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EXECUTIVE SUMMARY

Official average carbon dioxide (CO,) emissions of new passenger cars in the European
Union declined from 170 grams per kilometer (g/km) in 2001 to 123 g/km in 2014. During
the period 2001-2014, the rate of reduction in CO, emissions per kilometer increased
from approximately one percent per year to approximately four percent per year. A
direct cause of that improvement was the introduction of mandatory CO, fleet targets,
in place of voluntary commitments, in 2009. Despite concerns expressed then about the
feasibility of the mandate, Europe’s automakers met the 2015 target of 130 g/km two
years ahead of schedule. Today, in 2015, manufacturers are on track to meet the 2020/21
target of 95 g/km. However, that simple summary of vital progress in transportation and
climate policy, while accurate, leaves out some crucial details.

As our series From Laboratory to Road has made clear over the past three years, in
reality, CO, emissions from passenger cars in everyday operation have not declined as
much as these official statistics would seem to indicate, which has become a subject of
rising concern. This study, which updates the From Laboratory to Road series for 2015,
demonstrates that the trend has not improved — on the contrary, the gap between
real-world and official values continues to increase.

The EU vehicle efficiency regulations rely on results obtained from certification tests,
also called type-approval tests, conducted in vehicle testing laboratories and not on
the road. For fleet CO, emission targets to be effective, laboratory test results should
translate accurately into real-world performance. Increasingly, evidence shows that they
do not.

A technical definition of real-world driving is elusive because of variations in vehicle
types, driving behavior, and driving conditions. Nonetheless, in aggregating data on
almost 600,000 vehicles from eleven data sources and six countries, this study reveals
a clear trend over time: the divergence (or “gap”) between real-world and official CO,
emissions increased from approximately 8 percent in 2001 to 40 percent in 2014 (see
Figure 1). Each data source used for the study includes a unique set of vehicles and
drivers, so estimates of the divergence of real-world from official values vary among
them. However, the increase in the gap cannot be explained based on driving behavior
or differences between the data sources, but is instead a result of increasingly unrealistic
type-approval values.
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Figure 1. Divergence between real-world and manufacturers’ type-approval CO, emissions for
various real-world data sources, including average estimates for private cars, company cars, and all
data sources.

This 2015 update investigates the reasons why certification testing is returning unrealistic
type-approval values. Four key factors were identified (see also Figure 2):

Road load determination. In setting up vehicle certification tests in the laboratory,
coefficients for road load are used to characterize the forces (mainly aerodynamic drag
and rolling resistance) that a car needs to overcome as it is driven on the road. These
coefficients are determined through a series of coast-down tests on an outside track.
There are a number of aspects of this road load determination procedure that offer
vehicle manufacturers potential for exploiting tolerances and flexibilities. These include
tire selection and preparation, selection of the test track, ambient test conditions, and
pre-conditioning of the vehicle, among others. It is estimated that about one-quarter of
the overall gap observed in 2014 is explained by exploitation of tolerances and flexibili-
ties in the methods required by the EU regulation for determining road load.

Chassis dynamometer testing. The chassis dynamometer permits a vehicle to be
“driven” while remaining stationary (by placing the vehicle on rollers) and simulates road
load. Under the EU regulation, there are a number of “loopholes” that can potentially be
exploited by vehicle manufacturers during chassis dynamometer testing. These include
break-in periods for the test vehicle, tolerances regarding laboratory instruments, the
state of charge of the vehicle’s battery, special test driving techniques, and use of pre-
series parts that are not representative of production vehicles. The analysis indicates that
vehicle manufacturers have found ways to optimize chassis dynamometer type-approval
testing over time, which at the same time made it less representative of average real-
world driving conditions. As a result, the impact of chassis dynamometer testing flex-
ibilities on the divergence between type-approval and real-world CO, emissions today is
estimated to explain more than half of the overall divergence observed.

Technology deployment. Certain technologies, such as stop-start systems and hybrid
powertrains, have a different effect on CO, emissions in the type-approval procedure
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than they do during real-world driving, because of specific characteristics of the driving
cycle used in type-approval testing that differ from typical everyday vehicle operation.
It is estimated that about one-tenth of the gap in 2014 is explained by an increasing
market share of those technologies.

Other parameters. Operating equipment such as air conditioning systems and entertain-
ment systems increases fuel consumption during real-world driving. Nonetheless, these
devices are either switched off or are not fully taken into account during the type-
approval emissions test, leading to unrealistically low CO, emission values. This factor is
estimated to explain about another one-tenth of the gap in 2014.

1
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Figure 2: Estimate of the reasons for the divergence between type-approval and real-world
CO, emission levels for new passenger cars in the past as well as in the future, with and without
introduction of the WLTP (for details, see Stewart, Hope-Morley, Mock, & Tietge, 2015).

The growing divergence between real-world and official CO, values is important for
all stakeholders:

» For an average consumer, the divergence translates into increased fuel costs on the
order of €450 per yeat.

» For society as a whole, the divergence weakens efforts to mitigate climate change
and reduce fossil fuel imports into the EU. It is estimated that less than half of the on-
paper CO, emission reductions in recent years translate into real-world reductions.

» For governments, the divergence compromises the tax system, undermines
incentive schemes intended to promote clean vehicles, and may lead to a
misallocation of public funds. For example, in the Netherlands, the loss in tax
revenues may amount to as much as €3.4 billion per year.

1 Because CO, emissions and fuel consumption are directly proportional, any discrepancy between type-approval and
real-world CO, emissions translates into an equivalent discrepancy in nominal and real-world fuel consumption.
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» For car manufacturers, the divergence puts those that want to report realistic CO,
emission values at a competitive disadvantage. Unrealistic type-approval values also
have the potential to damage manufacturers’ credibility and may erode consumer
and regulator trust in the entire industry.

The driving cycle currently used in type-approval testing in Europe, the New European
Driving Cycle (NEDC), was not developed to measure fuel consumption or CO, emis-
sions, and it is not well-suited to determining those values. Changes to the type-approval
procedure are needed to ensure that more realistic results are reported. The European
Commission plans to implement the new Worldwide Harmonized Light Vehicles Test
Procedure (WLTP) in 2017. With its dynamic test cycle and more rigorous test procedure,
it is expected to reduce the divergence from a projected 49 percent in a 2020 business-
as-usual scenario (i.e., continued type-approval testing using the NEDC) to about 23
percent (Figure 2).

But the WLTP is not a silver bullet, and a substantial gap between type-approval and
real-world CO, emissions is expected to remain for a number of reasons. For one,

the WLTP fails to address some of the shortcomings of the NEDC, such as the way
auxiliary vehicle equipment is handled during tests. Furthermore, the WLTP is expected
to introduce new “loopholes”, which will not be fully understood until its deployment.
Despite the fact that these future developments are difficult to quantify, even with
introduction of the WLTP, the divergence level is estimated to increase to about 31
percent in 2025 (Figure 2).

Care should also be exercised in converting NEDC-based targets, such as the 95 g/
km target for 2020/21, into WLTP targets. The 2020/21 target of 95 g/km CO, in NEDC
equals about 100-102 g/km CO, in the WLTP. Allowing for a higher conversion factor
would essentially reward the exploitation of unintended flexibilities in the NEDC and
would thereby risk undermining the efficacy of introducing the WLTP.

Looking ahead, it is recommended to introduce in-use conformity testing of CO, emis-
sions from vehicles as a necessary complement to the type-approval laboratory test. For
conformity testing to be effective, it will be important to test randomly selected produc-
tion vehicles, with testing conducted by independent bodies. In addition, new vehicles
should also be tested on-road during real-world driving, making use of portable emission
measurement systems. The European Commission has recently moved in this direction
on air pollutant emissions with the Real-Driving Emissions (RDE) test procedure — an
approach that in the future should be extended to CO, emissions from passenger cars.
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1. INTRODUCTION

The European Union (EU) was one of the first regions in the world to introduce manda-
tory limits on carbon dioxide (CO,) emissions from new passenger cars. These limits
were set in the context of an overarching EU policy to reduce total greenhouse gas
(GHG) emissions by 80 to 90 percent from 1990 levels by 2050 (European Commission,
2011). When the 2015 new car fleet target of 130 grams per kilometer (g/km) of CO, was
adopted in 2009, there was considerable controversy as to whether it could be met in
time. As it turned out, the annual CO, emission reduction rate increased from 1 percent
before the introduction of CO, standards to 4 percent after the introduction of the regu-
lation and the 2015 target of 130 g/km was met two years in advance (Zacharof, Mock,
& Tietge, 2015). Vehicle manufacturers are now on their way to meeting the 2020/21 CO,
emission target of 95 g/km.

CO, emission standards are a key contribution to the EU-wide efforts to mitigate climate
change and provide multiple benefits to vehicle owners and the general public. Since
carbon dioxide emissions and fuel consumption are directly proportional, CO, reductions
also mean significant fuel cost savings for consumers as well as reduced oil imports into
the EU. In addition, the continuous research and implementation of new, clean technolo-
gies creates and sustains jobs in the EU (Summerton et al., 2013).

Official vehicle CO, emission values are determined in a chassis dynamometer laboratory
through an emissions type-approval test. The framework conditions for emissions type-
approval testing are specified by the New European Driving Cycle (NEDC). This approach
should in principle ensure that manufacturers certify their vehicles in a reproducible
manner and that all vehicles are held to the same standard. However, to achieve real CO,
emission improvements, reductions in the level of emissions measured in the laboratory
through type-approval testing must translate into reductions under “real-world” driving
conditions. The terms “real-world” and “on-road” are used here to describe the everyday
experience of vehicle owners. Driving styles and conditions vary widely, rendering elusive a
precise technical definition of real-world driving. Nevertheless, aggregating large datasets
reveals clear trends in the real-world performance of cars.

