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ABSTRACT

The report covers an experimental programme to determine
evaporative hydrocarbon emission levels from a range of modern
European tcars, and the effects of various fuel and vehicle
parameters on them. The results are used to estimate an inventory
of evaporative hydrocarbon emissions in Europe. These are set in
context with the other sources of hydrocarbon emissions. The
control options for evaporative and refuelling emissions are
compared and the high levels of efficiency for carbon canister
controls are shown.

Detailed descriptions of the laboratory test procedures are given
and tables are iIncluded to record the results of the evaporative
emissions tests and to show the methodology used to calculate the
overall emisslon inventory. Figures describe the fuel systems,
their large impact on evaporative emissions and demonstrate the
effectiveness of various emission control options.

The report reaches conclusions and makes recommendations on the
need to alert legislators of the effectiveness of carbon canisters
and identifies further areas for investigation. A management
style summary is included at the beginning of the report.

Considerabte efforts have been made to assure the accuracy
and reliability of the information contained in this
publication. However, neither CONCAWE ~ nor any
company participating in CONCAWE — can accept liability
for any loss, damage or injury whatsoever resulting from
the use of this information.

This report does not necessarily represent the views of any
company participating in CONCAWE
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SUMMARY

This report describes a programme carried out by CONCAWE to
determine typical hydrocarbon evaporative emission levels from
modern European cars, and the effects of various fuel and vehicle
parameters on these levels., Ten cars were tested covering a range
of engine sizes from 1.1 to 2,5 litres, including carburetted, fuel
injected and turbo-charged models. In addition three cars were
tested which were equipped with catalysts and evaporative emission
control systems to meet current US emission limits, and which
closely matched three of the European vehicles tested.

The cars were tested using a modified SHED (Sealed Housing for
Evaporative Determination) test procedure developed by the CEC
CF-11 group. This procedure vequires that the vehicle is warmed up
over four ECE-15 test cycles. In addition four of the cars were
tested using three other warm-up procedures (US Federal cycle,

90 km/h for 30 minutes, 907 max speed for 30 minutes) to assess the
effect of test severity on evaporative emissions. A very wide
variation in emissions between different vehicles was found. Using
the standard test procedure, emissions varied between 4-16 g/test
on a typical European summer fuel and from 9-24 g/test on a more
volatile winter grade fuel. The emission controlled cars gave much
lower levels, 1-3 g/test on the winter fuel, showing an 857
reduction compared to their equivalent European specification cars.
As expected increasing test severity of the warm-up cycle caused a
significant increase in emission levels. For the four cars tested,
average emissions increased from 15 g/test over the ECE cycle to 48
g/test after 30 minutes at 907 maximum speed.

The effect of gasoline volatility was determined using a set of
seven fuels whose volatility parameters were independently varied.
Three oxygenated fuels were also tested whose volatilities were
closely matched to two of the hydrocarbon fuels. RVP was found to
be the only significant volatility parameter to affect emissions.
Using the ECE~15 warm-up procedure the effect was linear, and over
the range tested a 10 kPa reduction in RVP reduced evaporative
emissions by 23%. After 30 minutes warm-up at 90 km/h, a
logarithmic correlation between emissions and RVP was found to give
a better fit. Oxygenated fuels gave similar or lower emission
levels compared to hydrocarbon fuels of equivalent RVP. A MTBE
blend in particular produced significantly lower emissions.

A few measurements of true diurnal emissions were made by leaving
vehicles in the SHED over a 24 hour period. Results suggest that
diurnal losses are significant for uncontrolled cars, although they
are not currently included in the CEC test procedure. Analysis of
vapour samples taken from the SHED showed that the vapour consisted
essentially of C4 to C6 hydrocarbons. A significantly higher
proportion of olefins was found in the vapour than in the base
fuel.
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Exhaust hydrocarbon emissions levels were shown to increase with
reducing gasoline volatility. In this case E100 was found to

be the only significant parameter; however, for normal commercial
fuels there is a general correlation between RVP and E100 levels.
Thus, reducing RVP will tend to increase exhaust emission levels.

Using the results of this programme, an estimate has been made of
the total inventory of evaporative hydrocarbon emissions in Europe,
taking into account variation in climate, fuel volatility, car
population and driving patterns. The resulting figure of 1 million
tonnes per annum make evaporative emissions the third largest
source of man-made hydrocarbons in the atmosphere, after solvent
evaporation (4 million tonmes/a) and vehicle exhaust emissions (2.5
million tomnes/a). Refuelling emissions were estimated at only 0.18
million tonnes, less than 27 of the total man-made hydrocarbon
emissions. The most effective way of reducing evaporative emissions
is clearly to fit carbon canister control systems to all vehicles.
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INTRODUCTION

1t is now some eleven years since the introduction of unleaded
gasoline (ULG) and catalysts to control exhaust emissions in the
USA and Japan. In Europe exhaust emission levels have also been
reduced during this period, but at a more moderate pace without
requiring ULG or catalysts. However increasing environmental
concern, especially relating to European forests, has led to
proposals for more stringent exhaust emission limits. Once these
limits are in place, legislators will undoubtedly turn their
attention to other automotive emissions, including evaporative
hydrocarbon emissions.

Evaporative emissions consist mainly of light hydrocarbons
emitted by a vehicle as a result of fuel evaporation through
vents open to the atmosphere. They are known to depend on three
major factors:

- vyehicle and fuel system design;
~ ambient temperature and pressure;
-  gasoline volatility.

The subject has been studied in some detail in the past, and is
discussed in more detail in the next section. Evaporative
emission limits are applied in the USA, Japan and Australia, but
not as yet in Furope. Control technology has been developed
based on the use of adsorbent charcoal canisters to trap the
vapours, which are subsequently burned in the engine.

In 1985 CONCAWE set up a task forece (AE/STF-1) to study the
question of evaporative emissions as related to the European
scene. Initially a literature survey was carried out which
showed that although much data were available for US cars in the
60's and 70's, there was little recent information, and
essentially no data for modern European cars. The major
conclusions of the literature survey were:

(i) vehicle design factors have the greatest effect on
evaporative emissions and show a spread of up to 5:1
between different designs of uncontrolled vehicles (di.e.
without either catalytic converters or evaporative
emission controls);

(ii) control technology 1s available to wminimise evaporative
emissions from vehicles. In the USA a 907 reduction was
achieved from uncontrolled levels;

(iii) based on very limited data on uncontrolled European
vehicles, evaporative losses currently contribute
approximately 507 of the total vehicle hydrocarbon
emissions;
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{iv) for uncontrolled US vehicles evaporative emissions have heen
shown to correlate best with the gasoline volatility
parameters RVP and E70. However, for current European
vehicles higher distillation points such as E100 may be
important;

(v) US data indicate that gasoline volatility has a smaller
effect than vehicle design features on evaporative
emissions at moderate ambient temperatures;

(vi) gasolines containing alcohols can cause an increase in
evaporative emissions due to increased front-end
volatility, At matched volatility levels the resultant
effect of alcohol fuels on evaporative emissions is still
uncertaing

{(vii) dincreasing ambient temperature increases evaporative
emissions particularly with high volatility gasoclines.

On this basis, and especially in view of the conclusion (iii),
the STF-~1 task force proposed that a test programme be carried
out to determine typical evaporative emission levels from a
range of modern Furopean cars, and to quantify the effects of
gasoline volatility and oxygenate content. This report presents
and discusses the results of this work, carried out by CONCAWE
at Ezso Research Centre, Abingdon U.K., during June-July 1986.
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BACKGROUND INFORMATION

Atmospheric hydrocarbon emissions can contribute, via complex
chemical reactions with NO_ in the presence of sunlight, to the
formation of photochemicalxsmog {ozone). This is a major problem
in certain cities, for example Los Angeles and Tokyo and has led
to the introduction of severe emission limits in the USA and
Japan. In Europe the problem is very much less severe and has
only been observed occasicnally.

Automotive emigsiong contribute to total atmospheric HC
emissions and arise from two major sources, exhaust emissions
and evaporative losses from the vehicles fuel system. This
report is mainly concerned with evaporative emissions and the
impact on them of changes in fuel volatility, vehicle design and
operating conditions,

Vehicle evaporative emigsions can be divided into three
categories and the relative importance of each depends upon
vehicle design and operating conditions.

RUNNING LOSSES

These are defined as losses which occur while the vehicle is
being driven.

DIURNAL LOSSES

These occeur while a vehicle is statiomary with engine off and
are due to the expansion and emission of vapour malnly from the
fuel tank (tank breathing) as a result of the normal temperature
changes which occur over a 24 hour period.

HOT SOAK LOSSES

These occur when a fully warmed-up vehicle is stationary and the
engine stopped. Engine heat is then dissipated into the fuel
system causing evaporatiocn of the fuel mainly from the
carburettor bowl and tank. The major factors which influence the
amount of fuel lost during a hot-soak are:

- peak temperatures of the carburettor bowl and fuel tank;

- fuel system design features such as liquid surface area,
presence of a fuel tank pressure relief valve and
carburettor venting system etc.;

— quantity of fuel in the carburettor bowl and fuel tank;

§

volatility characteristics and composition of the fuel.

