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1. EXECUTIVE SUMMARY

CONCAWE, EUCAR and the Joint Research Centre of the European Commission jointly
carried out a major test programme specifically designed to investigate the influence of
gasoline vapour pressure and ethanol content on evaporative emissions from modern
passenger cars as determined using the current European regulatory test procedure.

Breathing losses through the tank vent and fuel permeation are in general the most important
sources of evaporative emissions in a vehicle. Breathing losses are due to evaporation of
gasoline in the tank during driving, hot soak and normal diurnal temperature variation. In
current vehicles vapour emissions are controlled by means of an activated carbon canister
connected to the fuel tank vent to the atmosphere. Fuel permeation can also occur through
plastic and rubber components of the fuel system.

Evaporative emissions depend mainly on ambient temperature, fuel volatility and fuel system
design [8]. As far as the fuel is concerned, Vapour Pressure (Dry Vapour Pressure Equivalent
- DVPE) is a key parameter: higher values of DVPE, which is measured at 37.8 °C, mean that
the fuel is more volatile or, in other words, that more fuel will evaporate at that temperature.
When blended with gasoline, ethanol is known to cause an increase of the ethanol/gasoline
blend DVPE compared to the base gasoline.

As a consequence of the European policy aiming to promote the use of ethanol and other
biofuels [21] [22], the question has arisen whether the vapour pressure limit for
ethanol/gasoline blend should be relaxed with respect to the current fuel specifications laid
down in the Directive 98/70/EC.

The programme described in this report was conceived to assess specifically the effect of
ethanol/gasoline blends on evaporative emissions with the objective of providing a technical
basis for discussion on this issue.

A range of seven gasoline passenger cars representative of current EURO 3-4 technology
were tested for evaporative emissions with ten different test fuels. The test fuel matrix
comprised 60 and 70 kPa hydrocarbon base fuels with 5 and 10% ethanol splash blends and 5
and 10% ethanol matched volatility blends. The evaporative emission tests were carried out
according to a test protocol agreed by the partners of the programme and based on the
European homologation test procedure.

This test procedure turned out to have a considerable influence on the results; in particular
repeating the test procedure, without any additional conditioning between tests above that
prescribed by the legislation, resulted in an increase of the carbon canister weight with
successive tests. In other words, the test protocol was not able to return the vehicle to a
consistent condition at the start of each test. The increase of the canister weight, which is
indicative of the accumulation of gasoline/ethanol vapours probably due to insufficient
canister purging, may not represent real-world operating conditions as the canister load
depends on the typical driving patterns. Running at these increased canister weights is a very
severe test of the evaporative control system. The canister weight problem made it more
difficult both to obtain representative emission measurements from the various vehicles and
to clearly determine fuel effects. However the programme has provided valuable information
and several clear conclusions can still be drawn from the results.



The vehicles tested differed in their level of evaporative emissions and in the extent of their
response to fuel changes. All cars met the 2 g/test emission limit on the first test on fuel A, the
reference fuel with DVPE of 60 kPa. Some vehicles slightly exceeded the limit on subsequent
tests on fuel A, probably related to increased canister loading in later tests.

The test results confirmed that vapour pressure (DVPE) is a key fuel variable for evaporative
emissions; in general, increasing fuel vapour pressure above that of the 60 kPa DVPE
reference fuel used for system development increased evaporative emissions. However the
effect of vapour pressure is strongly non-linear, as expected for a process in which a vapour
breakthrough effect may occur. The ethanol blends with final DVPE around 75 kPa gave
considerably higher evaporative emissions than the other lower volatility fuels in most of the
vehicles. Differences between fuels with DVPE in the range 60-70 kPa were small.
Furthermore, due to the combination of DVPE variations, the presence or absence of ethanol,
and to significant changes of canister weight it is difficult to draw any reliable conclusions on
the influence of individual parameters. The results obtained in a few tests where extra purging
of the canister was carried out suggest that differences in evaporative emission measurements
on fuels in this volatility range could be reduced if a more extensive canister conditioning
procedure was adopted. The engineering margin built into the system may also explain the
reduced fuel effect. The evaporative emission control system is designed for the DVPE of the
reference fuel (60 kPa) used in the homologation test but, as for other emission control
devices, the manufacturer introduces a certain margin to take into account the production
variability.

