achieve 95g/km
*Assumes 20, 000km per year and a fuel price of
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The TNO Travelcard Survey

Similar data were obtained in the Netherlands by the engineering consultancy TNO
(Ligterink and Bos, 2010) that compared real-world fuel consumption obtained from
corporate fuel cards (known as Travelcard) with official fuel consumption data. The sample is
representative of company fleet car users, rather than private drivers, but the extensive
database provides a detailed snapshot of real world fuel use over 18 months. Ligterink and
Bos show (in Figure 3) that only a small proportion of drivers achieved the fuel economy that
matched official test data, but on average the actual economy was around 18% worse, and
in extreme cases could be more than 40% worse. Indeed, the number of drivers
experiencing an adverse discrepancy of more than 40% was almost as great as the number
who achieved a fuel economy as good as or better than the test results.

petrol
diezel

number of drivers

L
a0 (Lo 130 144r 160

Real-world performance as a
% of the test-cycle value

Figure 3: Distribution of test to real-world fuel economy (Ligterink and Bos, 2010)

This evidence from Germany and the Netherlands is backed up by other studies from across
Europe pointing to a large and growing gap between actual and tested fuel economy. The
most important of these are summarised in Annex 2 and all point to similar conclusions.

2.2 Reasons for the growing gap between test results and real -world
driving

There are three main elements that are known to contribute to the gap between official fuel
efficiency test results and real-world performance. These are:

1. Differences in driver behaviour and real-world road conditions
2. Deficiencies in the official test cycle that does not reflect typical driving conditions
3. Loopholes in the test procedure. These in turn fall into two areas:
o lnaccuracies in the ¢éroad | oadd test to det
resistance of the car
0 Loopholes in the test procedure measuring the CO, emissions and fuel efficiency on
the testbed

The variability of real-world driving conditions was outlined in Section 1.1. Average real-

world driving conditions are reasonably consistent over time, and cannot therefore account
for the large increasing gap between official tests and real-world data. Indeed, some
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evidence in Annex 1 suggests that road conditions may actually have improved in recent
years.

Deficiencies in the test cycle contribute to the widening gap 7 but cannot account for the
entire variation. Notably the test cycle hasnot
with real-world driving is getting wider. Part of the reason for the widening gap seems to be

that manufacturers are increasingly deploying technology to improve the efficiency of cars

that produce a big improvement in official tests but much smaller difference when the car is

used on the road (such as stop-start technologies that switch off the engine when the vehicle

is stationary). During the official NEDC test the vehicle is actually stationary for around 4

minutes or 20% of the test. Stop-start technology therefore has a considerable benefit in the

test, but much less in average driving.

The current NEDC test also does not require the vehicle lights to be switched on during the
test, neither must the air conditioning or heating system or other auxiliary power
requirements like the radio, heated seats, etc. Steven (2005) found that on a small car with a
simple air conditioning system, the difference in running the test with the AC off or on was
over 37%. With a larger car and a more sophisticated system, with strong solar insolation,
the difference reached 53%. Schmidt and Johannsen (2012) similarly found an increase in
CO;, of 15 or 16% with all electrical equipment turned on. These results are not
representative of typical motoring, but they do illustrate that the influence of electrical
equipment is important.

In practice optional equipment is fitted to vehicles because there is a demand and of course
people make use of it. Whilst drivers do not run their cars with the air conditioning and other
electrical equipment on all of the time, it is in use some of the time and it is clearly
unreasonable and unrepresentative to entirely ignore these loads in the testing. Failing to
account for this equipment in the tests makes a large difference in the results, and efforts
should be made to reflect this fairly in a future test procedure.

Evidence of the causes of discrepancies between test and real-world driving are provided in
detailed data from the ADAC analysed by the ICCT and described in detail in Annex 2. The
analysis concludes that part of the divergence between the ADAC tests and the official
NEDC tests arise from the way the official tests are being undertaken. Other reasons
include: the absence of high speed motorway driving in the NEDC test; and the failure to turn
on air conditioning systems in the NEDC test.