A number of test procedures have been developed for measuring
vehicle evaporative emissions which are discussed in more detail
in Section 3.4.
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Hydrocarbon losses also arise during vehicle refuelling due to
displacement of vapour from the fuel tank. However these are
normally much smaller than evaporative emissions.

Evaporative emission control standards have been instituted in
the USA, Japan and Australia. To meet these standards, vehicle
evaporative emigsion control systems were first introduced in
California in 1970, extended to the rest of USA in 1971, and
subsequently adopted by Japan and Australia.

Evaporative emissions can be reduced considerably by relatively
simple mechanical modifications such as:

~  pressurised fuel tanks with wapour relief valves;

~ sealing leaks;

- venting of carburettor float-bowl into the air-cleaner;
-  venting of fuel tanks into the crankcase.

Some of these techniques were adequate to meet the initial US
emission standards of 6 g/test in 1970-71, but were not
sufficient as the limit was progressively tightened in later
years. The technique now universally adopted to meet these more
severe limits employs canisters filled with activated carbon to
which all fuel system vents are comnnected. Any diurnal or hot
soak hydrocarbon vapour emissions will thus be adsorbed by the
carbon and retained in the canister, which must be large enough
to adsorb some 30-40 grams of hydrocarbon vapour. The carbon is
purged of hydrocarbons during normal driving by drawing air back
through the canister and into the engine where it is burnt. A
typical example of this type of system is given in Fig. 1.

In EEC countries there are currently no evaporative emission
limits, and consequently carbon canisters are not normally
fitted. However in some countries European and Japanese cars
certified to US emission standards are available, which
consequently are equipped with carbon canisters.

Currently only the State of California has instituted gascline
volatility limits to control evaporative emissions (9 psi/62 kPa
RVP during summer). Recent US Environmental Protection Agency
(EPA) studies have shown that many vehdicles in service exceed
the 2 g/test evaporative emission limit. There are a number of
reasons for this, one of which is that wvehicles are certified on
a reference fuel of RVP 62 kPa, while typical volatility of
marketed fuel is now 76 to 90 kPa. Another reason is that the
certification procedure permits new carbon canisters to be used
without preconditioning which is unrealistic as the initial
performance of a carbon canister deteriorates quickly to a
stable condition. Consequently the carbon canisters can become
overloaded with vapour from the more volatile fuels leading to
vapour 'breakthrough' and significantly increased emissions. The
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EPA has recently proposed legislation which will require all new
vehicles to be fitted with larger carbon canisters to control
both evaporative and refuelling emissions. Gasoline volatility
restrictions will also progressively be imposed.

If the latter is adopted, it will of course establish a
precedent for other countries to follow. The EEC are known to be
studying the subject of evaporative emissions, with a view to
legislation on the subject. If legislation to control gasoline
volatility were introduced in Europe, it would have a major
adverse economic impact on oil refining.
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TEST PROGRAMME

OBJECTIVES AND STRATEGY

The overall objective of the test work was to obtain information
on typical hydrocarbon evaporative emission levels from European
vehicles and to establish the relative effectiveness of
different control strategies.

The detailed terms of reference as agreed by CONCAWE, together
with the programme of work designed to cover each separate
aspect, are summarised below:

(a) establish the range of evaporative losses that occur in a
representative selection of recent model European
vehicles by testing ten cars using two fuels with the CEC
evaporative loss test procedure (SHED test) as defined by
the CEC CF-11 group. The fuels represent averages of the
highest and lowest marketed RVP's in Europe during summer
and winter. Criteria for selection of cars are given in
Section 3.3

(h) identify the important gasoline volatility parameters
that control vehicle evaporative emissions by testing
four of the ten vehicles with seven fuels in which RVP,
E70, E100 and EL50 are independently varied. The ECE 15
test will be used to warm—up the vehicle as required by
the standard procedure. In addition, a more severe
procedure that should give higher fuel system
temperatures, will be used on three of the cars.

The cars selected for this more detailed investigation
will represent a range of engine designs and will show a
spread of evaporative emissions as indicated by the tests
in (a) above. The effect of severity of the warm-up
procedure i.e. of the Importance of driving conditions,
will be checked using four cars and three additional
warm-up procedures i.e. the Federal test procedure, 90 km/h
for 30 minutes and 90% of the maximum speed (or 130 km/h,
whichever is the lower) for 30 minutes;

() establish the impact that oxygenated fuels will have on
evaporative emissions by including three fuels containing
oxygenates in the test work covered in paragraph (b)
above. These will be blended to match specific
hydrocarbon fuels, as discussed in Section 3.7Z;

(d) compare the effect of on~board automotive evaporative
control equipment with that of reducing gasoline
volatility by testing three cars certified to US
standards fitted with control systems and comparing the
results with those from the corresponding European
versions. The two fuels used in paragraph (a) above will
also be used in this work;
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3.2

3.3

{e) establish the importance of diurnal losses, which are
measured in the US procedure but not in the European
procedure, by carrying out limited tests on selected
vehicles.

FUELS MATRIX

The test fuels were chosen to cover as wide a range of
inspection properties as would be representative of European
markets. These fuels have been blended from the Intercompany (1)
range of cold weather driveability fuels (Intercompany fuels
being readily available). Table 1 shows comparative volatility
data for some fourteen EBuropean countries where the RVP has been
selected as the critical inmspection property (2). The averages
of the lowest and highest marketed RVP's for Europe are 65.8 kPa
in Summer and 86.6 kPa in Winter. Two fuels with volatilities
close to these levels (coded 357 and 125) were therefore
included in the total fuels matrix as shown in Table 2. The
correlation matrix is also given in Table 2 showing that the
important volatility parameters RVP, E70, E100 and EL50 are
uncorrelated at the 957 confidence level in this fuel set, and
hence the important properties which control evaporative
emisgsions can be independently identified.

Gasolines containing alcohols can cause an increase in
evaporative emissions due to increased front end volatility (3),
however, the effect of alcchol fuels on evaporative emissions at
matched volatility levels is uncertain. Three oxygenated fuels
were defined, two containing 3% Methanol/27 TBA and one
containing 15% MTBE. The volatilities were matched throughout
the distillation range with fuels 125 and 357, European summer
and winter grades respectively, as can be seen in Table 3. The
data in Tables ? and 3 represent mean values determined in 3
separate laboratories,

TEST VEBRICLES

In order to meet the objectives of this test work, a wide range
of vehicle types and fuel systems was selected, The criteria
used for selection were:

~ vyehicle type: They should be representative of European
models;

- engine displacement: Vehicles were selected from each of
three categories: below 1.4 litres, 1.4 to 2.0 litres and
above 2.0 litres, since these represent small, medium and
large vehicles and exhaust emission legislation is
related to these categories;
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3.4

- airffuel mixture preparation: A range of carburetted,
fuel injected and fuel injected plus turbocharged
vehicles were selected;

- fuel recirculation: Vehicles with and without fuel
reclirculation systems were selected;

- cooling fan operation: Cars with fans that are
mechanically driven and with electric thermostatic
control were chosen.

Ten vehicles were selected using these criteria. In addition
three vehicles fitted with evaporative emission control systems
were chosen which matched three of the uncontrolled vehicles
i.e. same make, model and engine size. These emission-controlled
cars were fitted with catalysts and evaporative control
canisters to meet US emission limits. Detailed vehicle
descriptions are given in Table 4.

Prior to testing in this programme all cars were equipped with
thermocouples to enable tank and fuel system temperatures to be
recorded. Most of the vehicles had accumulated at least 8000 km,
but if a car had a lower mileage it was steam cleaned and soaked
for at least one hour at 40°C prior to testing.

The evaporative control systems used on the three controlled
vehicles are described in Appendix 1.

TEST PROCEDURES

One of the difficulties that faced CONCAWE when planning this
test programme was to select which test procedure to use as a
basis for the work. The only procedure which had official
acceptance at the time was the ECE test method
TRANS/SCN/WP29/R.205 which involved the use of carbon canisters
fitted at strategic points on the car's fuel system to adsord
potential hydrocarbon losses. However, the CEC group CF-11 has
developed a European version of the US SHED test procedure.
Their position paper reference RDF-72-83, shows that the SHED
technique has better repeatability and that test data indicated
that the carbon canister procedure can underestimate evaporative
losses by up to 87Z. This was thought to be mainly due to losses
from fuel sources where it is not possible to attach a canister,
e.g., throttle spindles and fuel hoses. They also point out that
even small leaks in the fuel system, which would barely show up
on a pressure test, can result in large hydrocarbon losses, This
procedure is given in detail in Appendix 2.

A further criticism is that the canisters themselves can cause a
restriction to the natural flow of vapours and therefore
artificially reduce losses. For these reasons, it was decided to
use the CEC test procedure which utilises four ECE 15 cycles to
warm up the vehicle, and the use of a sealed housing (SHED) to
allow total losses to be measured.
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An alternative considered was use of the US Federal test
procedure -~ but there are very significant differences between
this and the CEC procedure, as shown below.