The International Council on Clean Transportation (ICCT) began to investigate the
divergence (or “gap”) between real-world and official CO, values in 2012 (Mock, German,
Bandivadekar, & Riemersma, 2012). In collaboration with other institutes and organiza-
tions, the report series From Laboratory to Road was continued in 2013 and 2014 (Mock
et al., 2013; Mock, Tietge, et al,, 2014).

The 2012 report analyzed real-world data on 28,000 vehicles and found that the diver-
gence had grown from about 7 percent in 2001 to 21 percent in 2010, with a significant
increase observed since 2007.

The 2013 report, prepared by the ICCT, the Netherlands Organization for Applied Scientific
Research (TNO), and the Institute for Energy and Environmental Research Heidelberg
(IFEU), included more data sources, with data for almost 500,000 vehicles. The results
echoed the findings of the 2012 report, noting the significant increase in the gap since
2007 for various vehicle segments and the dataset as a whole. The report also presented
results for individual manufacturers and investigated the differences among them.

In 2014, the ICCT continued to collaborate with TNO and IFEU and added new data
sources, including car magazines and leasing companies. The report provided further
insights into the development of the gap by analyzing data trends for individual vehicle
models, where the introduction of new model redesigns was found to be associated with
sharp increases in the divergence.
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This year’s report continues and extends the research from previous years. With
nearly 600,000 vehicles from six countries and eleven data sets (see Figure 3), the
report offers the most comprehensive dataset to date. The report pays particular
attention to the reasons for the growing gap, including shortcomings in the current
type-approval procedure.

NUMBER
SOURCE OF ENTRIES
Germany Spritmonitor.de 122,350
LeasePlan
AUTO BILD

auto motor und sport

United honestjohn.co.uk
Kingdom WhatCar?/

NETHERLANDS

&

Emissions Analytics

Netherlands Travelcard

Cleaner Car Contracts

S Spain km77.com 220
Sweden auto motor & sport 550
Switzerland Touring Club Schweiz 350

Figure 3. Map of Europe, indicating the data sources used for this report.

As in previous years, our analysis makes use of the law of large numbers: while driving
behavior and driving conditions vary, the mean of a dataset this large approximates
average real-world conditions. Figure 3 illustrates this effect based on Spritmonitor.de
data: while some users experience a particularly high or low divergence, the vast major-
ity of entries cluster around a central estimate. In addition, any bias in data should be
consistent over time and will not affect trends. The figure also shows a clear shift toward
a higher divergence between real-world and official CO, values for more recent years?.

2 The entire Sprtimonitor.de dataset (build years 2001 to 2014) was updated in this report, thereby adding new vehicles
to the dataset and updating fuel consumption values for existing vehicles. Annual averages therefore changed slightly
compared to last year’s report.
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Figure 4: Distribution of the divergence between Spritmonitor.de and type-approval fuel
consumption values, comparison for the years 2001, 2011 and 2014.

Since fuel consumption and CO, are directly related (nearly all of the carbon present
in the fuel is converted to CO, during combustion), the report uses fuel consumption
and CO, interchangeably, while results and graphs are presented in CO,. Similarly,
“official” and “type-approval” are used interchangeably to describe the NEDC results.
The divergence for different data sources was calculated as the difference between
real-world and official values, expressed as a percentage of the official figure. While
previous From Laboratory to Road reports employed sales-weighting for some data
sources, fleet averages were consistently calculated as the unweighted arithmetic
mean in this 2015 update.

The remainder of the document is organized in four parts. In Section 2, we analyze the
different data sources and calculate estimates of the divergence between real-world and
type-approval CO, emission values. In Section 3, we compare the results from different
data sources and discuss trends, while Section 4 takes a closer look at the underlying
reasons for the growing divergence. Lastly, Section 5 summarizes the findings and
provides policy recommendations.

100%
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2. DATA ANALYSIS

2.1. SPRITMONITOR.DE (GERMANY)

Data type On-road, user-submitted

Data availability 2001-2014, approximately 9,000 vehicles per build year

Fuel consumption data, entered by vehicle drivers into a publicly

L G G available online database

Fleet structure, Mostly private cars, urban and extra-urban driving, some information on
driving behavior driving style
Description

Spritmonitor.de® is a web service that allows users to track their fuel consumption.
Anyone can register for free, select a vehicle model and configuration, and enter data
on fuel consumption and distance travelled. The reported fuel consumption values are
publicly accessible. More than 300,000 users are registered on Spritmonitor.de.

As Spritmonitor.de relies on user entries, consumer attitudes and driving behavior
affect reported fuel consumption values. On the one hand, Spritmonitor.de users may
pay close attention to fuel consumption and may drive in a more fuel-conserving
manner. Spritmonitor.de data may thus provide a conservative estimate of real-world
fuel consumption and underestimate the divergence of real-world and official fuel
consumption figures. On the other hand, consumers who are particularly skeptical

of manufacturers’ claims or frustrated with their vehicles’ performance may be more
prone to use a service such as Spritmonitor.de. This bias could lead to an overestima-
tion of the divergence between real-world and official fuel consumption values. In any
case, even if the data are biased in either direction, this bias should be consistent over
time and should not affect the trends in the divergence between Spritmonitor.de and
official fuel consumption values.

Information on the self-reported driving style of Spritmonitor.de users provides some
evidence that systemic biases in the user base are unlikely. In addition to fuel consump-
tion data, users can provide additional information on their driving style, with options
including economic, balanced, and speedy driving. Users indicate that 77 percent of all
distance covered is driven in a balanced manner, while economical and speedy driving
account for 13 and 11 percent respectively. These proportions are fairly consistent over
time, though with a slight increase in economical and speedy driving, and a correspond-
ing decrease in balanced driving. While this data does not provide definitive evidence on
the attitude and behavior of Spritmonitor.de users, it points to a balanced driving style
among Spritmonitor.de users.

Methodology

Anonymized data on approximately 200,000 passenger cars manufactured between
2001 and 2014 was acquired by the ICCT from Spritmonitor.de. For each vehicle, informa-
tion on the vehicle manufacturer, model, build year, fuel, engine power, and transmission
was given. Data on total mileage and total fuel consumption was also provided, from
which the real-world fuel consumption figures were calculated. In contrast to the previ-
ous From Laboratory to Road report (Mock, Tietge et al., 2014), the dataset now includes
all available Spritmonitor.de entries and is not limited to select manufacturers®. Only data

3 See http://www.spritmonitor.de. The complete data set used for this analysis was acquired in April 2015.

4 In 2014, data was only cqllected for the following brands: Audi, BMW, Citroén, Fiat, Ford, Mercedes-Benz, Mini, Nissan,
Opel, Peugeot, Renault, Skoda, smart, Toyota, Volvo, and VW.
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for passenger cars was included in the analysis, while data on car-derived vans (e.g., VW
Caddy) and non-car-derived vans (e.g., VW Transporter) was excluded.

The analysis of Spritmonitor.de data included rigorous outlier detection. After filtering
data for missing values, each model variant® with fewer than five Spritmonitor.de entries
was removed from the dataset. This removal of uncommon model variants allowed

for outlier detection to be performed at the model variant level. The outlier detection
process then involved removing entries outside of the thresholds defined by Peirce’s
criterion for each model variant with more than five entries®. After filtering for complete,
valid passenger car entries and removing outliers, approximately 122,000 entries of the
Spritmonitor.de dataset remained. The model variants in this dataset represent more
than 90 percent of passenger cars sold in the German market. As Spritmonitor.de users
continuously enter new fuel consumption data and new outlier detection methods were
employed, results may differ slightly compared to previous reports.

Spritmonitor.de data was used to estimate the divergence between real-world and
official fuel consumption values by calculating the difference between the two figures,
expressed as a percentage of the official fuel consumption value, for each entry. In con-
trast to the previous From Laboratory to Road report, results were not sales-weighted to
be consistent with the methodology for the other data sources’. A detailed discussion of
the representativeness of Spritmonitor.de data can be found in the 2013 From Labora-
tory to Road report.

Results

As shown in Figure 4, the average divergence between Spritmonitor.de and official fuel
consumption values increased from 8 percent in 2001 to 37 percent in 2014. In recent
years, the divergence has been growing at an increasing rate.

Upon closer inspection, Spritmonitor.de data suggests that the divergence between
real-world and official fuel consumption data varies among fuel and transmission types.
Diesel vehicles started exhibiting a higher divergence than gasoline vehicles after 2010
(see Figure 4). Since then, the difference between the two fuels increased from one to
five percentage points. Reliable data for hybrid electric vehicles (HEVs) has been avail-
able since 2010 and now includes approximately 1,800 entries from 2010 to 2014. With
values ranging from 39 to 45 percent, HEVs consistently exhibit a higher divergence
than conventional internal combustion engines. The number of plug-in hybrid electric
vehicles (PHEVs) registered on Spritmonitor.de was too low (approximately 400 entries)
to provide a reliable estimate of the performance of PHEVs.

5 A model variant is here defined as a unique combination of vehicle manufacturer, model, build year, fuel, engine power,
and transmission.

6 For a description of Peirce’s criterion and its application, see Ross (2003).
7 The difference between the sales-weighted and simple mean was less than 0.02 percent in 2014.
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Figure 5. Divergence of Spritmonitor.de from manufacturers’ type-approval CO, emissions by fuel
type (pie chart indicates the share of vehicles per fuel type in the data set for 2014).