The ICCT conclude that the gap between official test and other datasets has been increasing
mo st notably since 2007 a n dy cauld abe attfibutedc e asi ng
manufacturers increasingly exploiting existing flexibilities for road load determination, shifting
strategies of automatic gear boxes, and by applying dedicated calibrations for the type-

approval pr ocedur appréval R&emission alues pypegploiting existing
flexibilities in the test procedures is cheaper than applying technical measures to reduce
COFemi ssions. 0 This is explained in greater det ai
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3. Key weaknesses in EU test procedures

Section 1.2 explained that to compare the performance of different cars reliably, a
repeatable laboratory test method is required since real-world driving conditions are too
inconsistent. Historically it has also not been possible to measure exhaust emissions
accurately from a moving vehicle, and it would also be difficult to reproduce the speeds and
accelerations required in the test cycle accurately and reliably even on a test track. Instead,
therefore, vehicles are tested under laboratory conditions.

To be credible, the laboratory test method must be able to produce a result that is broadly
comparable to the performance experienced by typical drivers on the road. The evidence
presented in Section 2 demonstrated that the current test clearly fails this requirement.
There are many ways in which the current test is unrepresentative including those outlined in
Section 2.2.

Some aspects of the emissions test procedure are very tightly specified and the
measurement technologies used are increasingly accurate and reliable. However, a number
of other aspects that can affect the test results are much less tightly specified if they are
specified at all. It has long been understood that some of these amount to loopholes that
could be exploited to give a more favourable CO, test result. Now the evidence strongly
suggests that these loopholes are being exploited more vigorously and systematically in
order to produce favourable test results.

This also suggests that there is insufficient independent scrutiny of the way the tests are
being carried out to ensure that they are done fairly and consistently.

3.1 How vehicles are tested and  approved

Laboratory tests

Vehicles are tested in a | aboratory using
emissions and fuel consumption measured throughout the test for a fixed series of
accelerations, steady speed driving, and decelerations collectively known as a drive cycle
(Figures 4 and 5). The vehicle is driven through the test with the drive wheels turning rollers
rather than the vehicle physically moving. A resistance is applied to the rollers to simulate
the resistance of the vehicle when it is moving. This is because, as the vehicle is stationary,
the rolling road cannot accurately reflect aerodynamic drag caused by air passing over and
around the vehicle at speed.

Modern chassis dynamometers are accurate and reliable machines, as increasingly is the
equipment used to sample the exhaust gases. That means that these aspects of the test
have arguably improved significantly in recent years and add little if any inaccuracy to the
results. However, the chassis dynamometer needs to be programmed with the weight or
inertia of the vehicle in order to simulate acceleration and deceleration realistically, together
with energy |l osses as the vehiclebs tyres
turns. These factors taken together make
load value then has to be programmed into the rolling road in order to allow it to simulate a
real drive over the test cycle for the vehicle in question.
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Figure 4: Laboratory Vehicle Test*

Road load measurement

Road load is a measure of the amount of energy that is required to maintain a vehicle
moving on the road at a particular speed. There are various means of calculating the road
load, but the commonest and simplest is known as a coastdown test. This involves
accelerating the test vehicle to speeds up to 120 km/h on a test track, shifting the drive into
neutral and then timing how long the vehicle takes to coast down by every 20 km/h interval
until it comes to a standstill. The deceleration gives a measure of the aerodynamic drag,
rolling resistance and mechanical losses within the car. The times and distances measured
are then translated into the road load value curve which is programmed into the rolling road.

While the coast down test is an integral element of the overall test procedure, and the road
load figure that emerges from this test has a critical effect on the final emissions figures that
are produced as public information, details of the road load results themselves remain
confidential in the EU. Road load values are not publicly available because manufacturers
claim that this is commercially sensitive information. Failure to publish this information
makes it harder to replicate the results obtained, and makes the road load value difficult if
not impossible to verify independently. In the US road load data is made publicly available
and there is no reason for the information to be secret in the EU.

T&E has accumulated evidence (Section 3.4) that shows the results of the road load tests
are being systematically manipulated by carmakers to ensure the results are too low. These
artificially low results mean that during the laboratory tests the rollers are set with too little
resistance, making it easier for the vehicle to turn the rollers and causing an under-
estimation of the true fuel consumption and CO, emissions.