US Test CEC CF-11 Test Procedure
Running losses Not measured but Measured by
procedure being reviewed canisters
Diurnal losses Simulated by 1 hour test Not measured

when fuel temperature
increased by 13°C

Test cyecle Federal test procedure 4 ECE~15 cycles
23 min. "road" cycle 13 mins.
10 mins. soak
8 mins. "road" cycle

Hot soak losses 1 hour in SHED 2 hours in SHED

Considering each of the four elements in turn, it will be seen
that yunning losses are measured in the CEC CF-11 procedure by
the use of carbon canisters but not in the Federal procedure.
Diurnal losses are measured in the US test, but were considered
unlikely to be of great importance in the European procedure and
therefore were not included.

The US diurnal procedure involves increasing the tank fuel
temperature by 13°C by means of a heater - this increase in
temperature has been estimated as a typical diurnal temperature
change in the USA. However in Burope the average diurnal change
is only about 8°C (see Table 11), and so the use of the US
procedure here would be rather misleading. In the event, it was
decided to investigate truve diurnal emissions separately from
the main programme to establish typical levels that are likely
to occur in practice.

The test cycle itself is very different for the Federal and the
CEC CF-11 test procedure, not least because the Federal test is
longer and has a higher average speed and the fuel probably
becomes hotter, leading to higher losses, There is also a
10-minute "soak" during the Federal test, which would have some
influence on losses. Finally, the hot soak part of the test
lasts for only one hour in the Federal test, versus two hours
for the CEC C¥-1l test procedure.

In view of the fact that some European countries have
effectively accepted the US Federal test procedure, it was
decided that it was important to obtain data using this methed.
However for the data to be comparable to the CEC CF-11 test
procedure, it was considered necessary to use results including
running losses, but ignoring the diurnal part of the eycle, and
by leaving the vehicle in the SHED for two hours as in the CEC
CF-11 test procedure.

Another reason for including the Federal procedure in the test
programme was to show the effect that changing the warm-up cycle
has on the hot soak emissions. Since both the Federal and the
ECE 15 procedures are relatively mild, two other warm-up
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procedures were also investigated - 90 km/h for 30 minutes and
90% of the vehicle's maximum speed for 30 minutes.

Thus in summary, the SHED procedure developed by CEC CF-11 was
used but four warm-up procedures were investigated:

1. four ECE-15 cycles as specified by CF-11;

2. EPA Federal Test Procedure FTP/75;

3. 90 km/h for 30 minutes;

4. 90% of maximum speed or 130 km/h for 30 minutes,

whichever is the lower.

In all four cases, running losses were measured by attaching
oversized carbon canisters to the points at which evaporation
was expected, A hydrocarbon detector was used to ensure that
there were no significant leaks, To conserve fuel, in the
preconditioning phase only, 10 litres of fuel rather than 407 of
tank capacity as required by the procedure, was used. This was
considered to be justified since the prime purpose of the
preconditioning phase is to ensure that test fuel is in the
carburettor/injector system during the test phase. Limited
testing using 40% of tank capacity versus 10 litres showed no
gignificant differences.

Exhaust emissions were measured over the ECE 15 and Federal

test cycles. In the ECE test, two bags were taken, the first
representing the first two ECE 15 cycles (i.e. while the vehicle
was warming up) and the second representing ECE 15 cycles 3 and
4 (i.e. when the car is expected to be fully warmed up).

Diurnal tests were carried out in a number of different ways and
these are described in Section 4.7. No standard procedure is
available for Eurcpean testing, so that the aim was to estimate
the total evaporative emissions likely over a 24 hour period,
The data obtained would help to establish the need for such a
test in Europe and, if so, to obtain some preliminary
information that would assist in the definition of such a test.
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4, RESULTS AND DISCUSSION

All the data obtained in the test programme are summarised in
Appendix 3.

4.1 PRECISION OF TESTING

The test programme was designed to include a number of duplicate
determinations in order to make an estimate of test precision.
Since all test results have been obtained in one laboratory, it
is only possible to estimate repeatability (i.e. not
reproducibility).

The following precision data were generated for four test
vehicles (VW Jetta, Toyota Corolla, Alfa Romeo, Ford Fiesta)
using seven test fuels using the European ECE-15 warm-up driving
procedure only. The standard deviation and coefficient of
variance was calculated for each pair of repeat tests and
averaged. Statistical procedures (such as Cochrans or Dixons
tests) were not employed to remove outlying results as only
limited repeat data were obtained on each vehicle.

Test Min  Max Mean Average Coefficient of
Standard Deviation variance
{Std. Dev)
g/test (mean)

Evaporative Emissions

Running Losses 0.6 9.5 2.6 0.72 0.47
Hot Soak Losses 3.5 28.6 11.6 1.33 .11
Total Evap. Losses 3.5 33.7 14.3 1.57 0.11
Exhaust Emissions
Bag 1 2.8 21.6 7.6 0.90 0.09
Bag 2 2.7 11.0 5.9 0.44 0.06
Total 5.5 32.6 13.5 1.20 0.07
The quoted repeatability data should only be used as a puide to
the precision of the test work as insufficient repeat data were
generated to enable a true statistical statement to he made,
5.2 RANGE OF EVAPORATIVE LOSSES FOUND IN CURRENT EUROPEAN CARS

The ten European cars summarised in Section 3,3 and Table 4 were
each tested using two fuels, one representing a European winter
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4.3

fuel (coded 357}, and the other a European summer fuel (coded
125). Results using the ECE warm~up procedure are given in
Appendix 3, Table 1A and shown as a bar chart in Fig. 2. From
these results it can he seen:

- vehicle design has a very large influence on evaporative
emissions. The range of hydrocarbon losses from 9.3 to
24.5 g on winter fuel, and from 4.0 to 16.0 g on the lower
volatility summer fuel, represents a very wide spread;

-  reducing RVP by 21 kPa (3 psi) reduced test evaporative
emissions by 457 for the median car;

- on average for these ten European cars for both the summer
and winter fuels, the running losses represented 16.7% and
the hot soak 83.3% of the total measured evaporative
losses,

INFLUENCE OF TEST PROCEDURE ON EVAPORATIVE LOSSES

Four of the ten uncontrolled vehicles were selected to evaluate
the effect of changing the warm-up part of the test on
evaporative emissions as described in Section 3.4.

The averaged results of tests on the four cars (Ford Fiesta, VW
Jetta, Alfa Romeo 2.5, and Toyota Corolla) using a winter grade
fuel (coded 357) are summarised in the table below and
illustrated in Fig. 3.

Averages of &4 cars (g/test) A A

Procedure Running losses Hot soak Total Running Hot

losses soak
1) ECE 15 2.70 12,01 14,71 18.4 81.6
2} Federal 12.33 13.45 25.78 47.8 52.2
3) 90 km/h 15.73 20.40 36.13 43.5 56.4
4} 90% V max 20.83 27.67 48.50 43.0 57.0

From these average results it can be seen that:

~  hot soak losses over two hours are similar for the Federal
and ECE warm-up procedures, but increase as the driving
cycle becomes progressively more severe;

- the running losses for the Federal procedure, however, are
much higher than for the ECE 15 procedure, due to the much
longer period that the car is actually running on the
chassis dynamometer (losses during the 10 minute scak in
the Federal Procedure have been ignored);

e the running losses becowme progressively greater as one
goes from ECE to Federal to 90 km/h to 907 of the maximum
speed;
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- the contribution that running losses make to the total is
between 40 and 507 for all the procedures except the ECE,
where it is only 18%. This figure is consistent with the
figure of 16,77 determined for all ten cars as given in
Section 4.2;

The European cycle adopted by the CEC CF~1]1 committee was
designed to be representative of European urban driving
conditions, hence this procedure should give a good indication of
the evaporative losses to be expected in practice under these
conditions - ignoring diurnal losses which are discussed later.

Although the Federal test requires only a one hour soak in the
SHED, as stated earlier it was decided to run for two hours in
order to make the results comparable with the other three
procedures. A continuous trace of hydrocarbons versus time was
taken and from this it was possible to determine the hydrocarbon
concentration after one hour. Analysis of these test results
showed the two hour hydrocarbon concentration is 307 higher, on
average, than the one hour figure (it varied from 157 to 457
higher for individual cases). After two hours the rate of
evaporation is much slower and reasonably constant., To convert
the reported Federal results to a true Federal test, but without
diurnal losses, one would need to omit the running losses and
multiply the total tweo hour hot soak losses by 0,77, A two-~hour
soak gives a better (but higher) representation of the true hot
soak losses than a one-~hour soak since they have by then
stabilised to a constant rate.,

b4 INFLUENCE OF ON-BOARD CONTROL SYSTEMS ON EVAPORATIVE LOSSES

As has already been indicated, three pairs of vehicles were
tested in which one of each pair was fitted with an evaporative
control system to enable it to meet US Federal regulations. These
vehicles were the Honda Civic, the Alfa Romeo, and the Opel
Ascona {which was matched with a Vauxhall Cavalier of the same
engine size etec.)}.