Figure 5 shows the development of the divergence between real-world and official

fuel consumption values for manual and automatic transmission vehicles. Since 2007,
automatic transmission vehicles exhibited a higher divergence than manual transmission
vehicles. The disparity between the two transmission types has been increasing and
reached 7 percentage points in 2014.
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Figure 6. Divergence of Spritmonitor.de from manufacturers’ type-approval CO, emissions by
transmission type (pie chart indicates the share of vehicles per transmission type in the data set
for 2014).
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Due to the considerable number of Spritmonitor.de entries, it is possible to further sub-
divide the dataset by vehicle segments and manufacturers/brands. Figure 6 shows the
divergence between Spritmonitor.de and official fuel consumption values for a number
of vehicle segments®. Small, lower-medium, and medium-size vehicles account for the
majority of vehicles in the dataset and thus closely track the market trend. Vehicles in
the upper medium segment consistently lie above the market average divergence, while
the opposite is true for off-road and sport utility vehicles (SUVs). Lastly, the mini seg-
ment historically exhibited a higher divergence than the market, but recently dropped
below the market average. Despite these nuances, each segment shows a clear upward
trend in the divergence between Spritmonitor.de and official fuel consumption values

over time.
50% 50% 50%
45% 45% 45%
40% 40% 40%
Lower
35% 35% 35% Medium
ALL ALL ALL
30% 30% 30%
Mini
25% 25% 25%
20% 20% 20%
Small
15% 15% 15%
10% ’ 10% ' 10%
5% 5% 5%
0% 0% 0%
2000 2005 2010 2015 2000 2005 2010 2015 2000 2005 2010 2015
50% 50% 50%
45% 45% 45%
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Figure 7. Divergence of Spritmonitor.de from manufacturers’ type-approval values by vehicle
segment (pie chart represents the share of vehicles per segment in the data set for 2014).

8 Vehicle segments defined as: mini (e.g., smart fortwo), small (e.g., VW Polo), lower medium (e.g., VW Golf), medium
(e.g., VW Passat), upper medium (e.g., Mercedes-Benz E-Class), off-road/SUV (e.g., BMW X5).
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Figure 7 shows the development of the divergence between real-world and official fuel
consumption values for different manufacturers and brands. As technical characteristics
and driving behavior may vary across different vehicle segments, comparisons of brands
that operate in similar markets generally prove most even-handed.

BMW’s divergence in real-world CO, emissions strongly increased between 2006 to
2008, at the same time that EfficientDynamics technology packages were introduced

in many of their new vehicles.® These packages include fuel-saving technologies such as
stop-start systems and aerodynamic improvements, among other features.” However, in
recent years, the growth in the divergence between official and real-world CO, emissions
has slowed down for BMW. While still above average (38 percent), the development

for BMW is now closely tied to the market growth rate in the divergence. The situation
is different for the two other German premium manufacturers, Daimler and Audi. In
both cases, the growth in the divergence between official and real-world CO, emissions
started later than for BMW, but kept growing rapidly, to 48 percent for Daimler and 45
percent for Audi in 2014.

French and Franco-Japanese manufacturers PSA and Renault-Nissan remained below
the market-average divergence until 2012, but have caught up recently with a divergence
of around 40 percent in 2014. Similarly, the Volkswagen Group has exhibited a lower
than average divergence due to the low divergence of Skoda, but was approaching the
market average in 2014. Other manufacturers and brands, including Fiat, Ford, and GM,
have closely followed the market average throughout the years. For Fiat, the slightly er-
ratic movement of the divergence is due to the varying number of entries for each year.

Leaving HEVs aside, Toyota had the lowest divergence of all manufacturers and brands
depicted in Figure 7. Toyota’s divergence ranged from 6 percent in 2001 to 26 percent in
2014 — considerably lower than the market average of 37 percent. However, when taking
into account HEVs, the brand’s divergence increases from 26 percent to 41 percent in
2014. This reflects the high divergence observed for all HEVs in the market (see Figure 4)
as well as the high share of HEVs in Toyota’s sales.

9 ADAC Autodatenbank, https:/www.adac.de/infotestrat/autodatenbank/
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Figure 8. Divergence of Spritmonitor.de from manufacturers’ type-approval CO, emissions by brands/
manufacturers (pie chart represents the share of vehicles per manufacturer in the data set for 2014)™.

11 Manufacturers (brands) included are: BMW (BMW, Mini). Daimler (Mercedes-Benz, smart), Fiat (Fiat), Ford (Ford),
GM = Gveneral Motors (Opel), PSA (Peugeot, Citroén), Renault-Nissan (Renault, Nissan), Toyota, and Volkswagen
(Audi, Skoda, VW).
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The Spritmonitor.de data was also used to estimate the divergence between real-world
and official fuel consumption values for popular vehicle models. Figure 8 shows the
divergence for the three top-selling models manufactured by BMW, Mercedes-Benz,
Peugeot, Toyota, and VW. The respective brand’s average divergence is also depicted for
comparison. Each model’s contribution to its brand’s 2014 sales in Germany is presented
in the top left, while the minimum and maximum number of Spritmonitor.de entries per
model and year is presented in the bottom right. Lastly, arrowheads in the graph mark
the year before the introduction of a new model generation or major facelift, which
implies new emissions type-approval tests.

Figure 8 demonstrates that the introduction of a new model generation or facelift is
generally followed by an increase in the divergence. This increase tends to last a number
of years and plateaus as the new model generation has fully penetrated the market. The
increase after such technical overhauls is particularly pronounced in more recent years.

While the gap for some models follows a more erratic path due to low numbers of
Spritmonitor.de entries, this general pattern in the divergence is clearly visible for a
number of popular models. For example, the divergence of the VW Passat surged after
the seventh generation of the model was introduced in 2010%. The same is true for other
popular models, such as the Mercedes A-Class after the introduction of the third genera-
tion in 2012 and the Renault Clio after the introduction of the fourth generation in the
same year®. A notable exception is the Renault Twingo, which was completely renewed
in 2014 after a long period of few technical overhauls. However, the model has not shown
an increase in the divergence, most likely as the new model was released quite recently
and has not been captured yet in the Spritmonitor.de data.

Lastly, the general tendency of HEVs to exhibit a higher divergence is reflected in
Toyota’s figures, where the hybrid versions of the Auris and Yaris show significantly
higher values than their combustion engine counterparts.

12 Katalog der Automobile Revue 2014, http://katalog.automobilrevue.ch
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Figure 9. Divergence of Spritmonitor.de data from manufacturers’ type-approval CO, emissions by
brand and by top-selling models'.

Figure 9 presents the divergence of top-selling models in different market segments. The
graphs compare different vehicle segments (small, lower medium, medium, and upper
medium) and target markets (mass market or premium market). Each model’s market

: minimum and

min/max”

14 2014 market share: models’ contribution to their respective brands in 2014; N
maximum annual amount of data entries for vehicle models..
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share in its vehicle segment is printed in the top left of each graph, while the minimum
and maximum number of Spritmonitor.de entries per model and year are provided in the
bottom right. As in Figure 8, arrowheads mark the year before the introduction of a new
model generation or major technological facelift.

The increase over time in the divergence between Spritmonitor.de and official fuel
consumption values is consistent across all segments. However, some segments show

a homogeneous move toward higher levels of divergence while other segments have
first-movers and laggards. The small, mass market and the upper medium, premium
market segments show relatively uniform developments. In contrast, the Volkswagen
Group models VW Passat and Skoda Superb lagged behind the medium segment, mass
market average up until the introduction of the release of the seventh generation of the
Passat in 2010 and the facelift of the Superb in 2013.5 Similarly, the Skoda Octavia lay
significantly below the average divergence of the lower medium, mass market segment,
but caught up to the average in 2014 after the third generation of the Octavia was
released in 2013.'° In the same segment, the Opel Astra exemplifies the typical pattern of
a rapid increase in the divergence, in this case after a facelift in 2009, and the plateauing
of the trend after the new model generation fully penetrated the market after 2010.

Overall, virtually all models in Figure 8 and Figure 9 show an increase in the divergence
between Spritmonitor.de and official fuel consumption values over time. The increase in
divergence typically follows the introduction of a new model generation or a facelift. This
observation offers an explanation for how the divergence of the entire Spritmonitor.de
dataset increases over time: many step-wise increases in individual models’ divergence
values following technical overhauls add up to a global increase in the divergence over
time. The stepwise pattern indicates that unrealistically low official fuel consumption
values, rather than driver behavior, are the likely culprit for the increasing divergence.
Unrealistic official fuel consumption values may result from the increased exploitation of
“flexibilities” in the test procedure as well as the introduction of technologies that prove
more effective in the laboratory than on the road (e.g., stop-start systems). For details,
please refer to Section 4 of this report.

15 Katalog der Automobile Revue 2014, http://katalog.automobilrevue.ch
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Figure 10. Divergence of Spritmonitor.de data from manufacturers’ type-approval CO, emissions by

vehicle segment and their top-selling mass-market (left) and premium-market (right) models".
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2.2. TRAVELCARD (NETHERLANDS)

Data type On-road, automatically recorded

Data availability 2004-2014, approximately 25,000 vehicles per year

Fuel-consumption data, recorded using a tank card when refueling at

Data collection .
gas stations

Fleet structure, Company cars, urban and extra-urban driving; fuel is usually paid for
driving behavior by the employer
Description

Travelcard™ is a Dutch fuel-card system that can be used at any gas station in the
Netherlands and more than 35,000 filling stations in Europe. Roughly 200,000 vehicles
registered in the Netherlands are regularly fueled using this system. As part of LeasePlan
Corporation N.V.,, Travelcard caters to Dutch company fleets. Fuel expenses of Travelcard
users are typically borne by employers since company cars are a common job benefit of-
fered to Dutch employees. Travelcard users may thus have a lower incentive to conserve
fuel than private car owners.