Ethanol might influence evaporative emissions also via different mechanisms than the
increased vapour pressure of ethanol/gasoline blends [19]. For example ethanol is known to
be more difficult to purge from carbon canisters (as are heavy hydrocarbons), so could reduce
their working capacity. To explore this possibility ethanol/gasoline blends matching the
vapour pressure of the pure hydrocarbon base fuel were included in the fuel matrix. The
increase in canister loading noticed during the programme could be due to increased
adsorption of hydrocarbons or ethanol in the canister, or both. Unfortunately the poor
repeatability of the main data set does not allow us to quantify the relative size of these
effects. However multiple additional tests on one vehicle showed that ethanol containing fuels
with matched volatility gave higher emissions than the hydrocarbon fuels. Ethanol was also
found in the VT SHED vapour of tests on pure hydrocarbon fuels following use of ethanol-
containing fuels. Further research would be required to clarify these effects.

Extra diurnal emission tests were carried out on two vehicles with the canister vented outside
of the VT SHED. The results of these tests suggest that fuel permeation through plastics and
rubbers could be a significant contributor to evaporative emissions. As demonstrated by other
studies, ethanol does increase the fuel permeation rate [3] [19] [20].

Measurements of regulated exhaust emissions showed few statistically significant differences
between fuels. However, the test programme was not designed to look at exhaust emissions
and this could explain the noticeable variability of the exhaust emission measurements.
Specific conditioning between tests and multiple testing is essential for such studies.
Nevertheless the data show clearly that volumetric fuel consumption (litres/100 km) increased
with increasing ethanol content. This increase was roughly proportional to the oxygen content
of the fuel. However there was no effect of ethanol on energy consumption.



The test programme was designed to explore only the effects of ethanol and fuel vapour
pressure on evaporative emissions from a range of latest generation canister-equipped
gasoline cars using the EU Evaporative Emissions test procedure. Other parameters like test
temperature profile, presence of ethers in the fuel, fuel permeation and the long term effect of
ethanol and water on carbon canister working capacity have not been addressed by this
programme.



2. BACKGROUND

One of the measures envisaged by the EU policies in the field of energy and transport is the
promotion of biofuels usage in order to increase their market penetration in response to the
need for energy supply security and implementation of the Kyoto protocol [21] [22]. In
particular, the Directive 2003/30/EC has set a target market share for biofuels, to be achieved
by 2010, of 5.75% in terms of energy content. Ethanol and biodiesel are at the moment the
only biofuels available in sufficient quantity that can allow the achievement of this target.

The EU Directive 2003/17/EC, in addition to provisions on gasoline and diesel fuel maximum
sulphur content in 2005 and beyond, requires the European Commission to review a number
of other fuel specifications for possible amendments. One specific requirement is to assess the
current gasoline summer vapour pressure limits with respect to ethanol directly blended into
gasoline. Ethanol is known to increase fuel DVPE when blended with gasoline [2]. The
increase of DVPE is roughly constant at ~7 kPa for ethanol contents between 2% and 10%
(see Fig. 1, [23]). The fuel Directive 98/70/EC defines gasoline volatility classes and their
vapour pressure limits. Each European country applies one or more volatility classes
depending on its climate and on the season, and all gasoline, including gasoline/ethanol
blends, must comply with the relevant DVPE limits. A vapour pressure waiver for
gasoline/ethanol blends has been proposed in order to facilitate the spread of ethanol usage
and consequently to increase its market penetration. Ethanol is normally distributed separately
to gasoline, and only blended at the terminal into road tankers for final distribution.