These six vehicles were tested (ECE procedure) using the winter
and summer grade fuels with the following results:

Evaporative losses (g/test)

Fuel 125 (summer grade RVP = 62 kPa/9 psi)

Car Evap. control Running Hot soak Total evap.
System losses losses losses
Opel Ascona/Vauxhall Cavalier Yes 0 1.8 1.8
" " " " No 1.3 3.0 4.3
Honda Civic Yes 0 1.3 1.3
" " No 0 4.0 4.0
Alfa Romeo Yes 0 2.0 2.0
" " No 0.9 7.3 8.2

13
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Car

Opel Ascona/Vauxhall Cavalier Yes 0 1.4

"

Honda Civic

"

Alfa Romeo

"

4

14

.5

"

1"

Evaporative losses {(g/test)

Fuel 357 {winter grade RVP = 83 kPa/l2psi)

Evap. contrel Running Hot soak Total evap.
System losses losses losses

1
" " No 3.8 11.1 14,

Yes 0 1.2
Yo 2.7 8.0 10,7

Yes 0 3.2 3.2
No 0.8 12.3 13.1

These results are illustrated in the form of a bar chart in

Tig. 4, and are compared with all of the European versions in
Fig. 5.

It can be seen that all the controlled vehicles would probably
meet the Federal Regulations (2.0 g/test max) when tested on fuel
125 ~ which has the same RVP as the standard Federal test fuel.
This is particularly so when account is taken of the shorter time
required in the SHED by the Federal test which would reduce the
total losses (there are no running losses) by a factor of 0.77,
The Honda Civic was supplied from the USA for this test work and
had been fully tested prior to its despatch. It showed a total of
1.3 g/test, using the Federal c¢ycle and including diurnal losses.
The uncontrolled cars, on the other hand, showed total emissions
between two and four times higher than the controlled versions on
this fuel,

Similarly, all the controlled vehicles gave extremely low results
on the winter grade fuel (357), although the Alfa Romeo was
somewhat higher than the other two. The uncontrolled versions
gave total emissions between four and ten times greater than the
controlled vehicles.

If the averages of the total losges are considered, then control
systems reduced the total evaporative losses by 647 on the summer
grade fuel, and by 857% on the higher velatility winter grade
fuel.

INFLUENCE OF FUEL VOLATILITY ON EVAPORATIVE LOSSES

It was considered essential to determine which fuel volatility
parameters influenced evaporative losses from European vehicles.
As shown in Section 3.2, the inspection properties RVP, E70,
E100, E150 of the seven fuels used in this work are uncorrelated.
Thus in this test programme the relative contribution that each
fuel parameter makes could be acecurately assessed. The mean
temperature in the SHED was also included as a variable, simce
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this could have an influence over and above that of gasoline
volatility, even though it varied over a comparatively narrow
range, Four cars (Ford Fiesta, Alfa Romeo, VW Jetta, and Toyota
Corolla) were tested with these seven fuels, using the ECE 15
procedure. Three cars {the Alfa Romeo was omitted) were tested
using the 90 km/h for 30 minutes warm—-up procedure to establish
if this more severe driving condition changed the fuel parameters
which control evaporative emissions.

Considering first the tests using the ECE procedure; linear
regression equations were developed using the evaporative losses
as the dependent variable and veolatility parameters as the
independent variables. This was done for each of the four cars in
turn and then for all four cars together, but using car model as
a dummy variable. The equations were computed in a step-wise
fashion, firstly with a single variable and then with pairs of
variables, three variables, and so on. Only variables with

t values greater than 2.0 were accepted as significant, Table 5
shows, for total evaporative emissions (TEV), Hot Soak (HS) and
Running Losses (RL), the coefficients determined, the t values
obtained for each coefficient (provided they are greater than
2.0), and the correlation coefficient (R*) for each equatiom. The
equations for total evaporative losses show that RVP is the only
parameter which is consistently significant and accounts for most
of the variability. In individual cases other terms can be
significant when used together with RVP (e.g., mean SHED
temperature with the Alfa, E70 with the Corolla), but there is no
consistent pattern. When all the results are put together using
vehicle model as a dummy variable, the only term in addition to
RVP which is consistently significant is SHED temperature which,
of course, is not a fuel variable.

For hot scak a somewhat similar pattern emerges as would be
expected, with the only equation of interest beinp the one with
RVP and SHED temperature. Also for running losses, RVP was the
only sipnificant parameter that gave a high R? value, although
for the Corolla the addition of both E70 and SUED temperature
improved the prediction. However when all the results were
considered, the only equations with all the variables significant
and with acceptable R? values were those containing RVP alone.
Thus it is clear that RVP is the only significant velatility
parameter which influences total evaporative emissions, hot soak
losses, and running losses, when the car is driven using the ECE
test procedure. The high R* values indicate that it is a linear
effect since linear regression equations give a good fit, and
this is confirmed by plots of the data (Figs. 6 to 9).

Turning to the situation when the vehicles were warmed up using
90 km/h for 30 minutes prior to putting them in the SHED, the
equations developed are summarised in Table 6. For this work only
three cars were used (Alfa Romeo omitted). Linear regression
equations were developed which again showed reasonably good
correlations with RVP for all the cars, but other terms only
occasionally appear as significant.

5
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A plot of the data of TEV against RVP alone (Figs. 6 to 9),
suggests that although linear regression lines give reasonable R?
values, the influence of RVP is, in fact, non-~linear under this
more severe driving regime.

The use of a legarithmic term was then investigated which gave a
significantly better correlation (higher R? values) as
demonstrated in the following table:

Vehicle Total Evaporative Losses (TEV)
R? values for dependent variable

TEV In TEV
¥ord Fiesta .51 .27
Toyota Corolla .82 .89
VW Jetta .83 .99
All cars .73 .79

The equations for hot soak and running losses were similar, with
RVP clearly the only meaningful parameter. This RVP effect was
also non-linear as indicated below by the improvement in R?
values for the logarithmic versus linear equations.

Vehicle Running losses (RL) Hot soak losses (HS)
R? values using as R* values using as
dependent variable: dependent variable:

RL In RL HS In HS

Ford Fiesta .37 .98 .56 .63

Toyota Corolla .73 .81 .86 .90

VW Jetta .92 .98 .40 .95

It can be seen that ln RL gives an extremely good correlation
with running losses for all three cars, and the non-linearity is
particularly important in the Fiesta. Similarly, for hot soak
there is a dramatic improvement in R® by using the non-linear
equation for the Jetta.

In summary it cam be said that for urban driving conditions, (as
used in the ECE procedure), evaporative emissions are linearly
related to RVP levels, i.e. for the four cars tested:

TEVECE = ~14.8 + 0.42 RVP (kPa)
RhECE = ~3.1 + 0.10 RVP (kPa)
HSECE = -11.2 + 0.32 RVP (kPa)
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For more severe driving conditions, as represented by 90 km/h for

30 minutes, the following equations would apply for the three
cars tested:

in TEV = 1.5 + 0.03 RVP (kPa)

(1.5 + 0.03 RVP)

90km/h

i.e., TEV9Okm/h

and similarly In RL = 0.4 + 0.03 RVP (kPa)

and In 85 = 1.1 4+ 0.02 RVP (kPa)

INFLUENCE OF FUELS CONTAINING OXYGENATES ON EVAPORATIVE LOSSES

Three oxygenated fuels were specially blended with volatilities
matched, as closely as possible, to either fuel 357 or 125.
Table 3 summarises the volatility of these 3 fuels and compares
them with the corresponding hydrocarbon fuel. RVP's for the
oxygenated fuels were measured using a dry test method.

As can be seen there is excellent agreement between the
corresponding fuels, the only significant deviation being the
RVP of fuel 15A versus fuel 125. However, as has been shown in
Section 4.5, it is only RVP that influences evaporative losses
and under the conditions of the ECE test thigs RVP effect is
linear. Thus it is relatively easy to correct the results for
the hydrocarbon fuels to the same RVP level as the oxygenated
fuels,

Three cars were tested with the three oxygenated fuels using th
ECE~15 warm-up test procedure. The following table summarises
the average results for each car on hydrocarbon fuels 357 and
125 (two tests were carried out on each car with each fuel) and

e

single results on fuels 35A, 35E and 15A. Results are also given

for hydrocarbon fuels adjusted by interpolation to the same RVP
levels as the oxygenated fuels.

TOTAL EVAPORATIVE EMISSIONS (g/test)

Fuel
Fuel Code

RVP (kPa)

WINTER FUEL WINTER FUEL SUMMER FUEL

354
81.1

357
82.2

357
corrected

to 81.1

35E
82.4

357
B2.2

357
corrected

to 82.4

154
66.0

125
61.6

125
corrected

to 66.0

Ford Fiesta

Alfa Romeo

Vi Jetta

1.2

12.6

18.5

11.2

14.0

19.8

10.9
13.7

19,3

8.0

9.4

18.2

11.2

14.0

19.8

11.2

14.0

19.8

5.6
8.8

10.8

4.8

8.2

9.4

6.2

9.4

11.7

17
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From these data it can be seen that in most cases the total
evaporative emissions are lower for oxygenated fuels than for
hydrocarbon fuels of the same volatility. The percentage reductions
are summarised below and the data are shown in bar-chart form in
Fig. 10.