The test cycle

The official drive-cycle that is used in the EU is the New European Drive Cycle (NEDC),
which was originally established in the 1970s in order to test for emissions of regulated
pollutants such as nitrogen dioxide in urban areas. Carbon dioxide emissions and the fuel
consumed during the test (calculated as a simple function of the CO, and other gases
emitted) were subsequently added to the procedure. The NEDC test is now old and

4 Image courtesy of TNO
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outdated, and was not intended originally for the measurement of fuel efficiency and CO,
emissions. That is, it is no longer an appropriate tool for the official measurements that are
needed in current circumstances.

The accelerations, decelerations and braking patterns of the NEDC are shown in Figure 5.
The test takes 20 minutes to complete, and the bulk of this is made up of four repetitions of
the so-called Urban Drive Cycle, consisting of a series of gentle accelerations, some very
short periods of steady-state driving, and decelerations back to stationary. The final part of
the test is an Extra-Urban Driving Cycle, which takes the vehicle in stages up to a maximum
speed of 120 km/h.
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Figure 5: The NEDC drive cycle

The test is not a good representation of modern driving conditions. For example, the
maximum speed attained in the urban part of the cycle is only 50 km/h, and the vehicle is
allowed 26 seconds to reach this speed through gentle acceleration, whereas even a modest
family car can now typically reach twice that speed in half the time. The extra-urban cycle
does reflect somewhat higher speeds, but again the accelerations are nothing like those
experienced in a modern car; the top speed of 120 km/h is still well below the sort of speed
that is normal on some roads; and the car only holds this speed for a matter of seconds
before decelerating rapidly back to a halt. The vehicle is in fact stationary for one fifth of the
entire test duration.

A new test cycle and test procedures (the WLTP) are under development and will address

many, but not all, of the current limitations. Further information on this is presented in

Section 4. Zallinger and Hausberger (2009) argue that a better understanding of the full

range of representative driving styles and conditions across Europe is needed. As against

this, Schmidt and Johannsen (2012) show that the US (FTP) and Japanese (JCO08) test

cycles already include much more rapid accelerations and transient operations than the

NEDC,as does the EUG6s own Artemis (CADC) <cycle t|
analysis demonstrates that these cycles produce higher CO, results that are more
representative of real-world driving & so an improvement on the current cycle is already

shown to be possible.
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The system of approving fuel efficiency measurements

In the EU, both fuel economy and CO, emissions are measured as part of the Whole Vehicle
Type Approval process®. This system ensures that all vehicles sold in the EU meet minimum
regulatory, technical and safety requirements. Type-approval tests are usually performed on
prototype (pre-production) sample vehicles rather than actual production vehicles that are
sold. Once type approval is granted for one vehicle model it can also be extended to similar
models of the same manufacturer i in order to reduce the costs of obtaining type-approval
for different models. For CO, emissions this means that a vehicle can be type approved if it
is believed the emissions are no more than 4% higher than those tested on the pre-
production vehicle. No actual testing of similar models is then required. The EU legislative
system is designed such that once type-approval is granted it cannot be withdrawn (except
for serious non-compliance cases) and must be accepted in Member States throughout the
EU.

Since type approval is not usually performed on actual production vehicles, the carmaker
must be able to demonstrate the performance of production vehicles is similar to the tested
vehicle. This is done through demonstrating O6conformity
consistency between the production and type approved models. Conformity of production
allows some differences and tolerances between prototype and full-production vehicles.

In the EU, type approval and conformity of production must be assessed by an independent
body. Each Member State appoints an Approval Authority and a Technical Service to ensure
that testing complies with the requirements of the Directives and Regulations. In many
countries, the same organisation performs both roles, thereby creating a potential conflict of
interest. Since type approval can be undertaken anywhere within the EU (and once approval
is issued it must be accepted in all Member States) there is competition between Approval
Authorities and Technical Services throughout the EU for the business of type-approving
vehicles and auditing to ensure the conformity of production requirement (since
manufacturers will be charged for providing the type-approval services). The need to win
business from vehicle manufacturers calls into question the independence of testing and
approving authorities in the way they perform tests, and represents an obvious incentive for
authorities to generate test results that are advantageous to the clients. This is considered
further in Section 4.

3.2 10 ways carmakers manipulate laboratory test results

Whilst some aspects of laboratory tests are highly defined, others are not. Furthermore,
some of the test requirements are totally unrepresentative of real-world driving. The ways in
which carmakers can manipulate laboratory test results have been reviewed recently by
TNO for the European Commission (Kadijk et al, 2012) and this has highlighted a wide range
of flexibilities as illustrated in Figure 6 below.