However, there is concern about the possible consequences of the increased vapour pressure
of the ethanol/gasoline blends on evaporative emissions from gasoline cars.

Figure 1: Vapour pressure (DVPE) increase of ethanol/gasoline blends as a function of
ethanol content [23]
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This is not a new issue, as a similar debate has already taken place in the USA especially in
California. Some experimental and theoretical studies [2] [3] [4] [S] [6] [19] [20] to address



this issue have been carried out in the USA but those results cannot be easily extended to
Europe for a number of reasons (different vehicles, differences in fuel system materials,
evaporative emissions control systems, etc.).

In Europe, most of the data available on evaporative emissions had been obtained in studies
carried out in the late 1980’s on “uncontrolled” vehicles and early model carbon canister-
equipped cars [24] mainly using conventional fuels. For this reason CONCAWE, EUCAR
and the DG-JRC decided to investigate the influence of vapour pressure and ethanol content
on evaporative emissions with a range of the current generation vehicle technologies. This
study provides technical input to broader analyses of the potential air quality impact of
ethanol fuels that will provide guidance to the Commission.

3. OBJECTIVES

The objectives of the joint CONCAWE/EUCAR/JRC programme on evaporative emissions
were the following:

0 To assess the effects of ethanol content and vapour pressure on evaporative
emissions as determined using the current European test procedure from a range of
latest generation canister-equipped gasoline cars.

0 To provide a technical basis for discussion on gasoline vapour pressure limits in
relation to ethanol blending for the Fuels Directive Review.



4. SCOPE OF TEST PROGRAMME

The test programme was designed to investigate the influence of gasoline vapour pressure and
ethanol content on evaporative emissions from gasoline passenger car models marketed in
Europe. Evaporative emissions were measured according to the European legislative test
procedure; therefore in this report the term “evaporative emissions” refers to the sum of all
the Volatile Organic Compounds (VOCs), not deriving from fuel combustion, emitted by the
vehicle during the Hot Soak and the Diurnal test as defined in the related European legislation
(Directive 98/69/EC, Annex IV). An overview of sources and control of evaporative
emissions from vehicles and of the related European legislation is given in Appendix 1.

A representative range of vehicles covering 8 cars, some of which were provided by the
European Auto manufacturers and others hired, was tested over a fuel matrix consisting of
fuels differing in ethanol content and vapour pressure (DVPE) provided by CONCAWE.

The programme was divided into three different phases.

In Phase 1 a vehicle was tested with the specific objective of correlating evaporative
emissions measured in the JRC VT SHED with an existing VT SHED owned by a European
car manufacturer. In this case the tests were performed using only a certified reference fuel
and just following the legislative procedure.

After this first phase, seven cars were tested for evaporative emissions on the different test
fuels according to an agreed procedure (Phase 2 and Phase 3, as described in section 4.3). The
details of the test procedure are given in Appendix 3.

4.1. Test vehicles

The test fleet included conventional Multi-Point Injection (MPI) vehicles and one Direct
Injection Spark Ignition (DISI), with both fuel return to tank and returnless systems. Six
vehicles had plastic fuel tanks and one was equipped with a metal tank.

Test vehicle data are shown in Table 1: all are modern European vehicles meeting either
Euro 3 or Euro 4 emission limits. Engine size varied from 1.2 to 3.0 litres and only two of the
vehicles had a fuel return line. Most of the vehicles were supplied directly by ACEA, but two
cars were rented locally and vehicle 6 with metal tank was also rented.