# Change in total Evap. Emissions

- Oxygenated vs HC fuel
Type Winter Winter Summer
Oxygenate 3% MeOH + 27 TBA 157 MTBRE 37 MeQH + 27 TBA
Ford Fiesta +37 -297 -107
Alfa Romeo -8% ~33% ~87
VW Jetta -4} ~8% -67%

The average reduction in evaporative emissions when 37 methanol
plus 27 TBA is used in both winter and summer fuels, is 5.537 but
this is not a significant difference. However, 157 MTBE shows a
much larger average reduction (23%). This may be significant, but
a much larger test programme would be necessary to establish the
difference with a high level of confidence.

In summary it can be said that oxygenated fuels do not increase
evaporative emissions as compared with hydrocarbon fuels,
provided they are blended to the same RVP, and they may even
reduce them,

It is recognised that oxygenates can reduce the FID response.
Previous work (4) has used a correction factor of 1.05 to account
for this effect. Such a correction would not be significant in
the limited tests of this project and no corrections have been
applied.

It should be stressed that these results were obtained on
vehicles without evaporative control systems. There have been
suggestions in the USA that alcohols may be preferentially
adsorbed in the carbomn, and not fully desorbed during the purge
mode, thus reducing the capacity of the canister. It is
conceivable that the canisters used to measure running losses
could have been affected, but these had a very large capacity so
it ds unlikely they would have become saturated.

DIURNAL EVAPORATIVE LOSSES

As has already been stated diurnal losses are estimated in the
Federal procedure by applying heat to the tank of the vehicle
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over a period of one hour, so that the fuel temperature is
increased by 13°C, and measuring the total evaporative emissions
using the SHED.

This-technique was not used in the CONCAWE study since it would
have required special heating blankets, and it was considered
that in this initial work the diurnal losses should be measured
under more realistic conditions. A series of tests was therefore
carried out in which the vehicle was allowed to stand in the SHED
for 24 hours, so that the ambient temperature within the SHED
changed to some extent in accordance with the outside conditicns.
Mostly the vehicle was pushed Into the SHED while it was cold,
i.e., it had been pre-conditioned to ensure the correct fuel was
in the fuel system, allowed to soak for at least six hours at
normal ambient temperature, and then the tank filled to 407
capacity with test fuel prior to putting the vehicle into the
SHED,

In one case the vehicle was left in the SHED following a hot
soak, and the emissions, fuel and ambient temperatures were
recorded over a period of several days. However, in most of the
experiments the hydrocarbon level was only checked at the
beginning and at the end of each Z24~hour period, although a
continuous record of ambient and fuel temperatures was always
made.

Tt should be mentioned that the fuel was normally introduced at a
temperature of about 15°C and since the ambient temperature was
generally in the range 22-30°C while the test work was in
progress, there was normally a significant fuel temperature
change of up to 13°C. However, probably because of the insulating
effect of the SHED, ambient temperature changes were relatively
small — often only a few degrees.

Tables 7A and B8A in Appendix 3 summarise the results of the
diurnal tests carried out and Figs. 1l - 14 show temperature
profiles of all the tests.

A more detailed programme of tests was also carried out using the
VW Jetta, in which a number of different parameters were varied
so that the factors respomsible for diurnal losses could be
identified.

Comparing measured diurnal losses with total evaporative losses,
and ignoring variations that might have occurred during the
diurnal testing, the following data were obtained with a fuel of
62 kPa RVP:

Vehicle Diurnal losses Total evaporative losses
(g/test) (g/test)

Vi Jetta 9.1, 15.7 8.1

Alfa Romeo 21,4 8.2

Toyota Corolla 7.4 9.4

Ford Fiesta 18.9 4.9

These results show that the diurnal losses can be several times
greater than total evaporative losses. The difference in two
regults for diurnal losses for the VW Jetta also indicates that

19
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other factors such as fuel or ambient temperature may have a
large effect.

In order to try and identify those factors that influence diurnal
losses, the data obtained on the Jetta using two different fuels,
and a range of temperature changes, etc., were subjected to
linear regression analysis., A number of factors were
investigated, but the parameters which gave the best equations
were:

DT = Sum of increases in fuel temperature over the 24-hour
period
T = Maximum fuel temperature in degrees centigrade

RVP = RVP of fuel in kPa
The following equation was obtained for this vehicle:
Diurnal losses = 0.51 DT + 0.62 ™M + 0.22 RVP - 24.89

Each of the parameters in the above regression equation had a

t value greater than 2 (indicating significance at the 95%
level), and the R? value (indicating degree of correlation) for
the overall equation was 0.99.

Using this equatiomn, and taking DT = 8°C, T™M = 30°C maximum, and
fuel RVP = 83 kPa, then a reduction in RVP of 21 kPa would give
rise to about a 307 reduction in diurnal losses. By comparison, a
lower maximum fuel temperature of 25°C would give a 207 reduction
in diurnal losses.

Increases in temperature of the fuel appear in these tests to
have a much lower Influence than the other two factors, for
example temperature increase to 16°C instead of 8°C would only
increase emissions by 25Z.

To establish the influence of evaporative emission contrels on
diurnal losses, the three vehicles fitted with control systems
were also tested, using the 62 kPa fuel. The results, compared
with one corresponding European version, are as follows:

Controlled vehicles Uncontrolled
Honda Opel Alfa Alfa Romeo
Civic Ascona Romeo
Diurnal losses 4.1, 3.2 2.6 4.7 21.4
(g/test)
Total evaporative
losses (g/test) 1.3 1.8 2.0 8.2

The above results have not been corrected in any way for
different levels of ambient temperature or fuel temperature
increase, but all have been tested on the same fuel (fuel 125,
i.e., summer grade).
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From these results we can conclude:

- control systems have a very large effect on reducing
diurnal emissions - on the Alfa Romeo the reduction is BOZ
{versus 307 for reducing RVP by 21 kPa on the Jetta);

- diurnal emissions are clearly important and should not be
ignored as is the case with the CEC CF-11 test procedure;

-~ a new test to determine diurnal losses is needed, which
does not rely on uncontrolled ambient conditions, or on
artificially heating the tank. Preferably it needs to be
much shorter than 24 hours.

COMPOSITION OF VAPOUR BY EVAPORATION

A limited number of tests were carried out in which small bag
samples were taken from the SHED atmosphere at the end of the two
hour period, and subjected to GC analysis. The full results are
given in Table 9A of Appendix 3 which includes the GC analysis of
the fuel itself.

There was poor agreement between the total hydrocarbon figures
determined by the GC and by the SHED FID. The ratio of GC/FID for
each test is given in Table 9A Appendix 3, and if the highest and
lowest values are discarded ratics range from 0,67 to 1,18,
average (.85. This suggests that loss of hydrocarbons when
sampling for GC analysis may be the major problem.

As might be expected, the evaporated vapour consisted mainly of
light C4 and C5 hydrocarbons. As the composition of the base fuel
varied widely, Table 9A in Appendix 3 shows the ratio of
hydrocarbons in the vapour phase to that in the fuel. Although
there is considerable variation on average the following
relationships were found:

Ratio HC in vapour/fuel {(wt)

C4 hydrocarbons 5.5:1
C5 " 3.3:1
Cé " 2.2:1
c7 " 1.5:1
C7+ " 0.1:1

The results in Table 9A also show that the ratio was
significantly higher for C4 and C5 olefins than for saturates.
Again there is considerable variation, but the average figures are:

Ratio of HC in vapour/fuel (wt)

C4 Saturates 4.7
C4 Olefins 6.3
C5 Saturates 2.4
C5 Dlefins 5.2
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For €6 compounds there was too much variation to draw
conclusions. For example benzene (C6 aromatic) ratios varied from
0.6 to 6,9, although with one notable exception benzene
concentration in the vapour was not above five per cent weight.

Measurements of MTBE content in the vapour showed similar levels
to its concentration in the fuel, However, methanol vapour levels
were in fact much lower than the fuel concentrations.

In view of the limited number of analyses undertaken and the wide
variability of the results, it is felt that no firm conclusions
can be drawn, and a more detailed programme would be needed to
fully investigate these aspects.

EXHAUST EMISSIONS

It was considered important to measure exhaust emissions at the
same time as the evaporative emissions so that a direct
comparison could be made. All results obtained are given in
Appendix 3 and summarised in Fig. 15.

The fuel parameters that influence exhaust hydrocarbon emissions
were determined for each of the four vehicles tested on all of
the seven test fuels using the ECE procedure (Ford Fiesta, Toyota
Corolla, VW Jetta and Alfa Romeo). Equations were derived for
three cases:

- Bag 1, i.é. the hydrocarbon emissions obtained during ECE
cycles 1 and 2 during which the vehicle is warming up and
the choke is in operation for at least some of the time;

- Bag 2, i.e. hydrocarbon emissions during ECE 15 cycles 3
and 4 when the vehicle should be warmed up;

-~  Total HC i.e. the sum of the hydrocarbon emissions in Bags
i and 2.