For this study, detailed fuel consumption data for approximately 250,000 Travelcard
vehicles from 2005 to 2014 were analyzed by TNO. As with Spritmonitor.de and all
other data sources in this report, fuel consumption reported by Travelcard is based on
real-world measurements. Since the dataset covers a considerable number of vehicles,
estimates from the Travelcard data are considered representative of real-world CO,
emissions from Dutch company cars. For a more detailed discussion of the representa-
tiveness of Travelcard data, see our 2013 report (Mock et al., 2013).

Methodology

Travelcard data includes information on real-world and type-approval CO, emissions.
TNO estimated real-world CO, emissions based on pairs of consecutive fueling events
using driving distance, as recorded by the driver, and the quantity of fuel added during
each refueling event, as recorded by the Travelcard system.

As hybrid electric vehicles are quite common in the Netherlands,”® the analysis does not
differentiate between HEVs and conventional combustion engine vehicles. However,

in contrast to last year’s report, results for PHEVs are presented separately. Another
difference from last year’s report is that the entire Travelcard dataset, including vehicles
built between 2005 and 2014, was updated in 2015. This renewal of the data lowered the
estimate of the divergence by three to five percentage points for the build years 2005 to
2009, but had little effect on newer vehicles.

Results

Figure 10 shows an increase in the divergence between Travelcard and official CO,
emission values from 8 percent in 2005 to 50 percent in 2014. A rapid increase in this
divergence occurred after passenger car CO, emission regulations were introduced

in the EU in 2009. At the same time, the Dutch government increased the CO,-based
taxation of vehicles and introduced financial incentives for low-carbon vehicles, which
lead to an increase in the share of hybrid vehicles in Dutch fleets.

In contrast to the 2014 From Laboratory to Road report, the fleet average excludes
plug-in hybrid electric vehicles. Results for PHEVs are instead reported separately (see

18 http://www.travelcard.nl/

19 In 2014, hybrid electric vehicles accounted for 3.7 percent of the Dutch new vehicle market (Zacharof et al., 2015).



http://www.travelcard.nl/ 

FROM LABORATORY TO ROAD : 2015 UPDATE

Figure 11). This exclusion has a number of consequences for the results. For example, the
estimate of the divergence decreased for recent years: in last year’s report, the estimate
for vehicles built in 2013 was 51 percent while the exclusion of PHEVs now yields an
estimate of 43 percent. This reduction illustrates the high divergence of PHEVs (see
Figure 11) and the considerable impact of PHEVs on Dutch company fleets.

The exclusion of PHEVs from the fleet estimate also reverses the relationship between
gasoline and diesel vehicles. In last year’s report, gasoline vehicles were observed to
exhibit a higher divergence than diesel vehicles, which conflicted with most other data
sources. Since current PHEVs typically employ gasoline engines and exhibit a consider-
ably higher gap than conventional combustion engine vehicles and HEVs, excluding
PHEVs yields a consistently higher gap for diesel cars than for gasoline vehicles. For
vehicles built in 2014, the divergence for diesel and gasoline vehicles was estimated at
54 and 43 percent respectively, while plug-in hybrid vehicles had an average divergence
of 215 percent.
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Figure 11. Divergence of Travelcard data from manufacturers’ type-approval CO, emissions by fuel
type (pie chart indicates share of vehicles per fuel type in the data set for 2014).
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Figure 12. Divergence of Travelcard data from manufacturers’ type-approval CO, emissions for 2014
comparing gasoline and diesel vehicles to plug-in hybrid electric vehicles. Number of Travelcard
vehicles per category presented at the base of each bar.
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2.3. LEASEPLAN (GERMANY)

Data type On-road, automatically recorded

Data availability 2006-2014, more than 15,000 new vehicles per year

Fuel-consumption data, automatically recorded using a fuel card when

Data collection - .
refueling at gas stations

Fleet structure, Company cars, mostly extra-urban and highway driving; fuel is usually
driving behavior paid for by the employer
Description

LeasePlan? is a leasing and fleet management company of Dutch origin. Founded more
than 50 years ago, the company manages over 1.4 million vehicles and provides opera-
tional fleet and vehicle management services in 32 countries. LeasePlan is owned by the
Global Mobility Holding B.V., in which Volkswagen Group and Fleet Investments B.V. each
hold a 50 percent stake.

For the analysis of the divergence between real-world and official fuel consumption
values, passenger car data from LeasePlan Germany? was analyzed. LeasePlan Germany
is a wholly-owned subsidiary of LeasePlan Corporation operating more than 92,000
vehicles. The fleet predominantly consists of company cars. In the aggregation of
LeasePlan data, the following manufacturer grouping (by brands) was used: BMW (BMW,
Mini), Daimler (Mercedes-Benz, smart), Fiat (Alfa-Romeo, Chrysler, Dodge, Fiat, Jeep,
Maserati), Ford, General Motors (Chevrolet, Opel), PSA (Peugeot, Citroén), Renault-
Nissan (Dacia, Nissan, Renault), Toyota (Lexus, Toyota), Volkswagen (Audi, Porsche,
Seat, Skoda, VW). LeasePlan fuel consumption data is reported every year for the whole
LeasePlan fleet. With an average holding period of approximately three years, the results
can be viewed as the three-year rolling average of new company cars.

Like all other data sources in this report, fuel consumption figures reported by LeasePlan
are real-world values rather than laboratory measurements. While the data covers a
substantial customer base, possible sources of biases in these values should be acknowl-
edged. Similar to Travelcard data, the cars managed by LeasePlan are company cars,
which differ from private cars in a number of ways. Notable differences include a high
share of diesel vehicles (97 percent in 2014) and a higher share of medium and upper
medium segment cars than typical for private vehicles. Moreover, BMW, Daimler, Ford,
and Volkswagen account for the vast majority (88 percent) of the data. A more detailed
comparison of LeasePlan data and German vehicle market characteristics was presented
in the 2013 From Laboratory to Road report (Mock et al., 2013).

Driving behavior of LeasePlan customers is also likely to differ from private car own-
ers, as fuel expenses are generally covered by employers. LeasePlan customers may
therefore have a weaker incentive to drive in a fuel-conserving manner. According to
LeasePlan, customers cover long distances on the Autobahn, often at speeds exceeding
130 km/h, at which point CO, emissions increase drastically. While this may constitute
atypical driving behavior, these biases are expected to be consistent over time.

Methodology

The LeasePlan dataset includes official fuel consumption values as well as real-world fuel
consumption measurements determined by summing up fuel quantity and mileage for
each vehicle. For 2014, the fleet average was based on more than 45,000 vehicles. For

20 http:/www.leaseplan.com
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2006 to 2010, data was provided in aggregated form and can thus not be disaggregated
by vehicle segment or manufacturer.?? Values for 2012 were not available to the ICCT.

Results

The divergence between LeasePlan and official fuel consumption values increased

from 21 percent in 2006 to 39 percent in 2014 (see Figure 12). While the rate of growth
increased from 2006 to 2011, the growth slowed down in more recent years. One
possible explanation for this slowdown relates to the timing of the introduction of new
model generations. A handful of models, including the VW Passat, the Ford Focus, and
the Audi A4, account for approximately one third of the LeasePlan dataset. As shown in
Figure 8 and Figure 9 for Spritmonitor.de data, these models underwent facelifts around
2010, followed by a rapid increase and a subsequent plateauing of their divergence. A
similar development can be observed for these models in the LeasePlan data: as the new
model generations began penetrating the fleet after 2009, the divergence continued to
increase sharply until 2011, but stagnated in more recent years when the new model gen-
erations had fully penetrated the fleet. Another potential explanation for the slowdown is
the comparatively low share of hybrid vehicles (less than one percent) in the LeasePlan
data, whereas hybrid vehicles contributed to the increasing gap in other datasets.
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Figure 13. Annual divergence of LeasePlan data from manufacturers’ type-approval COzemissions23.

Figure 13 shows the divergence between LeasePlan and official fuel consumption values
for fleet years 2011, 2013, and 2014 for different vehicle segments. The divergence
increased over time for virtually all segments. Vehicles in the small to upper-medium
segment stand out with particularly high levels of divergence in 2014, while luxury,
off-road, and multi-purpose vehicles exhibit lower levels.

22 Since this data was provided directly by LeasePlan, it could not be verified by the ICCT.
23 The data point for 2012 was linearly interpolated from the 2011 and 2013 data points.
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Figure 14. Divergence of LeasePlan data from manufacturers’ type-approval CO, emissions by
segments for 2011, 2013, and 2014.

Figure 14 presents the divergence between LeasePlan and official fuel consumption

values in 2011, 2013, and 2014. Similar to the development in vehicle segments, virtually all
manufacturers had a year-to-year increase in the divergence. While Fiat and PSA stand out
with low divergence levels relative to other manufacturers, Daimler, Ford, General Motors,
and Volvo consistently exceeded the fleet average. Toyota also stands out with the highest
increase between 2011 and 2014, mostly due to the increasing share of HEVs in their fleet.
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Figure 15. Divergence of LeasePlan data from manufacturers’ type-approval CO, emissions by
manufacturer/brand for 2011, 2013, and 2014.24

24 Manufacturers (brands) included are: BMW (BMW, Mini), Daimler (Mercedes-Benz, smart), Fiat (Alfa Romeo, Chrysler,
Dodge, Fiat, Jeep, Maserati), Ford (Ford), GM (Chevrolet, Opel), PSA (Citroén, Peugeot), Rgnault-Nissan (Dacia, Infiniti,
Nissan, Renault), Toyota (Lexus, Toyota), Volvo (Volvo), Volkswagen (Audi, Porsche, SEAT, Skoda, VW).
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2.4. HONESTJOHN.CO.UK (UNITED KINGDOM)

Data type On-road, user-submitted

Data availability 2001-2014, approximately 4,500 vehicles per year

Fuel consumption data, entered by vehicle drivers into a publicly

A (0 D available online database

Fleet structure, Mostly private cars, urban and extra-urban driving, no details on
driving behavior driving style
Description

Honestjohn.co.uk?® is a British consumer website that allows anyone to submit real-world
fuel consumption data. Users select their vehicle model as well as engine configuration
and enter fuel consumption based on their everyday experience. Fuel consumption

is entered in imperial miles per gallon (mpg), contrary to Spritmonitor.de where fuel
consumption is calculated based on the data provided by the user (amount of fuel
purchased and odometer readings). It should also be noted that honestjohn.co.uk uses
model year (the year the model was introduced to the market) while Spritmonitor.de
uses build year (the year the vehicle was manufactured).