For six vehicles the carbon canister used for the tests was the one present on the vehicle at the
time of delivery. In one case (vehicle 4), the carbon canister originally installed on the vehicle
did not work properly and was replaced with a new one (original OEM spare part). The
vehicle was then driven on the road for more than 3000 km before starting the tests.
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Table 1: Test Vehicle data

Vehicle No. 1 2 3 4 5 6 7
Emission Std Euro3 | Euro4 | Euro4 | Euro4 | Euro4 | Euro4 | Euro4
(homologation)

Engine Size (litres) 1.8 1.4 1.8 1.2 2.0 1.8 3.0
Fuel System MPI MPI DISI MPI MPI MPI MPI
Fuel Return Yes No No No No No Yes

Fuel tank material. Plastic | Plastic | Plastic | Plastic | Plastic | Metal | Plastic
Year of Registration | 2003 2003 2004 2002 | 2004 2005 2004

or Production
Mileage (km) 2640 10127 | 6973 61453 | 10566 | 4500 20002

4.2. Fuels

The test fuel matrix was provided by CONCAWE and comprised 60 and 70 kPa hydrocarbon
base fuels with 5 and 10% ethanol splash blends and matched volatility blends.

The two hydrocarbon base fuels with vapour pressures of 60 (fuel A) and 70 (fuel B) kPa
represent (A) the current standard European summer grade gasoline and (B) summer grade
gasoline specified in regions with “arctic conditions”. The composition of these two fuels was
kept similar, the main difference being use of more butane in fuel B to increase the DVPE, as
would be normal refinery practice. No oxygenated compounds were used to blend these fuels.

Synthetic ethanol at 5 and 10% v/v was splash blended into fuels A and B to make fuels ASS,
A10S, B5S and B10S. The ethanol used was denatured with cyclohexane.

Ethanol blends with DVPE matched to the 60 kPa (ASE and A10E) and 70 kPa (B5E and
B10E) hydrocarbon base fuels were also included in the fuel matrix to investigate if there was
an effect of ethanol at constant vapour pressure. Distillation properties E70, E100 etc. were
allowed to move upwards to reflect what a real-world refinery would do, but in a manner not
to exceed the EN228 values. Fuel composition and properties other than distillation were
matched as closely as possible, but in all cases within the EN 228 specifications. Essentially
the “E-fuels” were based on the hydrocarbon fuels with butane and C5 molecules removed to
control DVPE.

A summary of key properties is given in Table 2. Most data are averages of test results from
three laboratories. (ethanol and oxygen are averages from 2 laboratories while LHV is based
on the HC speciation at 1 laboratory). Distillation curves and more detailed test data (Table
A2.1) are given in Appendix 2.

In addition the detailed chemical composition of the fuels was determined by Gas
Chromatography. This data is also given in Appendix 2, Table A2.2 and was used to calculate
the carbon, hydrogen and oxygen content of the fuels. This information is required to
calculate fuel consumption from CO, emission data, see section 5.2.3. In addition the Lower
Heating value (LHV) was calculated so that energy consumption could be calculated. Note
that the GC calculated oxygen contents used to determine fuel consumption and LHV (shown
in lower half of Table 2 and Table A2.2) differ slightly from those calculated from measured
ethanol contents (shown upper half of Table 2 and Table A2.1).
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Table 2: Fuels Inspection data

Fuel Unit A | ASE |A10E | A5S |A1I0S| B B5SE | B10E| B5S |B10S

DVPE kPa 60.1 | 59.7 | 599 | 67.1 | 66.8 | 69.0 | 699 | 66.5 | 754 | 75.6

E70 %v/v_ | 383 | 402 | 44.6 | 42.7 | 51.8 | 38.9 | 42.0 | 463 | 44.0 | 53.1

E100 %v/iv | 547 | 613 | 548 | 56.6 | 594 | 548 | 61.8 | 58.0 | 56.8 | 60.0

Ethanol Y%ov/v 0.0 5.0 10.4 4.7 9.7 0.0 54 9.9 5.0 10.2

Oxygen | %m/m | 0.00 | 1.84 | 3.79 | 1.71 | 3.52 | 0.00 | 1.97 | 3.64 | 1.83 | 3.70

Density kg/m® |755.5| 747.1 | 756.0 | 757.2 | 758.7 | 753.3 | 747.1 | 750.0 | 754.3 | 756.0