Table 7 summarises the equations obtained when the t value for
individual coefficients is 2.0 or more. This means that only
coefficients which are significant at the 957 confidence level
have been considered.

The Alfa Romeo did not yield any equations in which the
coefficients were significant. However the other three vehicles
all gave satisfactory equations although the overall correlation
coefficients (R*® values) were lower than found for evaporative
losses equations.

For the three vehicles giving acceptable equations, E100 is the
only fuel parameter that is consistently significant. It is
always negative, which indicates that as the volatility
increases, hydrocarbon emissions are reduced. The VW Jetta also
showed RVP (positive coefficient) and E70 (negative coefficient)
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as significant for Bag 1 and Total HC. The combined effect of RVP
and E70 tend to cancel each other for this one vehicle. The
Toyota Corolla also showed RVP as being significant for Bag 1,
but it was negative and coupled with a negative coefficient for
E150. However the preferred equation for this car, i.e. the one
having the highest R® value, for Bag 1 would be the one having
only E100 as the only significant fuel variable.

It appears that RVP has little or no direct effect on exhaust
hydrocarbon emissions, but it is E1CG0 that is the most important
fuel variable. However for commercial fuels RVP is correlated
with E70 and E1030, so that it is true for most cases that
increasing RVP reduces exhaust hydrocarbon emissions., The fuel
matrix used in this work was carefully designed to eliminate such
intecorrelations and the fuels are not typical of commercial
fuels,

The general conclusion that can be drawn from these results is
that for typical commercial fuels, hydrocarbon exhaust emissions
tend to decrease as fuel volatility increases,

RELATIVE CONTRIBUTION OF EXHAUST AND EVAPORATIVE EMISSIONS TO
TOTAL HYDROCARBONS EMISSIONS FROM VEHICLES

As explained in Section 2, hydrocarbon emissions from gasoline
engined vehicles arise from the following sources:

- evaporative losses from the vehicle fuel system:

-  hot soak losses;
- running losses;
- diurnal losses;

- vapour losses during refuelling;
-  exhaust hydrocarbon emissions;

Hydrocarbon emissions from paint, tyres etc. have not been
considered in detail in this report due to their low contribution
to overall evaporative emigsions.

In order to compare the relative contribution of these various
sources to total hydrocarbon emissions, it is necessary to relate
results from standard emission test cycles to normal road usage.
Fxhaust and evaporative emissions will not gemerally occur at the
same time, therefore it is necessary to consider emissions over a
fixed time period, such as one day or omne year, taking into
account average driving patterns. Emission factors can be
developed in terms of gHC/km or ghC/kg fuel, which can provide a
reasonable comparison of relative contributions to total
emissions.
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Driving patterns

Official EEC data (5) on the current European car population in
terms of vehicle gize, annual mileage and fuel consumption are
given in Table 8.

Data on the relative proportions of different types of driving

(i.e. motorway, urban etc.) are scarce, however some recent UK
and German data are available (6) (7) as shown in Table 9.

Evaporative emissions

To calculate the total evaporative emissions for a vehiecle over
one day, the average number of journeys per day (hot soaks) and
the average km/day (running losses) must be known. An early US
survey (8) quotes 3.3 journeys and 47 km/day, and a UK survey
quotes 3.4 journeys and 39 km. For our purposes we will use a
figure of 3.4 journeys/day and take average mileage from Table 8.

Emissions can then be calculated as follows, per day:
-  hot soak
- 3.4 x measured hot soak;
- running losses

- K/4 times measured running losses where K is
km/day, and 4 km is the distance for 4 ECE cycles;

- diurnal

- 3.4 hot seaks and rupning losses account for 8 hours,
gso remaining 16 are covered by 0,66 x measured
diurnal losses.

Evaporative emissions will obviously vary with ambient
temperature and fuel volatility, therefore in order to estimate
total emissions in Europe, these parameters must be taken into
account. To de this we have split Europe inte seven climatic
regions and taken the average temperature for each month based on
published meteorological data (9). Average volatility levels were
estimated for each region based on published data (Octel survey)
or national specification. Table 10 shows this data together with
figures for the total car population in each region (10).

Typical diurnal temperature variations were also estimated from
climatic data as shown in Table 11.

All the CONCAWE data were obtained at temperatures of 26-~30°C as
specified in the test procedures, with a range of fuel
volatilities. To estimate emissions at lower temperatures and
other volatilities, the followinpg procedure was used.
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The only published data on the effect of temperatures on
evaporative emissions from uncontrolled cars are that of
Eccleston and Hurn (15) (16) (see Appendix 4). Their data on the
effect of RVP at various temperatures is shown in Fig. 1A,
Appendix 4. This data is replotted against RVP in Fig. 16,
together with the CONCAWE figures. Clearly the general shape of
the curves is similar which suggests that it is reasonable to
extrapolate the CONCAWE data based on the relatiomships
established by Eccleston and Hurn. Fig. 17 shows some of their
data split up into "full size" and "compact" US cars, with
logarvithmic curves fitted to the data points.

The CONCAWE data camn alsgo be gplit into large and small cars
{(above/below 1.4 litres) as below, but there was no significant
difference between cars above 2.0 litres and between 1.4-2.0 litres.

The CONCAWE figures for 62 kPa fuel are also plotted on Fig. 17,
and fall very close to the US data. Consequently we have taken

the curve for US "compact" cars and drawn similar curves through
CONCAWE data points at different RVP levels to extrapolate
emissions over the required range of temperatures and volatilities.

Average evaporative emissions -~ g/test

RVP-62 kPa RVP-B82 kPa
Running losses Hot soak Running losses Hot soak
Large cars >1.4 1 1.6 8.0 3.1 16.2
Small cars <1,4 1 0.9 5.0 2.2 9.0

The average ratio of RL/HS is 17/83 (see Sectiom 4.2), so we have
extrapolated total emissions and calculated RL and HS based on
the above ratio. Diurnal losses were based on the following
equation, determined for only ome vehicle, as discussed in
Section 4.7.

Diurnal losses = ~25 + 0.51 DT + 0.62 ™M + 0.22 RVP

To reduce complexity, an average value for DT was assumed for
each temperature zone as below, based on the figures in Table 11,

Zone ™ °C PT °C
A -7.5 5
B ~2.5 5
C 2.5 6
D 7.5 8
E 12.5 9
F 17.5 10
G 22.5 11
H 27.5 12
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Wsi ng the techni ques described above, running | osses, hot soak
and diurnal |osses figures were cal culated for conbinations of

anbi ent tenperature and volatility, as shown in Table 12

Conbi ni ng these figures with those given in Table 10, and using
traffic statistics fromTables 8 and 9, the mass evaporative
em ssions for each region and period were cal cul ated and sumed

to give a total

of 1,010, 000 tonnes.

annual figure for evaporative em ssions in Europe

To investigate the sensitivity of these cal cul ati ons to changes
in gasol i ne RVP, another cal cul ati on was nade assumng that RWP
was limted to 60 kPa during the summer period only

This resulted in a figure of

909, 000 tonnes, a reduction of only 10%

(May- Sept enber

i ncl usi ve).

4.10.3 Ref uel I i ng em ssi ons
Refuel i ng | osses have been studied in sonme detail. in the USA
recently. Wrk by the EPA(10) gave val ues between 4 and 7 g/us
gal, an Exxon(11l) study showed 6 g/Us gal for a 63 kPa fuel., and
Mobi | (12) quoted 5 g/US gal. An average figure of 5 g/us gal
(1.3 g/1) agrees well with figures generated in a previous
CONCAWE study. Refuelling em ssions can now be cal cul ated for the
three vehicle size classes, using fuel consunption and car
popul ation data fromTable 8, as shown bel ow
Ref uel I'i ng | osses

Vehicle Fuel consumed | Refuelling | European call Tot al Total fuel

Type 1/year emissions population ,km SsSions consuned

g/car-year millions t onnes m |l lion tonnes

<l.4 1 880 1,144 68.6 78, 498 45.3

1.4-2.0 1 1,315 1,710 40.4 69, 016 39.8

>2.0 1 2,075 2,700 7.3 19, 791 11.3

Tot al e 167,305 96.4
The above EEC data gives total European gasoline consunption of
96.4 mllion tonnes. True consunption for 1985 was 108 mllion
tonnes, so the total emssions figure nust be scaled up to
i ncl ude non-autonotive uses etc. This gives total refuelling
em ssions of 187,400 tonnes.

4.10.4 Exhaust em ssi ons

26

To estimate exhaust HC emssions it is of course possible to take
nmeasured ECE 15 figures and cal cul ate em ssion factors based on
the cycle length of 4 km However, thisis a very |owduty cycle
and emssions are relatively high, so doing thiswll tend to
exagger at e exhaust em ssi ons.
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The UK Warren Spring Laboratory has, however, derived emission
factors (6) for in-use vehicles based on average speed. This work
quotes a range of emission factors covering 18 vehicles tested,
and we have used the median of this range. Unfortunately, no
correlation with engine size is available.