Since 2001, more than 60,000 readings have been submitted to the site. The available
data did not provide any information on the driving style of the users, but any biases
are considered to be consistent over time and should not affect the observed trend.
The Honestjohn.co.uk database contains more diesel vehicles than the UK average and
slightly lower average type-approval CO, emission levels than are typical for the U.K.
market; see our 2013 report (Mock et al., 2013). Since the honestjohn.co.uk database

is continuously updated with new user input, the results for all model years may differ
slightly from previous From Laboratory to Road reports.

Methodology

Fuel consumption values from honestjohn.co.uk, including real-world and official values,
where converted from miles per gallon to CO, emission values. Results were calculated
as the average divergence between honestjohn.co.uk and official CO, emission values.

Results

Figure 15 shows that the discrepancy between real-world and type-approval values
increased from 7 percent in 2001 to 33 percent in 2014. The somewhat erratic movement
of the trend in the divergence follows from a smaller sample size compared to other data
sources (e.g., Spritmonitor.de) and a less uniform distribution of entries across years. No
persistent difference between diesel and gasoline vehicles can be observed, although
there was a sudden branching in 2014 when the divergence for diesel vehicles increased
while the divergence for gasoline vehicles decreased.

25 http://www.honestjohn.co.uk
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Figure 16. Divergence of honestjohn.co.uk data from manufacturers’ type-approval CO, emissions
by fuel type (pie chart indicates share of vehicles per fuel type in the data set for 2014).

Figure 16 presents the divergence of real-world and official CO, emissions by segment.
While the divergence for the small car segment was significantly above the honestjohn.co.uk
average, the lower medium and medium segments closely track the average divergence.
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Figure 17. Divergence of honestjohn.co.uk data from manufacturers’ type-approval CO, emissions by
vehicle segment (pie chart indicates share of segments in the data set for 2014).
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2.5. CLEANER CAR CONTRACTS (NETHERLANDS)

Data type On-road

Varies between data sources, typically 2010-2014, approximately 3,000

e Rl vehicles in total

Data collection On-road driving, typically more than 25,000 km annual mileage

Fleet structure,

ST el e o Company cars from three organizations

Description

Cleaner Car Contracts is a collaboration of a number of European fleet owners and
leasing companies aiming to introduce more fuel-efficient cars into the European vehicle
fleet. The initiative was established in 2010 and now brings together 60 companies work-
ing on fuel-efficient car fleets. Natuur & Milieu,?® a Dutch environmental organization,
and Bond Beter Leefmilieu,?” a federation of more than 140 environmental associations in
Flanders, Belgium, coordinate the initiative.

Methodology

On-road and official fuel consumption data was provided by three organizations:

» QNH Consulting B.V.,2® a Dutch IT consultancy, with data provided by Alphabet,?® an
international company offering fleet management and mobility services for more
than 500,000 vehicles

» Schneider Electric,*° a multinational company specializing in energy management
and automation

» Wagenplan B.V.,*' a Dutch leasing company actively working on reducing CO,
emissions of its fleet

For each dataset, the divergence between real-world and official fuel consumption
values was calculated as the simple arithmetic mean of the divergence for all vehicles.
These values represent the fleet averages for 2014/15. In total, the three datasets cover
3,000 company vehicles.

Results

Figure 24 shows the average divergence between Cleaner Car Contracts data and official
fuel consumption figures for the 2014/15 fleet. The estimates for conventional combus-
tion engine vehicles range from 32 to 37 percent for individual companies with an
average of 33 percent for the entire Cleaner Car Contracts dataset. Including HEVs and
PHEVs, which account for 9 percent of the company fleets, adds 6 percentage points to
the divergence of the Cleaner Car Contracts dataset to 39 percent in total.

26 http:/www.natuurenmilieu.nl



http://www.natuurenmilieu.nl
http://www.bondbeterleefmilieu.be/
http://www.qnh.nl
http://www.alphabet.com
http://www.schneider-electric.com/
http://www.wagenplan.nl/

FROM LABORATORY TO ROAD : 2015 UPDATE

45%
40% including Average
hybrids incl. hybrids
35%
? Average
excl. hybrids

30%

25%

20% excluding

hybrids

15%

Divergnce of Cleaner Car Contracts from
manufacturers’ type-approval CO,

10%

5%

0%

QNH Consulting/Alphabet Schneider Electric Wagenplan

Figure 18. Divergence of Cleaner Car Contracts from type-approval CO, values. The number of
vehicles are presented at the base of each column.
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2.6. AUTO BILD (GERMANY)

Data type On-road, test route
Data availability 2008-2014, approximately 280 vehicles per year
Data collection Fuel consumption data, measured before and after a 155 km test drive

Vehicles selected for testing by AUTO BILD; urban, extra-urban, and
highway driving; professional drivers; strict adherence to speed limits
and normal engine speed

Feet structure,
driving behavior

Description

AUTO BILD?* is a German automobile magazine first published in 1986. The magazine
frequently conducts road tests during which it also measures fuel consumption. The
on-road test comprises a 155 km test route that includes 61 km of extra-urban, 54 km
of highway (20 km without speed limit), and 40 km of urban driving. According to the
magazine, drivers strictly adhere to the speed limits while maintaining normal engine
speeds. Fuel consumption is estimated by filling up the fuel tank to its capacity before
and after the test.

Methodology

AUTO BILD provided data from test-drives from 2008 to 2014. The data included both
official and test fuel consumption values. Annual estimates of the divergence were
calculated as the simple arithmetic mean.

Results

Figure 18 presents the annual divergence between real-world and official CO, values.
From 2008 to 2014, the divergence increased from 14 to 24 percent (excluding hybrid
vehicles) and reached 28 percent in 2014 (including HEVs and PHEVs). Hybrids thus
introduce such a high divergence (at times 100 percent or more) that they had a signifi-
cant effect on the average divergence despite their low numbers (two to five hybrids
tested per year). The annual divergence excluding hybrid vehicles is also presented in
Figure 18 for comparison.
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Figure 19. Divergence of AUTO BILD data from manufacturers’ type-approval CO, emissions by fuel
type (pie chart indicates the share of vehicles per fuel type in the data set for 2014).
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2.7. WHATCAR?/EMISSIONS ANALYTICS (UNITED KINGDOM)

Data type On-road, test route

Data availability 2012-2014, approximately 200 vehicles per year

Portable Emissions Measurement System (PEMS) testing on urban and

A (0 D extra-urban roads

Fleet structure,

o N Mixed vehicle fleet; professional drivers always using the same test route
driving behavior

Description

WhatCar?%? is an automobile magazine based in the United Kingdom that is targeted
at consumers intending to purchase a vehicle. The magazine conducts thorough
vehicle reviews and started to publish fuel consumption figures from their True MPG
tests in 2012. These figures are based on a series of on-road tests of new vehicles
(usually tested around launch), using Portable Emission Measurement System
(PEMS), which is generally considered a very accurate method of measuring tailpipe
emissions and fuel consumption. Emissions Analytics,** an independent company
specialized in vehicle emissions testing, is responsible for carrying out the True MPG
test on behalf of the magazine.

Vehicles are tested on a route that involves both urban and extra-urban portions and
attempts to be as close as possible to average British driving conditions. The driver

tries to maintain a steady speed, while avoiding unnecessary acceleration and braking,
at average urban driving speeds of 24 km/h (15 mph) and extra-urban speeds of 97
km/h (60 mph). The vehicle’s engine is warmed up before the test and all non-essential
auxiliaries like the air conditioning are switched off. Vehicles are tested in the default
state as delivered by the manufacturer rather than using alternative driving settings such
as “eco” modes.

On board, PEMS equipment measures CO, emissions. Based on the measurements,

the average fuel consumption is calculated at the end of the test. Throughout the test,
various sensors provide data on the vehicle’s speed, exhaust manifold pressure, and
throttle position. Since fuel consumption can be affected by several parameters, other
sensors record environmental data such as altitude, humidity, and air pressure. This data
is used to adjust the True MPG test data, ensuring that the final CO, emission figures are
as consistent as possible when comparing the results from different test drives®®.

Methodology

The dataset received from WhatCar?/Emissions Analytics contains measurements from
2012 to 2014, with the indicated year referring to the test year. Data includes test and
official CO, values that were used to calculate the annual divergence.