Carbon | %m/m |87.48 85.09 | 83.50 | 85.75 | 83.99 | 87.39 | 84.90 | 83.38 | 85.58 | 83.74

Hydrogen | %m/m | 12.50| 13.08 | 12.75 | 12.52 | 12.51 | 12.55 | 13.10 | 12.98 | 12.56 | 12.61

Oxygen | %m/m | 0.01 | 1.82 | 3.74 | 1.72 | 3.49 | 0.06 [ 2.00 | 3.63 | 1.86 | 3.64

LHV Ml/kg |42.80 | 42.29 | 41.25 | 42.05 | 41.24 | 42.81 | 42.23 | 41.41 | 42.00 | 41.22

4.3. Programme structure

The evaporative emissions tests were performed at the EC DG-JRC VELA laboratories
located in Ispra (Italy).

Due to the amount of testing and the fact that only two tests per week were possible, the
programme was run in three phases.

Phase 1: Shakedown and correlation of the newly commissioned JRC VT SHED with an
existing one owned by a car manufacturer and currently used for vehicle homologation. One
vehicle (same model as test car no. 2 in Table 1 above) supplied by ACEA was used only for
that purpose. This car was not used for the testing programme. The evaporative emission
tests, performed initially at the car manufacturer’s laboratory and then at the JRC, were done
using the same certification fuel.

Phase 2: The tests were carried out according to the scheme shown in Figure 2.

Four vehicles as two pairs, were initially tested on fuels A (Test Al) and B (Test B1) then
ASS and BS5S, followed by a repeat of A (A2). The subsequent tests were decided jointly by
the consortium on the basis of an agreed test protocol, based on the results of the first five
tests.

Phase 3: This was originally intended as a repetition of the Phase 2 on the remaining vehicles,
unless the partners of the project decided to amend either the test sequence or the test
procedure after review of Phase 2 data. Eventually Phase 3 was performed on the three
remaining vehicles following the same general scheme as in Phase 2.

12



Figure 2: Flow-chart of the test sequence
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4.4. Test protocol

Each vehicle/fuel combination was tested using the current European regulatory evaporative
HC emissions VT SHED test procedure (see Directive 98-69-EC Annex VI, p. 27). A flow-
chart and details of the procedure is given in Appendix 3. The current procedure comprises
the following steps:

Load canister to breakthrough with butane.

Drain and refill fuel tank with test fuel

Preconditioning Drive (NEDC + one further EUDC)

Soak for 12 — 36 hours

Evaporative Emission System conditioning drive (NEDC + one further UDC)
Hot soak test for 1 hour at 20 -30 °C

Soak for 6 — 36 hours

13



e 24 hour Diurnal test with 20 - 35 °C diurnal variation.

For this programme the hot soak temperature range was controlled more tightly, at a constant
value of 27 °C over the whole test. The procedure allows two alternative ways to load the
canister, with butane or with gasoline vapour. For this programme the butane loading
procedure was used. The full details of the test procedure used in this programme are reported
in Appendix 3.

Each vehicle was first tested on fuel A, which is equivalent to the EU evaporative emissions
test reference fuel RF-02-03 (apart from sulphur content), to ensure compliance with the EU
standard.

The following measurements were made for each test:

0 VT SHED VOC mass Hot Soak and Diurnal emissions

0 Speciation of VT SHED emissions including ethanol content (see Appendix 5 for
details on the analytical methods used )

0 Record of canister weight changes where possible (see Appendix 4 for details)

0 Record of gasoline temperature during hot soak and diurnal test (except for vehicle
7)

0 Exhaust emissions measured during Evap system conditioning drive (see Appendix
6)

0 Exhaust HC speciation and Aldehyde emissions.

No additional conditioning cycle was run between tests, in order to follow the EU evaporative
emission test procedure exactly. This was originally thought unnecessary as the focus was on
Evaporative Emissions, and the canister “load to breakthrough” part of the test was expected
to ensure constant canister starting weight for each test.