*Under the O6Whole Vehicled framework Directive
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Common ways carmakers
manipulate the laboratory test

Using higher gears can allow the engine to
operate more efficiently than normal.

Disconnecting the alternator prevents the
battery from charging, and reduces energy use.

Carmakers can optimise the engine controls
to reduce emissions.

Careful lubrication and
use of special lubricants
help the car run more
efficiently.

The rolling road is
programmed with the
minimum weight or
inertia class.

CO, results declared by the
manufacturer can to be up to 4%
below the actual test results.

Pushing the brake pads fully into the callipers
reduces rolling resistance.

Setting the lab temperature
close to the max. 30°C
gives lower results as the
engine runs better

Specially trained drivers or The instrumentation
robots drive in ways that can be adjusted _
minimise the demands on slightly to give
the engine. better results .

Figure 6:
Key ways in which it is known manufacturers are able to manipulate laboratory test results
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Key ways in which it is known manufacturers are able to manipulate laboratory test results
include:

1. Allowing the battery to discharge during the test

Recharging the battery creates a significant extra load on the engine and
consequently a significant increase in fuel use and carbon dioxide emissions. A fully
charged battery is used during the test and does not need to be recharged during the
short test. Test engineers can avoid the use of additional power to recharge the
battery during the test by disconnecting the alternator or other means. The influence
of the battery state-of-charge (SOC) on the COF emission was part of the
investigation by TUV Nord (TUV, 2010). They tested an extreme difference between
a fully charged starter battery and an almost depleted one over the NEDC cycle. It
was found that especially for small passenger cars the difference can amount to up
to 30%. During real-life situations the SOC of the battery will almost never be this
low, so this result is illustrative at best. However, it shows that the battery SOC has a
significant influence on the overall COF emissions.

A more subtle loophole to reduce the test result is to ensure that testing commences
with a fully charged battery, by using external recharging throughout the soak period
(a period prior to the test when the vehicle is left standing in the laboratory so that the
temperature of all its components can equalise with those of the ambient air).
Compared to a partially discharged battery this can reduce the official test result by
around 1% according to Kadijk et al (2012).

2. 6Adjustingd the brakes

Even when the brakes of a car are not being applied, there is usually some contact
and friction between brake pads and discs. This will increase the resistance of
turning the wheels and thereby increase the energy required to carry out the test,
raising the CO, emissions and fuel consumption. By pulling back the brake callipers
as far as possible the friction can be reduced or removed, thereby reducing the
energy required to power the test vehicle over the test cycle. Although this makes the
test more repeatable it is also entirely unrepresentative of real world conditions as
this cannot practicably be done on the road.

3. Losing weight
Even vehicles of the same model can vary quite a bit in weight, according to engine
size, trim, optional extras and other equipment. It is nonetheless allowed to
programme the rolling road with the barest minimum weight of the most basic
version, with everything that can be taken off or taken out removed. Schmidt and
Johannsen (2012) argue that instead of the very lightest possibility, the worst case
(i.e. heaviest) variant of each model should be reflected in the test.

A further advantage can be obtained through minimising the weight of the vehicle by
utilising a loophole in the way rolling roads (chassis dynamometers) in the past used
to work. Historically these were mechanical devices to which physical weights were
added to increase the inertia of the rollers to the correct road load setting. Vehicles
were therefore grouped into inertia classes to reflect the weights available, and the
procedures were written to accommodate this. Modern chassis dynamometers do not
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use weights and can be programmed with the exact inertia weight of the vehicle, but
the procedures still allow the historical classification. ICCT (2012) found that a test
vehicle was five times more likely to be located just below an inertia class step than
above it. Thi s fconspicuous di stribut
abusing the legacy of the old measurement system when the correct setting could
have been programmed into the (now electronic) chassis dynamometer. Schmidt and
Johannsen (2010) concluded that reduced road load setting on the dynamometer
always gave rise to lower CO,, by at least 2% and up to 11% in one case i and this
was only from reflecting tolerances in the road load setting on the dynamometer. A
reduction in vehicle mass of 110kg (one inertia class) can save 2 i 2.5% on the test
results.