Results

Figure 19 presents the annual divergence between 2012 and 2014, delineated by fuel and
transmission type. The divergence between real-world and official CO, emissions in-
creased from 25 percent in 2012 to 35 percent in 2014. More specifically, the divergence
is higher for gasoline vehicles (35 percent in 2014) than for diesel vehicles (30 percent in
2014). Automatic transmission vehicles had a lower divergence at 28 percent compared
to manual transmission vehicles with 33 percent. The 2014 average for all vehicles

33 http://www.whatcar.com/
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exceeds the averages for the displayed subcategories due to the inclusion of five HEVs
and three PHEVs with above-average divergences.
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Figure 20. Divergence of WhatCar?/Emissions Analytics data from official CO, emission values for
2012 to 2014 by fuel and transmission type. The number of entries are presented at the base of each
column. The average divergence of all vehicles (including hybrids) for each year is also presented.
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2.8. AUTO MOTOR UND SPORT (GERMANY)

Data type On-road, test route
Data availability 2003-2014, approximately 150 vehicles per year
Data collection Fuel-consumption data, measured before and after test drives

Vehicles selected for testing by auto motor und sport; urban, extra-urban,
and highway driving; professional drivers; adherence to speed limits, low
engine speeds

Fleet structure,
driving behavior

Description

auto motor und sport* is a German automobile magazine first published in 1946. The
magazine publishes extensive car reviews and model comparisons including fuel con-
sumption figures from on-road vehicle testing.

The driving pattern and test conditions are described as “representative of real-world
driving but not extreme”® and include driving on the German Autobahn, strong ac-
celeration when overtaking other vehicles, uphill driving, rush-hour driving, use of the air
conditioning, as well as driving with additional payload. The test results are published
along with the official figures in the magazine’s vehicle tests.

Methodology

Data on official and real-world fuel consumption were collected from the magazine’s
vehicle tests. Annual estimates were calculated as the mean of the difference between
auto motor und sport and type-approval values, expressed as a percentage of type-
approval fuel consumption figures.

Results

Figure 20 presents the annual divergence between auto motor und sport and official
figures. The graph shows an increase from 21 percent in 2003 to 54 percent in 2014.
Diesel vehicles generally exhibit a larger divergence compared to gasoline vehicles.
Hybrid vehicles, including both HEVs and PHEVs, only had a significant impact on the
annual average in 2014, when a number of PHEVs were tested.
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Figure 21. Divergence of auto motor und sport data from manufacturers’ type-approval CO, emissions
by fuel type (pie chart indicates the share of vehicles per fuel type in the data set for 2014).
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2.9. AUTO MOTOR & SPORT (SWEDEN)

Data type On-road, test route

Data availability 2009-2014, approximately 90 vehicles per year

Fuel consumption data, measured before and after test drives

Data collection (250-350 km)

Fleet structure, Vehicles selected for testing by auto motor & sport; speeds typically
driving behavior ranging from 30 to 120 km/h; vehicles driven in convoy during testing
Description

auto motor & sport*® is a Swedish automobile magazine first published in 1995. As part
of the magazine’s coverage of the vehicle market, auto motor & sport conducts vehicle
tests that include measurements of on-road fuel consumption.

Vehicles are tested on a number of different routes ranging from 250 to 350 km in
distance and cover all typical speeds on Swedish roads (30 to 120 km/h). When multiple
vehicles are tested, cars are driven in a convoy so that the speed and acceleration profile
is similar for all vehicles. In addition, drivers regularly switch vehicles to level out the
impact of differences in driving styles. Fuel consumption is estimated by filling up the
fuel tank to its capacity before and after the test, ensuring that the vehicle is level during
refueling. Since auto motor & sport tests vehicles all year round, driving conditions and
outdoor temperature vary between different tests.

Methodology

auto motor & sport provided real-world and official fuel consumption data for approxi-
mately 600 vehicles tested between 2009 and 2014. The divergence was calculated
as the difference between real-world and official values, expressed as a percentage of
official fuel consumption figures.

Results

Figure 21 shows the divergence between auto motor & sport and official fuel consump-
tion figures. The divergence increased from 20 percent in 2009 to 38 percent in 2014,
with HEVs and PHEVs exhibiting significantly higher values than conventional combus-
tion engine vehicles. Gasoline vehicles typically had a higher divergence than diesel
vehicles in the auto motor & sport dataset.
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Figure 22. Divergence of auto motor & sport data from manufacturers’ type-approval CO, emissions
by fuel type (the pie chart presents the share of vehicles per fuel type in the data set for 2014).
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2.10.KM77.COM (SPAIN)

Data type On-road, test route
Data availability 2010-2014, approximately 45 vehicles per year
Data collection Fuel consumption data, measured before and after a 500 km test drive
Fleet structure, Vehicles with more than 52 kW of power and 170 km/h maximum speed;
driving behavior always the same driver

Description

km77.com?® is a Spanish website that offers car reviews and services targeted at consum-
ers that are interested in purchasing a vehicle. km77.com has been publishing data about
on-road fuel consumption and comparing vehicles for over 15 years. The data used in this
report was collected from vehicle tests by Arturo de Andrés, a km77.com columnist and
long-standing member of the Car Of The Year jury.

Vehicles are tested on a route that covers approximately 500 km, which remained mostly
unchanged over the years. The route mainly covers extra-urban driving comprised of
motorways and high-speed country roads around the metropolitan area of Madrid. The
tests start and end at the same service area, where the vehicles’ tank is filled before and
after each test to estimate total fuel consumption. The total distance traveled and the
average speed is obtained by use of the global positioning system (GPS). This data is
used to estimate the average real-world fuel consumption.

All vehicles are driven by the same driver with a smooth driving pattern that promotes
fuel efficiency. Vehicles are driven at a specific average speed for each part of the route
so that results are comparable for different vehicles. For this reason, the selected ve-
hicles must have a minimum engine power of 52 kW and over 170 km/h maximum speed
so that they can easily be driven at the same speeds. Cars selected for testing typically
have odometer readings between 2,000 and 10,000 km before testing commences. All
non-essential onboard systems like air conditioning are switched off during testing.

Methodology

The available data from km77.com ranged from 2010 to 2014 and comprises gasoline
and diesel combustion engine vehicles as well as HEVs and PHEVs. Data provided by
km77.com included the test fuel consumption, while the official type-approval fuel
consumption figures were retrieved from manufacturers’ websites and external data-
bases. The annual divergence was calculated as the difference between real-world and
official values, expressed as a percentage of official fuel consumption figures.

Results

Figure 22 presents the development of the divergence between 2010 and 2014 classified
by fuel. Diesel vehicles comprise 67 percent of the analyzed data, which is representative
of the Spanish new vehicle market (Zacharof et al.,, 2015). The divergence increased

from 37 percent in 2010 to 47 percent in 2014. This development is more pronounced for
gasoline than for diesel cars. As evident from the effect of excluding hybrids from the
annual average, hybrid vehicles exhibit a significantly higher divergence than conven-
tional combustion engine cars.

39 http:/www.km77.com/



http://www.km77.com/

50%

40%

30%

20%

Divergence of km77.com from
manufacturers’ type-approval CO,

10%

0%

FROM LABORATORY TO ROAD : 2015 UPDATE

= All vehicles

All vehicles (excl. hybrids)
e« Gasoline vehicles
e« Diesel vehicles

Hybrid 4%

2000

2002 2004 2006 2008 2010 2012 2014

Test year

Figure 23: Divergence of km77.com data from car manufacturers’ type approval values between
2010 and 2014 by fuel.
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2.11. TCS (SWITZERLAND)

Data type On-road
Data availability 1996-2014, approximately 20 vehicles per year
Data collection On-road driving, roughly 3,000 km for each vehicle

Fleet structure,

driving behavior Most popular vehicle models in Switzerland; professional drivers

Description

Touring Club Schweiz (TCS) has about 1.5 million members, making it Switzerland’s
largest car club. TCS has been conducting vehicle tests since 1996 to compare real-world
and type-approval fuel consumption values. Every year, around 20 of the most popular
vehicle models in the Swiss market are selected for testing. In 2014, 11 gasoline and 5
diesel vehicles were tested by TCS. The vehicles are provided directly by manufacturers.

During the on-road test, vehicles are driven for about 3,000 km and the fuel consump-
tion is recorded. The driver and driving behavior have not changed over the years. In
addition to the on-road tests, TCS is also carrying out laboratory tests on a chassis
dynamometer. These values were not analyzed as this report focuses on real-world fuel
consumption and CO, values rather than laboratory measurements.

Methodology

The dataset provided by TCS includes type-approval values as well as on-road test
results for each vehicle. The annual divergence was calculated as the average of all
values for each test year.

Results

Figure 23 presents the annual divergence between type-approval and real-world fuel
consumption from 1996 to 2014. The small number of tested vehicles every year creates
some erratic movement of the graph, but an upward trend in the divergence is clearly
discernible. Due to the low number of entries, the data was not classified by fuel.
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Figure 24. Divergence of TCS data from manufacturers’ type-approval CO, values.
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3. DATA COMPARISON

Table 1 summarizes the data sources used for the analyses in this report. In total, data for
about 570,000 private and company vehicles from eleven data sources and six countries
were included.

Table 1. Summary of data sources used for this report.

Total Vehicles Mostly Dating
Country vehicles per year company cars | convention

Spritmonitor.de Germany 122,346 ~9,000 Build year
Travelcard Netherlands 245,594 ~25,000 X Build year
LeasePlan Germany ~135,000 ~15,000 X Fleet year
honestjohn.co.uk U.K. 62,737 ~4,500 Model year
Cleaner Car Contracts Netherlands 3,001 ~600 X Fleet year
AUTO BILD Germany 2,312 ~280 Test date
Z‘haﬁ;‘;i’s?/ Emissions k. 477 -200 Test date
auto motor und sport Germany 1,792 ~150 Test date
auto motor & sport Sweden 547 ~90 Test date
km77.com Spain 221 ~45 Test date
TCS Switzerland 348 =2(0) Test date
Total - ~570,000 ~50,000 -

Annual average divergence

Figure 24 shows the divergence between real-world and official CO, emission values for
all data sources included in this report. All data sources show an unambiguous upward
trend in the divergence over time: estimates of the divergence ranged from 6 to 8
percent in 2001, but increased to between 28 and 54 percent in 2014.