4.5. Issues not covered
There are a number of issues not covered by the programme as it was designed:

0 Fuel Tank Permeation: the legislative procedure does not allow splitting the
evaporative emissions into breathing losses and fuel permeation contributions.

0 Influence of canister working capacity and canister purging strategy.

0 The programme was not designed to investigate ether effects, so Bio-Ethers (i.e. bio-
ETBE and bio-TAEE) were not included in the programme and were not present in
the test fuels.

0 Testing at different temperatures: this test programme was run according to the
European legislative procedure that prescribes a temperature profile having a
minimum and maximum temperature respectively of 20 °C and 35 °C. This profile
can be considered representative, to a certain extent, only of summer temperature in
southern Europe.

0 Longer-term effects of ethanol and water on the working capacity of carbon
canisters: it is understood that ethanol and water may be preferentially adsorbed, then
remain in the canister to reduce its working capacity. This programme was not
designed to investigate this aspect.

14



5. TEST RESULTS

5.1. Test facility correlation (Phase 1)
As already described, in Phase 1 a vehicle was tested in the JRC laboratory and in another
ACEA member’s lab in order to correlate the newly commissioned JRC VT SHED with an
existing one. The scope of this exercise was limited to checking the correct functioning of the
JRC’s SHED. The results are shown in Table 3 and confirm good correlation of JRC’s test
results with those of a recognised vehicle certification laboratory.

Table 3: Correlation between the JRC VT SHED and a second laboratory VT SHED

HOT SOAK DIURNAL TEST | TOTAL

Test Number | HC g/test HC g/test HC g/test
1 0.031 0.360 0.391
2 0.015 0.371 0.386
JRC VELA 3 0.027 0.296 0.324
Laboratory 4 0.035 0.381 0.416
Average 0.027 0.352 0.379
StdDev 0.0088 0.038 0.039

CV % 33% 11% 10%
1 0.016 0.349 0.365
Car 2 0.043 0.280 0.323
Manufacturer 3 0.025 0.380 0.405
laboratory Average 0.028 0.336 0.364
StdDev 0.014 0.051 0.041

CV % 49% 15% 11%

Difference % | 4% \ 59 4%

5.2. Main Test Programme (Phase 2-3)

Limited experimental resources (each evaporative emission test takes 3 days), lack of prior
knowledge about the likely responses of the various cars to fuel changes, and concerns about
carryover effects meant that an adaptive exploratory test sequence was adopted rather than a
statistically-designed experiment with the same fuels repeat tested in random order in each
car. As described in Section 4.3 fuel A was used as a reference and tested on several
occasions during each vehicle test sequence. During the course of the programme it emerged
that for most vehicles results on fuel A increased with time, and there were large changes in
canister weight from test to test. These variations were of such a magnitude, and the test order
so non random, that averaging repeat results on the various fuels in any particular vehicle
would be misleading. Therefore it has been decided to report the raw emission measurements
and to plot their evolution in time.

Statistical techniques, such as multiple regression analysis, have been tried in conjunction
with various visualisations to separate fuel and canister weight effects. However multiple
regression models did not explain the variations in emissions in the various cars in a clear
and consistent way and so will not be reported here.
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Statistical outlier tests were also used to identify possible aberrant test results. During the test
programme, some technical problems occurred (e.g. interruption of the test due to VT SHED
equipment malfunctioning) resulting in some invalid tests that were repeated. In a few cases
the technical problem was judged not to significantly affect the test result, so it was retained.
In one case (vehicle 5, Fuel B) the FID analyzer measuring the VOC concentration in the VT
SHED became saturated because of a very high value. The result has been included in Figures
3, 4 and 5 although the evaporative emissions measured in that tests are clearly
underestimated. All these tests are clearly marked in the charts by comments.