Testing the car at a high temperature

A normal engine warms up faster and runs better at a higher temperature, thereby
using less fuel and producing fewer emissions. The regulations specify that the test
must be conducted at an ambient temperature of between 20 and 30°C. This range
is unrepresentative of typical temperatures in the EU (where average temperatures
are below 10°C). Carmakers ensure tests are undertaken at the top end of the
allowable temperature range (say, 29°C). The effect of testing at a soak temperature
of 29°C compared to 20°C will be to reduce the test result by around 1.5% to 2%,
although Kadijk et al (2012) estimate that only about half of this potential has so far
been utilised. Schmidt and Johannsen (2012) argue that the permissible temperature
range should be greatly narrowed to perhaps 23-27°C. More representative and
realistic test results could be achieved by changing the test temperature to 15°C as is
now widely advocated.

Oiling it up

The lubricant used in the engine and other moving parts are not specified as part of
the test protocols, allowing carmakers to use special super-lubricants just for the
purpose of the testing. These lubricants are optimised to reduce any internal friction
to an absolute minimum and thereby minimise energy use and emissions. The
lubricant used is usually impractical or prohibitively expensive for use in ordinary cars
on the road and therefore the performance achieved is unrepresentative.

Playing to the cycle

As the test cycle is not very demanding, carmakers can optimise their engine controls
to keep emissions performance under test conditions to a minimum. Furthermore,
since the cycle consists of 20% idling (which is much higher than in real life), the
benefits of start/stop systems (designed to improve efficiency by stopping the engine
when the car is stationary) have been exaggerated by the test. Zink and Hausner
(2010) estimate that this gives a benefit of around 4-5%, much more than in typical
driving.

Optimising the test drive

The NEDC, as amended by Directive 98/69/EC, defines certain tolerances on the
driving curve to allow for human error in not replicating the prescribed drive cycle (as
shown in Figure 5) exactly. That is, any deviation of the test drive from the prescribed
target speed curve described above must not exceed £2 km/h or £1.0 seconds. CO,
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emissions can be improved if specially trained drivers or robots make full use of
these tolerances to further reduce the demands on the engine. Compared to a test
driven exactly to the target cycle, optimisation can achieve 1% -1.5% lower CO,
emissions.

8. Amending the gear shift schedule

Gear number and change point are pre-defined in the NEDC cycle. However, some
flexibilities exist which allow the use of higher gears that may reduce COFemissions,
For example, it may be possible to use the 2" to 5" gears only. Higher gears may
allow the engine to operate more efficiently and reduce power losses in the
drivetrain. In combination an overall benefit in CO, of around 6% is estimated to be
possible according to Kadijk et al (2012), depending on the vehicle. As yet however,
they argue that very little of this potential has been taken up.

9. Laboratory instrumentation
The legislation specifies the accuracy and tolerances for a range of instrumentation
used during the test. Laboratory calibration documents are provided to the
certification authority during the type approval process. It is, however, possible to
utilise the tolerances available to gain a CO, benefit of about 2% or possibly more.

10. Adjusting the results
Once the tests have been completed, the test procedures inexplicably allow the CO,
results declared by the manufacturer to be up to 4% below the actual results from the
tests. Needless to say, manufacturers often take advantage of this allowance to
artificially reduce the emissions that they declare i although Kadijk et al (2012)
estimate that only about half of the full 4% on average has so far been taken up.
Hence there is still scope for further flexibilities to be deployed in the future.

3.3 10 ways carmakers manipulate the road load test

There is a considerable body of evidence that confidential road load data is also being
systematically manipulated to enable the rolling road on which the vehicle is tested to have
less resistance. For example, Zallinger and Hausberger (2009) found that 12% of the CO,
reduction that they were able to achieve was accounted for by lower road load figures when
they exploited some of the 6flexibilitiesd avail

Known manipulations of the road load test are illustrated in Figure 7 and significantly extend
the distance over which the vehicle will coast, and thereby reduce its road load values.
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Common ways to carmakers manipulate the road load test

Careful lubrication and use of special Taping over indentations or protrusions on
lubricants can help the car go farther. the body reduces aerodynamic drag.

Pushing the brake pads fully into
the callipers eliminates rolling
resistance.

Altering wheel alignment
reduces rolling resistance

Fitting special tyres
with a lower rolling
resistance.