For private cars, the two data sources that rely on user input, Spritmonitor.de and
honestjohn.co.uk, show similar developments despite covering different countries.
Estimates of the divergence range from 8 percent in 2001 to between 32 and 37 percent
in 2014. For data sources that rely on vehicle tests, the range of estimates is compara-
tively large due to differing test procedures and smaller datasets. Despite repeatable test
procedures, the accuracy of vehicle tests may also vary due to fluctuations in traffic and
weather conditions as well as imprecisions related to measuring fuel consumption based
on filling the fuel tank to capacity. However, these inconsistencies were considered to be
of minor import when comparing annual averages. While AUTO BILD and Touring Club
Schweiz generally provide more conservative estimates of the divergence, auto motor
und sport (Germany) and km77.com furnish higher estimates, most likely due to higher
test speeds and more demanding driving. WhatCar? and auto motor & sport (Sweden)
provide more balanced estimates closer to Spritmonitor.de and honestjohn.co.uk.

For company vehicles, the LeasePlan and Contracts for Cleaner Cars datasets deliver
similar estimates for 2014, roughly 39 percent, despite focusing on different vehicle
markets, namely Germany and the Netherlands. In contrast, Travelcard exhibits a con-
siderably higher divergence in recent years, which is most likely due to a higher share of
hybrid electric vehicles, despite plug-in hybrid electric vehicles being excluded from the
Travelcard figures. On the whole, company cars showed a larger divergence than private
cars, most likely due to a lower incentive to conserve fuel as employers generally cover
fuel expenses as well as more demanding usage patterns.
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Figure 25. Divergence of real-world from manufacturers’ type-approval CO, emissions for various
on-road data sources.

Dating conventions

Four dating conventions were used in the different data sources (see Table 1). While the
test date was consistently used for data sources that rely on vehicle test drives, Spritmoni-
tor.de and Travelcard employ the vehicle build year. For other company car sources,
namely LeasePlan and Contracts for Cleaner Cars, data was generally provided for the
entire fleet rather than individual build years. Lastly, honestjohn.co.uk relies on the model
year, i.e., the year a new model generation is introduced, to date vehicles. This method de-
livers a less uniform distribution of entries compared to sources employing the build year,
which accounts for some of the erratic movement of the honestjohn.co.uk estimate. While
the use of differing dating conventions impedes like-for-like comparisons across individual
years, the trends over time for each dataset are valid and the global trend of a growing
divergence between real-world and official fuel consumption values is indisputable.

Central estimate

A central estimate of the divergence between real-world and official CO, values was
constructed by combining all data sources (see Figure 25). This process involved calcu-
lating the average divergence from all private car data sources, weighted by the number
of entries in each data source. The same procedure was applied to company cars. PHEVs
from the Travelcard dataset were excluded in the central estimate, leading to a lower
estimate for company cars compared to last year’s From Laboratory to Road report.
The company and private car estimates were then combined with equal weights under
the assumption that the European car market consists of both in equal parts. In view of
the differing geographic coverage, dating conventions, and methods for determining
real-world CO,emissions, the central estimate should be viewed as strong evidence of

a growing divergence between real-world and official CO, emission values rather than

a precise estimate thereof. It should also be noted that these estimates refer to newly
registered vehicles — the average divergence of the fleet is lower due to the required
time for fleet turnover.
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Figure 26. Divergence between real-world and manufacturers’ type-approval CO, emissions for
various real-world data sources, including average estimates for private cars, company cars, and all
data sources.
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4. DISCUSSION OF RESULTS

This report brings together strong evidence that points to a growing divergence
between real-world and type-approval CO, emissions values for new cars entering the
European market. As the data sources differ in geographic coverage, fleet structure,
timespan, dating convention, and method for measuring real-world CO, emissions, esti-
mates of the divergence vary from source to source. However, the universal increase in
the divergence estimates over time cannot be explained based on differences between
the data sources. In fact, the variety of methods and data suggests that the upward
trend is robust. While a precise definition of real-world driving is elusive, the sample of
almost 600,000 cars from eleven sources and six countries indicates that the growing
divergence is an EU-wide problem.

A common misconception is that the increase of the divergence is due to the reduction
of type-approval CO, values over time, which makes any difference between real-world
and type-approval values appear proportionally larger. To illustrate that this effect is
small, Figure 26 shows the development that would have occurred if the divergence
had been a constant, absolute gap between real-world and type-approval emissions.
The absolute difference was estimated by multiplying the Spritmonitor.de average for
2001 with average type-approval emission values of new European cars in the same
year, which yielded a difference of 15 g/km. If this absolute difference had remained
constant while the type-approval CO, values were reduced from 178 g/km in 2001 to 123
g/km in 2014, the divergence would have increased from 8 to 12 percent. Instead, the
Spritmonitor.de data indicates that the divergence increased to 37 percent. The reduc-
tion in type-approval CO, emission values is thus not a main cause of the increase in the
divergence between real-world and type-approval CO, emissions over time.
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Figure 27. Divergence observed in Spritmonitor.de data compared with a hypothetical scenario
where the divergence remained constant in absolute terms (15 g/km).

Another misconception is that the increase in the divergence over time is a result of
driving behavior. Figure 27 shows the divergence for different driving styles, including
economical, balanced, and speedy driving based on self-reported user information
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from Spritmonitor.de“®. According to this data, economical driving typically reduces
the divergence by 9 percentage points compared to balanced driving, while speedy
driving has the opposite effect, with a 7 percentage point increase in the divergence
compared to balanced driving. This effect is relatively consistent over time. However,
an increase in the divergence over time was observed for a// driving styles. In 2014,
even economical driving results in 29 percent higher CO, emissions under real-world
conditions compared to type-approval values. In short, while driving behavior has an
impact on real-world CO, emissions, other factors are responsible for the systemic
increase in the divergence over time.
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Figure 28. Divergence between Spritmonitor.de and type-approval CO, values for different driving
styles, including economical, balanced, and speedy driving.

As part of a separate report, ICCT and Element Energy, a UK-based energy consultancy,
identify and quantify a list of parameters that are seen as underlying reasons for the
growing divergence between official type-approval and real-world CO, emissions of
new private passenger cars (Stewart, Hope-Morley, Mock, & Tietge, 2015). The impact
on the divergence is estimated for each parameter for the years 2002, 2011 and 2014.
Furthermore, the report provides an outlook on how the impact of each parameter will
likely develop until 2020 and 2025, with and without introduction of the new World
Harmonized Light Vehicles Test Procedure (WLTP). All estimates were discussed with a
number of vehicle emissions testing experts across Europe and are regarded as sound
estimates based on available literature as well as insights from technical experts. The
following section summarizes the key results of this analysis — details are to be found in
(Stewart, Hope-Morley, Mock, & Tietge, 2015).

In principle, there are four distinct categories of parameters identified that explain the
divergence between type-approval and real-world CO, emissions, as well as its growth
over time:

1. Road load determination. Before testing a vehicle in the laboratory, its road load is
determined on a test track. The vehicle is accelerated to a certain target speed (usually

40 When entering fuel consumption data, Spritmonitor.de users can indicate whether their driving was economical,
balanced, or speedy.
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around 120 km/h), then put into neutral and allowed to coast until its speed drops to
another specified level, while measuring environmental conditions, performance, speed,
etc. Based on these measurements, the vehicle’s aerodynamic resistance and rolling
resistance are determined — the so-called road load coefficients. These coefficients are
then used as input variables for emissions testing in the laboratory — where the wheels
of the vehicle are spinning but the vehicle itself is stationary — to simulate the vehicle
road load. There are a number of aspects of this road load determination procedure
that offer vehicle manufacturers potential for exploiting tolerances and flexibilities.
These include tire selection and preparation, selection of the test track, ambient test
conditions, and pre-conditioning of the vehicle, among others. It appears likely that,

as a result of the increasing pressure to achieve low CO, emission values during the
type-approval test, vehicle manufacturers have been increasingly exploiting flexibilities
in the road load determination procedure, so that by 2014 around one quarter of the
divergence observed is explained by this aspect. For comparison, in 2002, flexibilities in
the road load determination procedure were not yet exploited to a significant extent.

2. Chassis dynamometer testing. Both for the NEDC and WLTP, testing takes place in
a controlled laboratory environment on a chassis dynamometer. There are a number
of tolerances and flexibilities in the regulated procedures for chassis dynamometer
testing that can potentially be exploited by vehicle manufacturers. These include
break-in periods for the test vehicle, tolerances regarding laboratory instruments, the
state of charge of the vehicle’s battery, special test driving techniques, and use of
pre-series parts that are not representative of production vehicles. There has always
been a difference between chassis dynamometer testing and real-world driving,
also explaining part of the divergence in 2002. However, vehicle manufacturers
have found ways to optimize chassis dynamometer type-approval testing over time,
which at the same time made it less representative of average real-world driving
conditions. As a result, the impact of chassis dynamometer testing flexibilities on
the divergence between type-approval and real-world CO, emissions today explains
more than half of the overall divergence observed.

3. Technology deployment. There are a number of vehicle technologies that, on
average, are more effective at reducing CO, emissions during laboratory type-ap-
proval testing than under real-world driving conditions. Examples include stop-start
and hybrid technologies, automatic transmissions, and gasoline combustion engines
that make use of direct injection and downsizing. In 2002, the market shares of
these technologies were still very low, so their impact on the divergence between
type-approval and real-world CO, emissions was negligible. Now they explain about
a tenth of the observed divergence.