5.2.1. Total Evaporative Emissions

A bar chart showing the time series of total evaporative emissions results has been generated
for each vehicle, as shown in Figure 3. In addition, the weight of the carbon canister recorded
at the start of each test procedure, after butane loading, has been plotted as a line
superimposed on the evaporative emissions bar chart. Total evaporative emissions are also
shown as a function of fuel DVPE in Figure 4.

The first test carried out with Fuel A almost always gave the lowest evaporative emissions
value and generally started at the lowest canister weight, even after loading to breakthrough
with butane. This is believed to be due to vehicles having a well-purged canister after normal
vehicle operation on the road prior to the first test (no specific vehicle pre-conditioning was
performed prior to the first test beyond the one prescribed by the evaporative emissions test
procedure).

The line referred to canister weight after butane loading clearly shows an upward trend for
most of the vehicles tested. This behaviour of the canister, most probably due to the
accumulation of hydrocarbon/ethanol vapours in the activated carbon, was not expected and
raised the question whether to change the test procedure and introduce additional driving
between tests. This was originally thought unnecessary, as the canister “load to breakthrough”
part of the test should ensure constant conditions. However as testing progressed it became
clear that canister weights, including weight after butane loading to breakthrough, were not
constant but increased with test number. Generally canister weight increased rapidly during
the first few tests then reached a plateau or increased more gradually. The extent of the
increase varied between vehicles, possibly due to differences in the vehicle canister purging
strategy. A few tests were run with additional purging of the canister between tests (using dry
air) to a constant initial weight, marked as “Extpg” in Figures 3 and 4. However after some
discussion it was decided to complete the test programme with the originally agreed
procedure, so that all results would be comparable. Starting the test at such high canister
weights is in fact a very severe test of the vehicles’ evaporative control system. The sharp
weight decrease that can be observed in the charts of vehicles 3 and 4 after the second test on
Fuel A is due to this extra-purging procedure. The situation is however different for vehicle 5:
after the completion of the planned tests it was decided to run more tests after fully purging
the canister with hot air to dryness, as described in Section 5.3.2.
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Figure 3: Time series of evaporative emissions and canister weights
Bars: Total Evaporative Emissions (g/test; left-hand axis)
Line: Canister weight at start of test after loading to breakthrough with butane (g; right-hand
axis)
Note: For clarity, different scales are used for each vehicle.
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Figure 4: Total evaporative emissions vs fuel DVPE
Note: For clarity, different scales are used for each vehicle
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5.2.2. Evaporative VOCs Speciation and Ethanol Content

Besides the measurement of the mass of evaporative emissions performed following the
legislative procedure, the composition (speciation) of evaporative emissions was analysed via
gas-chromatography. A sample of the internal atmosphere of the VT SHED was taken at the
beginning and at the end of the diurnal test and then analysed by means of a suitable gas-
chromatograph coupled with FID detectors (the detailed analytical method is described in
Appendix 5).

Evaporative emission speciation is not available for all the tests; in some cases it was not
possible to perform the analysis due to failures or unavailability of the instrument.

The results of the VOC speciation analyses from all test vehicles are shown in Fig. 5.
In this plot the identified VOCs are aggregated in the following way:
- C4- Alkanes : all the saturated VOCs having 4 or less atoms of Carbon
- C4- Unsaturates: includes olefins, dienes and alkynes having 4 or less atoms of Carbon
- C5+ Alkanes: all the saturated VOCs having more than 4 atoms of Carbon
- C5+ Unsaturates: includes olefins, dienes and alkynes having more than 4 atoms of Carbon
- Benzene
- Aromatics: all the higher aromatic VOCs, Benzene excluded.
- Ethanol

Speciated hydrocarbon emissions from the VT SHED Diurnal tests generally show relatively
high levels of light hydrocarbons (C3 — CS5) and low levels of ethanol. Moreover, once
ethanol has been used, it appears in the vapour of all subsequent tests.

Fig. 5 — VOC speciation of evaporative emissions
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Fig.5b — Vehicle 2
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Fig.5d — Vehicle 4
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Fig.5f — Vehicle 6
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