Overinflating the
tyres reduces rolling
resistance

Removing anything Test tracks at high altitude The test

that adds weight or and with warm weather results can be
o drag will help the conditions get better test ‘adjusted” after

car coast further. results. the test

Figure 7:
Specific manipulations of the road load test
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Specific manipulations of the road load test include:

1. Removing all optional extras
Clearly anything that adds weight or drag to the vehicle will cause it to coast down
more quickly. By removing standard and additional features (such as fitted-as-
standard roof rails, additional lights, and even the nearside wing mirror) better results
are obtained. Schmidt and Johannsen (2012) a
and best-equipped variant of a model) should be used for the coastdown test, rather
than a stripped down version.

2. Overinflating the tyres

Anyone who rides a bicycle will know that it goes farther and faster when the tyres
have been pumped up hard. The same applies to cars, so a test vehicle will roll much
farther when the tyres are pumped up as hard as possible. This practice is not
specifically excluded in the test procedure, in spite of the fact that it would be
dangerous to drive a car in this condition on a real road. Steven (2005) and Zallinger
and Hausberger (2009) all argue that manufacturer standard tyres and approved
pressures should be mandated for the coastdown test, whereas currently only the
tyre width is specified.

3. Optimising the wheels and tyres to minimise rolling resistance
Since a final choice of tyres and wheels has often not been made at the time of the

type approval, it is easy to perform the test using tyres with a lower rolling resistance
than those that will typically be fitted to production versions of the same vehicle. For
example, optimising wheel and tyre specification to increase rolling radius by 5% will
change the test result by about 2%.To overcome this difficulty, Smeds and
Riemersma (2011) propose that manufacturers could be required only to fit tyres on
production vehicles that have the same or lower rolling resistance as the tyres used
on the coastdown tests. They also point out that the allowable tread depth on test
tyres is less than the average found on the roads, and that this should be amended
accordingly.

4. Realigning the wheels and adjusting the brakes

Smeds and Riemersma (2011) note that wheel alignment is an important determinant
of a vehicle’s ability to coast, but the setting on a production car is a trade-off
between good handling and road-holding against the ability to coast. In mass
production vehicles the alignment is adjusted quite tightly to the specifications, but if
the manufacturer actually specifies a much wider tolerance band in its formal
specifications, this opens the way for the wheel alignment to be altered to a setting
giving better coastdown results. Reducing overall rolling resistance by 20% in this
way would reduce the official test result by around 3%.

As on the chassis dynamometer, pushing the brake pads back fully into the callipers
can eliminate quite a lot of rolling resistance and help the car to roll farther, although
it would of course be impractical to do this on the open road as the benefit is lost as
soon as the brakes are next applied.
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5.

Improving the aerodynamics

Anot her practice that i's gquestionabl e,
aerodynamics of the test vehicle and thereby reduce the effect of aerodynamic drag
in slowing it down. This is reportedly done by carefully taping over every indentation
or protrusion in the vehicle body, and in particular sealing the radiator grille and the
cracks around all the doors and windows and the seams between other body panels
and parts (Smeds and Riemersma, 2011). Cars could not practically be used in this
state and the practice is therefore entirely unrepresentative of real-world driving
conditions.

Improving the lubrication

Even during coastdown, the wheels and parts of the transmission continue to rotate
and this adds to the road load. As on the chassis dyno, this can be reduced by
careful lubrication and special lubricants.

Extending the running-in period

How far the vehicle has been driven by the time it is tested will influence the results
of the coastdown test because a well run-in vehicle will coast farther. The regulation
states AThe vehicle shall be in nor ma
been run-in for at least 3,000 km. The tyres shall be run-in at the same time as the

~
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the minimum possible friction losses in the engine and vehicle. Some manufacturers
may choose to run the test vehicle in over a much longer distance for example. The
benefit will vary but Kadijk et al (2012) estimate that reductions in the official CO,
measurement of 5% are possible, of which very little has been exploited to date.

Use a sloping test track with a smooth surface

Clearly a dead flat and dead level test track is the only fair basis on which to conduct
a coastdown test. However, procedures only specify that any slope on the track must
not exceed 1.5%. Test tracks are often designed with precisely this degree of slope,
although it is possible using modern methods to create a test surface that is much
more level than this. The test must be completed in twice in opposite directions, but
Zallinger and Hausberger (2009) point out that the simple averaging method that is
used to combine the two results is technically incorrect and still favours results
obtained on a sloping track.