4. Other factors. Auxiliary devices, such as air conditioning units and entertainment
systems, increase fuel consumption during real-world driving. Nonetheless, these de-
vices are either switched off or not fully taken into account during the type-approval
emissions test, leading to unrealistically low CO, emission values. Air conditioning
had some impact on the divergence between type-approval and real-world CO,
emission levels in 2002, and the impact is estimated to have remained relatively
constant over time. Other auxiliary devices in the vehicle are estimated to have
an increasing impact on the observed divergence. Finally, the driving behavior of
consumers is different from the test cycle. However, the impact of driver’s behavior
on the observed divergence is considered to be comparably minor and to be largely
constant over time (see also Figure 27).

Figure 28 summarizes the estimated impact of each of the individual parameters, as well
as the four above-mentioned categories (road load determination, chassis dynamometer
testing, technology deployment, and other parameters). The left side of the graph shows
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the estimated historical development from 2002 until 2014. As there are interaction effects
between some parameters, the individual estimates are not summed up, but instead multi-
plied in order to deliver an overall estimate. Using this bottom-up approach, the divergence
between type-approval and real-world CO, emission levels is found to have increased from
around 10 percent in 2002 to about 35 percent by 2014. This closely matches the divergence
levels observed from top-down, i.e. real-world, on-road data for private cars (see section 3).

1
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Figure 29: Estimate of the reasons for the divergence between type-approval and real-world
CO, emission levels for new passenger cars in the past as well as in the future, with and without
introduction of the WLTP (for details, see Stewart, Hope-Morley, Mock, & Tietge, 2015).

For the future, the divergence is anticipated to grow further. By 2020, should the current
NEDC test procedure still be in use, real-world CO, emission levels of private new cars
would be about 50 percent higher than suggested by type-approval results. Some of this
further increase is expected to be due to further exploitation of flexibilities in the road load
determination and chassis dynamometer testing procedures. Furthermore, an increasing
market share of hybrid and especially plug-in hybrid vehicles will likely also contribute to

a higher divergence®. With the introduction of WLTP, it is estimated that the overall level
of divergence would drop to about 23 percent by 2020. This would be considerably lower
compared to keeping the NEDC in place until 2020 (about 49 percent).

However, the WLTP itself will probably introduce new “loopholes”, which will not be fully
understood until its deployment. Examples include new alternative methods for deter-
mining road load factors and a potentially increasing use of eco-driving modes during
type-approval testing under WLTP. Furthermore, the impact of PHEVs is anticipated to
grow even more in the future. Despite the fact that these future developments are dif-
ficult to quantify, even with introduction of the WLTP, the divergence level is estimated
to increase to about 31 percent in 2025.

41 For the analysis, an eight percent market share of PHEVs for 2020 was provided as external input data by the client
(the UK Committee on Climate Change).
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5. POLICY IMPLICATIONS

After the EU introduced a mandatory CO, regulation for passenger cars, type-approval
CO, emission values decreased significantly: the rate of reduction increased from 1
percent per year before 2008 to 4 percent per year after 2008. In 2014, average CO,
emission values of new cars reached 123 g/km (Zacharof et al., 2015), outperforming
the 130 g/km target for 2015 by a considerable margin. However, this success story is
tarnished by the growing divergence between these type-approval values and emission
values observed in real-world driving. The growing divergence has implications for all
key transport stakeholders:

From a government’s perspective, the growing divergence may undermine the efficacy
of vehicle taxation schemes. Most EU member states use type-approval CO, emission
values to determine vehicle taxes. As the divergence grows over time, governments
experience an increasing loss in tax revenues. Similarly, vehicles that benefit from low-
carbon vehicle incentives may not deliver the desired performance under real-world
conditions, leading to a misallocation of public funds. In last year’s From Laboratory to
Road report, the tax loss was estimated to amount to approximately €3.4 billion per year
for the Netherlands. Other countries with lower vehicle taxes may still incur substantial
tax deficits. For example, Germany was expected to lose as much as €290 million per
year in ownership tax revenues from new vehicles*?. Actual tax losses are considerably
higher, since ownership taxes are levied on all vehicles, not only new cars.

From a customer’s perspective, manufacturers’ proclaimed fuel savings and reductions
in fuel expenses may not materialize under real-world conditions. The unexpected fuel
expenses amount to approximately €450 per year for an average vehicle owner (Mock,
Tietge et al., 2014). This additional fuel cost may also undermine consumer trust in fuel
consumption values and fuel-saving technologies.

From a societal perspective, the growing divergence weakens efforts to mitigate
climate change and to reduce oil imports to the EU. Figure 29 and Figure 30 show the
development of real-world CO, emissions based on the Spritmonitor.de estimates and
contrast them with the development of type-approval values. While type-approval
figures indicate that a significant reduction of CO, emission values has been achieved,
from 170 g/km in 2001 to 123 g/km in 2014 (a 27 percent reduction), real-world adjust-
ments yield a much smaller reduction, from 184 g/km in 2001 to 168 g/km in 2014 (an 8
percent reduction).

42 Estimate based on the divergence observed in Spritmonitor.de data in 2014, a tax rate of €2 for each gram of CO,
above 95 g/km, and a new vehicle market size of approximately 3 million cars per year.
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EU passenger cars, based on Spritmonitor.de estimates and EEA type-approval data (European
Environment Agency, 2014; European Environment Agency, 2015).

43 Figures may have changed slightly compared to the 2014 From Laboratory to Road report following the update of
underlying Spritmonitor.de data.
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From a manufacturer’s point of view, reducing CO, emissions on paper rather than in
reality may constitute the most cost-effective pathway in the short term. However, the
growing gap may undermine public confidence in the long run. Similarly, regulators may
question the accuracy and representativeness of type-approval CO, values. Individual car
manufacturers now face a dilemma: any car manufacturer reporting more representa-
tive CO, values runs the risk of being penalized by the EU regulations and by reduced
consumer demand, particularly if other car manufacturers continue to report increas-
ingly unrealistic values (see Figure 31 for a comparison of vehicle brands in terms of
divergence and type-approval CO, emission values). Improved vehicle emission testing
schemes and more stringent enforcement of regulations will help to create a more level
playing field for car manufacturers.
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Figure 32. Type-approval CO, emission values and the corresponding divergence from Spritmonitor.de
for selected brands/manufacturers in 2001 and 2014.

The NEDC test procedure was not originally designed to measure fuel consumption or
CO, emissions. In addition, it includes a number of tolerances and flexibilities that can
be exploited to produce unrealistically low CO, emission values. The new WLTP will help
to reduce these tolerances and flexibilities and to align the test procedure more closely
with the real-world experience of the average consumer. It is therefore in the interest of
all stakeholders to introduce the WLTP in the EU by 2017, as intended by the European
Commission (Mock, 2013). In this context, it is also important to accurately convert
current NEDC-based CO, fleet targets into WLTP targets. As a previous analysis shows,
the 2020/21 target of 95 g/km CO, in NEDC would equal 100-102 g/km CO, in the WLTP
(Mock, Kihlwein et al., 2014). Allowing for a higher conversion factor would essentially
reward the exploitation of unintended flexibilities in the NEDC and would thereby risk
undermining the efficacy of introducing the WLTP.

While the WLTP will be an improvement over current testing conditions, it will not
resolve all known issues and will itself most likely introduce new loopholes that could
be exploited over time (see Section 4). Consequently, further measures are needed to
ensure that type-approval values provide a representative indication of real-world CO,
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emissions. These measures should cover the emissions of current off-cycle technologies,
like vehicle air conditioning systems (which are turned off during the NEDC and the
WLTP), as well as random re-testing and publication of road-load data (which are a
critical input factor for any laboratory test but are not accessible to the public in the EU,
unlike in the U.S.). For plug-in hybrid electric vehicles, more attention should be paid to
the actual use of these vehicles and measures should be introduced to incentivize car
dealers and customers to select a powertrain that fits best with driving and re-charging
patterns in daily life.

For air pollutant emissions, the European Commission recently adopted the Real-Driving
Emissions (RDE) test procedure, making use of portable emission measurement systems
to test vehicles on normal roads during real-world driving. For the future, it is conceiv-
able to extend this type of on-road measurement to CO, emissions monitoring, possibly
in combination with a real-world CO, adjustment factor for consumer information.

On-board diagnostic (OBD) systems could also be used to align real-world and official
CO2 emission values. OBD systems use the vehicle’s on-board computer to diagnose
and report technical malfunctions and can track a wide range of vehicle parameters.

The California Air Resources Board (ARB) introduced regulations in 1989 that require
vehicles to be equipped with OBD systems. Since then, Californian regulations have
continuously been updated. The most recent proposal requires OBD systems to provide
standardized fuel consumption and emissions data output. These changes imply that fuel
consumption could be collected by on-board storage devices, allowing for wide-scale,
accurate data collection of real-world data. If similar regulations were to be introduced

in the EU, fuel consumption data could be collected and compared against official values
to evaluate whether manufacturers’ claims match real-world observations. (California Air
Resources Board, 2015)

A key element to be implemented in the EU in the future is in-use conformity testing for
CO, emission levels of vehicles, complementing the existing type-approval laboratory
test. This is because even with the introduction of the WLTP, the fuel consumption

and CO, emissions of new cars will still only be tested in the laboratory using specially
prepared pre-series vehicles. In order to align official and real-world CO, emission levels
in the long term, it is important to focus more on testing production vehicles, with
vehicles being randomly selected and tested by independent bodies.
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