The emission factors vary with speed, so composite factors taking
into account average speeds and driving patterns given in Table 9
were derived. These factors are as below:

Driving Speed Emission factors g/km Driving
Type km/h min. max. median pct.
Motorway 115 0.319 1.40 0.860 10.4
Highway (1) 95 0.331 1.40 0.865 4.0
Highway (2) 75 0.455 1.396 0.925 36.2
Urban 25 1.578 3.631 2.605 49.4
Composite 1.745 100

(1) Dual carriage-way
(2) Single carriage-~way

Table 13 shows total exhaust emissions for each regiomn, giving an
overall total for Europe of 2,470,000 tonnes.

Overall contribution

These total emission fipures are CONCAWE best estimates and
should be viewed in the context of a total hydrocarbon {or VOC)
inventory for Europe, as shown in Table l4. This has been
compiled from other CONCAWE reports and data from other task
forces, and was first published in Ref. l4.

From this table it can be seen that the major sources of man-made
VOC emissions in Burope are:

~- solvent evaporation (40%);
~ gasoline vehicle exhaust emissions (25%Z);

- vehicle evaporative losses (10%).

Vehicle refuelling emissions in Europe contribute less than 2% to
man-made VOC.
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CONCLUSIONS

The major sources of man-made volatile organic compounds
(VOC) emissions in Europe are:

- solvent evaporation (40%)
- gasoline vehicle exhaust emissions {257%)
- vehicle evaporative losses (10%).

Vehicle and fuel system design has the greatest influence
on automotive evaporative emilssions. Fuel volatility has a
gsignificant, but on average smaller effect., The
hydrocarbon losses range from 9 to 24 g/test on winter
fuel, and from 4 to 16 g/test on the lower veolatility
summer fuel.

Under standard test conditions {(as defined by CEC CF¥-11
test procedure) carbon canister control systems reduce
evaporative emissions by over 85% on average for a 83 kPa
fuel, while a reduction in RVP of 10 kPa would reduce
emissions by 237.

Clearly the use of onboard canisters is the most effective
way of controlling evaporative emissions. This technology
has been used in the USA and Japan for over 10 years, and
can easily be modified to control refuelling emissions as
well,

Exhaust hydrocarbon emissions decrease with increasing
fuel volatility, due to improved engine warm-up. E100 is
the gasoline parameter which correlates best with exhaust
HC emissions.

Evaporative losses increase with increasing warm—up cycle
severity, from an average of 14.7 g for 4 ECE~15 cycles to
48,5 g after 30 minutes at 130 km/h.

Hot soak losses are similar for the CEC CF-l! and US
Federal warm-up procedures, even though the soak times are
different. However rumning losses were much higher in the
Federal test.

True diurnal emissions are important and should mot be
ignored; however, carbon canisters are very effective for
reducing them. A revised test procedure to include
measurement of diurnal losses is needed.

RVP is the only statistically significant fuel parameter
influencing evaporative losses.

The effect of RVP on evaporative losses is linear under

urban driving conditions but 1s non-linear under more severe

driving conditions.
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~  For gasolines of closely matched volatility, which are not
typical of commercial practice, the use of oxygenated
components does not increase evaporative emissions and may
give a small reduction compared to hydrocarbon only
gasolines,
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RECOMMENDATIONS

—~  Since this work clearly shows that the use of "on-board"
canisters is the most effective method of controlling
evaporative emissions from vehicles, every effort should
be made to bring this to the attention of legislators.

~ A test procedure should be developed that predicts diurnal
losses from vehicles.

~  The effectiveness of MIBE in reducing evaporative
emissions should be further investigated.

~  The effect of ambient temperature on evaporative emissions
should be determined for modern European cars.
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Table 1 Comparative volatility data for commercially-available

European premium gasolines (from Ref. 2)

Reid vapour pressure, kPa

Observed in market

Country

Austria
Belgium

Great Britain
Denmark
Finland
France
Federal Republic of Germa
Netherlands
Italy
Norway
Portugal
Switzerland
Spain
Sweden

European Average

Winter Summer
Highest  Lowest | Highest  Lowest
86 - 75 -

B4 75 69 -
107 78 86 69
93 80 85 76
91 88 85 17
84 76 69 57

ny 99 72 80 65

B4 77 77 65

4 52 68 51

110 93 81 77

65 56 62 58

85 78 76 74

60 48 60 49

91 84 87 71
86.6 73.6 75.7 65.8
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Table 2 Analyses of fuels used for evaporative emissions work

RVP E70 E100 E150

kPa % A A
CODE
3 91.1 43.0 56.8 71.0
4 91.8 24.5 72.0 80.5
125 61.6 32.0 58.8 87.5
16 55.2 19.5 41.3 77.2
357 82.2 36.2 57.3 81.0
42 71.7 24.5 62.8 84,2
71 79.8 27.0 43.3 81.5

CORRELATION MATRIX - Correlation coefficient

RVP E70 E100 E150
RVP 1.0 0.51 0.51 -0.56
E70 1.0 0.18 -0.38
E100 1.0 0.22
E150 1.0
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Table 3 Properties of specially blended oxygenated fuels compared
with corresponding hydrocarbon fuels

Winter Fuel Winter Fuel Summer Fuel

Alcohol Base Ether Base | Alcohol  Base

Code 35A 357 7355 357 154 125

Oxygenate 37 Me0H none 15% MTBE none ! 37 MeOH  none
2% TBA 27 TBA

RVP kPa 81.1 82.2 B2.4 82.2 66.0 61.6

E70 Z v 41.9 36.2 4£2.0 36.2 34.6 32.0

E100 7 v 59.8 57.3 61.4 57.3 57.6 58.8

| E150 Z v 83.7 81.0 85.7 81.0 88.1 87.5
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Table 4 Test vehicle description
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Table 5 Evaporative emission equations with t values >2.0
(represent significance at the 957 confidence level)
FCE 15 warm-up test cycle
Dependent RYP (kPa) £70 ELO00 E150 SHED Temp Intercept Cortelstion
Vehicle Variable Coefficient « Coefficient Coefficient ¢ Coefficient ¢ Coefficefent ¢ 4 Coeffictent
(R?)
Ford Fieata TEV a.28 9.97 -1Z2.121 +5.48 .89
8.22% Z.45 -3.219 -0.61 $.33
8.26 8.13 #.052 £.2) «13.495 ~5.52 0.30
Alfa Romeo TEV ¢.36 5.45% -12.6%0 -Z.48 0.66
(.37 7.34 114 3.36 45.63 mbe, 31 0.81
YW Jetra TEV 0.49 12.05 ~21.452 -6.82 0.92
o. 49 2.2%9 1434 0.22 0.3¢
4.33 2.61 ~2.913 ~0.31 0.25
Toyota TEV 0.5%4 7.42 w24 015 -4.27 0.82
Corolla 0.62 5.20 0.27 2.04 -22.12 ~4.35 0.B7
ford Fiesta HE 0.24 11.58 9. 79 ~6.13 0.52
0.174 2. t5 -1.78 ~3. 26 Q.28
Alfa Romeo HS o4.27 4.70 ~8.08 ~1.82 G 60
£.28 6.11 G952 3 .05 -35.18 ~3.67 8.8
VW Jetta k] 0.37 10.4 ~§%.19 -5.54 ¢.90
0.40 .5 i.20 0.25 G 34
0.26 2.0% ~-1.64 -0.22 6. 26
Toyota HE 0.4 6.67 ~17.55 -1.81 079
Carclla
Ford Fieata "L 0.04 2.58 -2.34 «} .78 0.36
0.054 2.38 ~2.05 -%.58 0.32
Alfn Romea RL 0.0% 3.8% -4.6% ~2.52 0.56
-0 1% -2.6% 17.55 z.87 0.29
Vi Jetta RE g.12 8.44 -5.06 «5. 68 0. 86
-0.18 -2.19 17 .38 .62 0.29
Tayvota Rl 0.4 5.14 -6.46 «5.0% 0. 69
Corolla -0.89 =2.13 29.24 2.51 0.27
0.15 5.15 ). 14 =-2.43 -0.66 -1.95 15.74 1.40 0.81
All TEY 0.42 14 0B ~14. 81 ~6.45 0.78
0.307 3.06 795 .59 Q.84
0.268 1.66 .09 3.50 0.19
0.42 14.73 0.567 1.42 ~31.57 -h 37 0 .80
All #S 0.32 13.33 -i1.24 ~6.07 9.76
0. 241 3.10 5.97 2.52 9.14
4.19¢ 3.3l 246 $.75 4.16
4,33 14.41 0.552 3.0t -27.34 -4 .84 9.79
All RE 4.1 B8.76 ~1.14 ~3. 57 G .57
0.067 .37 2.42 .79 G .09
0.G78 31.94 0.06 0.05 0.2
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Table 6 Evaporative emission equations with t values >2.0

(represent significance at the 957 level)