TNO (2012b) in their recent work revisiting road load results remark on the question

of slope that iThe procedure does prescribe that

opposite directions to cancel out any wind effects, but does not contain an obligation
to run the test in two directions on the same piece of road or on roads with opposite
s | o p e s 0is corrett and Is iindeed being exploited as a loophole, then it plainly
makes a mockery of the idea of a fair
The effects of performing the coast down test on a sloped test track would be
sufficient to explain the major difference found between type approval road loads and
the current experiments. o0

Zallinger and Hausberger (2009) also suggest that test track surfaces may be
optimised to improve road load values, as a smoother surface reduces the rolling
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resistance of the vehicle relative to what it would be on a normal road surface.
Indeed, the proprietors of one commonly-used test track (Applus IDIADA, 2012)
proudly proclaim that they have achieved improved emissions and fuel economy
figures of between 3.1 and 4.7% since they resurfaced their track in January 2009.

The rules do not currently specify the quality of the test track surface in any detalil,
but it would be both possible and reasonable to require a test surface more
representative of normal road conditions.

9. Ambient conditions
Test tracks at high altitude with very warm weather conditions produce better
coastdown results because current correction factors do not fully account for the
reduced air resistance that results. The majority of coastdown tests in Europe are
conducted at the Idiada test facility in Spain that benefits from this type of conditions.

10. Taking advantage of test tolerances
The test procedure allows for certain
be applied such that the road load values programmed into the rolling road can be up
to 5% lower in the upper speed range (120 km/h to 40 km/h) and 10% lower in the
lower speed range (20 km/h) than those obtained on the coastdown test. These
allowances could be reduced or removed entirely and would increase the measured
CO, by about 1%.

As with the laboratory instrumentation, there are other permitted tolerances in the road load
measurements that can be exploited to reduce the CO, emissions. Exploiting these
allowances could lower the official COF results further. In general, a 1% change in the total
coast down time will affect the CO, measured by about 0.25%. Kadijk et al (2012) estimate
that the use of flexibilities in the coastdown procedure currently accounts for approximately
5.5% reduction in the stated COF emissions values on average, and that this could increase
further in the future.

3.4 Results of road load testing

The Dutch Ministry of Infrastructure and the Environment and the European Climate
Foundation contracted TNO (2012b) to investigate the extent to which manipulating the road
load test would affect official test results. The road load curves of six modern passenger car
models (Euro 5/Euro 6) and two older variants (Euro 4) of the same models were measured
using a realistic preparation of the vehicle and the results compared to the road load settings
used for the type approval (TA) as obtained from the certification agency. The results of the
tests are summarized in Figure 8 expressed as a Road Load Ratio (RLR) that illustrates the
di fference between the official road | oad
realistic tests.
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Figure 8: Ratio of type approval and real world road load test results of all tested vehicles
(TNO, 2012b)

The realistically-measured road loads were found to be substantially higher than the official
road loads used in the type approval. In particular at low speeds the road load differences
were up to 70%. The weighted realistic road load settings of the two older (Euro 4) vehicles
were on average 19% higher than the settings of the type approval road load curves. The
weighted real world road load settings of the more recent (Euro 5 and Euro 6) vehicles were
on average 37% higher than the settings of the official road load curves. This suggests that
in recent years the test has been increasingly manipulated and is likely to contribute to the
widening gap between test and real-world results.

TNO also conducted tests to assess the impact of different road load curves on the
measured fuel consumption and CO, emissions from the subsequent laboratory tests.
Chassis dynamometer tests using the NEDC test cycle were carried out both with official
road loads and with the realistic road loads derived from the new coastdown tests. Figure 9
shows the results of the TNO laboratory test using the road load settings from the official test
(blue diamonds); and TNO test results using the new and more realistic road load settings
(red squares). On average, without manipulating the laboratory tests, the CO, results were
12% higher than the type approval (TA) values (with a range of 8% 1 14%). Manipulating
both the road load test or the laboratory tests the average CO, emissions were 23% higher
than the TA values (with a range of 19% - 28%). The results indicate that the manipulation of
the official tests is lowering the official test results by around 11.5% each in both the
laboratory tests and the road load tests.
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