90 km/h warm-up test cycle

Dapendent Ry £70 E100 E150 SHED Temp Intercept Correlation

Vehicle Variable [Coefficlent ¢ Confficiont & Loefficieant ¢ Ceafficiont t | Caeffictlent € t Coefftefont
(8%}
Ford Flesta TEV 0.70 2.7 -35.69 -1.74 .51
3.4t 1.94 ~89.33 wl .60 ¢.15
0.57 2.3 2.66 L.59 =49 .42 ~2.25 0 46
YU Jetta TEV HEYS 5.0 -65.32 ~-2.84 0.83
Toyata TEV 1 391:1 6.12 -58.24 -3. 79 0.82
Corolla 1.33 §.27 -0.71 ~2.52 -9 37 -3.94 0.91
Ford Flests 53 Q.34 1.96 -15 .36 -1.&7 4.56
0.43 .27 -12.39 ~1. 16 9.4z
VW Jerza HS 0.46 1.83 ~11 &8 -0, 60 9.40
0.65 2.06 12.83 =071 Q. 46
0,483 2.72 1.9% 1.96 §.97 1.9l ~43C .6 ~2.10 0.75
Toyota kS 0.38 .13 ~-16 .54 -3.8% Q. a6
Larolla 0.40 11.04 z ) 1.3 -81.69 -4.10 .95
Ford Flesta RL 0.35 2.07 ~IG.33 -E 50 Q.38
0.54 2.00 ~9.81 -k 3l 0 36
7.95 3.07 74,38 -2.79 4,57
0.24 1.83 1.43 2.77 -18.15 -3.319 0.713
W Jotka RL 1.01 7.44 -53.63 ~5.09 0.52
.13 15.3¢ -0 60 -3.84 4,48 4,22 |-168 .85 -6, 01 0.99
Teyota RL 0.80 4.&87 -41.70 -3.08 0.73
Coroila 0.95 1.1 ~3.71 -31.29 -32.8 ~3.44 o.89
Afl TEV L.i5 .97 ~4%.27 ~3.96 0713
0.874 2.88 wh 4h -0.26 G 26
ALL HS 0 .46 7.41 ~L 6% -3.17 ¢.72
9 15% 214 ¢ 97 1.93 G.16
0.359 1.01 0.7z 9.1t G.27
All RL Q.10 6.77 -10. 66 -1.7% 0 .66
0,515 1.60 5.13 .44 0.22
-0 .858 ~L.00 9%.57 269 .14
0.79 1.3 -0.42% -2.20 ~B84 19 -3.28 9.7
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Table 7 Exhaust emission equations with t values >2.0
(represent significance at the 95% level)

ECE 15 test cycle

Dependent VP E70 E1G0 EL50 SUED Temp intercepe Correlation
Vehicle Voriable |Coeffiecient r | Coeffictent t Coefficient ¢ Coefficient ¢ Leefficient © t Cneff;.c fent
(r*})
Ford fiestaj Bag § ~0.278 -2.42 27 a7 4.27 0.1]
Bag 2 ~0.10% ~3.17 £4.42 .63 0 .46
Total KC ~3.83 -2.65 42.29 3.1 .37
W Jecta fag L 0.04 2.4 ~G 066 ~2.57 -0 953 ~Z. 85 6.65 & 07 ¢ .60
Bag 2 -0.08 ~1. 56 10.87 4. 48 ¢ 37
~G.045 =214 -G.10 ~31.38 13.98 4.15 ¢ 60
Total HC o0 o8 2.1% ~G. 19 -2.03 -0.093 -2.58 12.20 5.76 c.52
Ipyota Bag 1 «0.054 =147 B 45 B 14 G 48
Corolla ~0.03 ~1.94 ~G.096 -2.10 15.65 1.67 G .39
Bag 2 ~0.025 -3.62 6 07 15,74 G. 54
00t .6 -0.G18 ~t.99 -0.027 -4 .09 1] .n 3.68 2.97 0.7%
Total HE -0, 079 -3.90 14.52 12. 68 0.58
0.03 .50 -0.048 ~2.32 -0, 692 4,21 14,83 12.3% 0. T4
Alfa Romeo | Bag | No significant seyrelation
Bag 2 Ho gignificant correlation
Total HC Ho significant correlation
All Cara Ho significant correlacton
Notes:

Bag 1 relates to ECE 15 cycles 1 and 2 i.,e. during period
when vehicle is warming up;

Bag 2 relates to ECE 15 cycles 3 and 4 i.e., when vehicle
is warmed up;

Total HC is the sum of Bags 1 and 2.
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Table 8 Car population, mileage and fuel consumption in Europe

Country Engine Car Mileage Fuel Consumption
Capacity Parc 7 | 1,000 kmfyr 2 1/100 km Z
W. Germany >2.0 12.3 14.5 14.3 12.5 19.3
1.4-2.0 50.4 13.0 52.7 9.2 52.2
<l.4 37.3 11.0 33.0 8.0 28.4
France >2.0 3.1 26.0 I.5 12.5 7.4
1.4-2.0 29.7 i5.0 35.7 9.2 37.9
<l.4 67.2 11.0 59.2 8.0 54.7
Italy >2.0 0.5 16.0 0.9 12.5 1.3
1.4-2.0 15.8 12,0 19.4 9.2 21.5
<il.4 83.7 9.5 79.7 8.0 77.1
UK >2.0 7.8 16.0 9.8 12.5 13.6
1.4-2.0 41.7 16.5 45.2 9.2 46.3
<1.4 50.5 13.5 45.0 8.0 40.2
Total EC >2.0 6.3 16.6 8.4 12.5 11.8
1.4-2.0 34,7 14.3 39.7 9.2 41.2
<1.4 59.0 11.0 51.9 B.O 46.9
O I+
¢, 1 9

ig s
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Table 9 Road traffic activity for gasoline vehicles in the UK and

GCermany

Year ‘Motorways Highways Urban

Av. Av, Av,

Speed Speed Speed

Mill., km 7% km/h | Mill, km Z km/h | Mill. km 2 km/h
®

UK 25,097 10.4 115 36,598 40.72 17 118,903 49.4 40
1983
Germany 27 115 - 43 75 - 30 -
1985

*
Comprises 10 per cent Divided Highway (95 km/h), 90 per cent Single (75 km/h)
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Table 10 Average temperatures and volatility levels in various

regions
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Table 11 Average diurnal temperature variations (°C) in Europe

January April July October
France/Belgium 7 9 il 7
Spain/Portugal 6 11 12 9
Italy/Greece 5 9 11 9
UK 5 8 8 7
Scandinavia 5 7 8 5
Switzerland/Austria 5 10 11 7
Germany /NL/DK 4 10 10 8
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Table 12 Evaporative emissions in g/day for various temperature
and volatility levels
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Table 13 Hydrocarbon exhaust emissions

Region No. of Average Total Total HC
cars km/yr car kg/yr | '000 tonnes
million '000 x10”
UK large 8.7 16.9 147.0 463
small 8.7 13.5 117.5
{ France/ large 7.9 15.5 122.2 527
( Belgium small 16.2 1.0 178.2
( Spain/ large 1.6 i2.1 19.4 175
{ Portugal small 8.4 9.5 79.8
( Italy/ large 3.6 12.1 43.6 182
( Greece small 18.5 9.5 175.8
Scandinavia | large 3.0 13.3 36.9 127
small 3.0 il.0 33.0
( Switzerland/| large 3.1 13.3 41.2 108
( Austria small 1.9 11.0 20.9
( Germany/ large 19.9 13.3 264.,7 688
( DK/NL small 11.9 11.0 130.9
Total 2470
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Table 14 Emissions of volatile organic compounds in

Western Europe (OECD)

Mobile sources

Gascline vehicles ~ Evaporative emissions 1010

— Refuelling
- Exhaust

Subtotal
Diesel vehicles
Aircraft
Railways
Coastal and inland shipping
Subtotal
0il industry
Production
Marine transport and crude terminals
Refineries
Gasoline distribution
Subtotal
Solvents
Manufacturing industry
Natural gas (non-methane)

Selid waste disposal

Stationary combustion

(Tonnes x 10%) (7)
10,1

180 1.8
2500 25.0
3690 36.9

300 3.0
40 0.4
40 0.4
10 0.1
4080 4.8

20 0.2
150 1.5
170 1.7
310 3.1
650 6.5

40720 40.2
410 4.1
650 6.5
110 1.1
90 0.9
100

Total Anthropogenic 10,010

MNatural (Trees, etc.) 10,000

Grand Total

20,010
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EFFECT OF TEST SEVERITY ON EVAPORATIVE EMISSIONS

FUEL: WINTER GRADE (357)

Fig. 3
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EFFECT OF CONTROLS ON EUROPEAN VEHICLES
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Fig. 4
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COMPARISON OF EVAPORATIVE EMISSIONS

Fig. 5

BOUNERND 0804

HLL3C WA

6 LMuN3Y

0D3INOW NILSMH

AATHAHD TIHHXNHA

510800 HI0AOL

03K0Y WA

H1S314 0804

JIALD HONOH

OND 1M1

03H0Y B4

HNOJSH 1340

JIALD BONOH

TS
}
N
Lot
e
(-
=i
I
Led
=
=
o
o &
- = &
o -
- b S
lad @ g
Qe >
3 o
- o o
bad L %
o £
e o
- (4 3]
RN\
-—
()
()
=.
-3
=
T b4
[}
£ ]
LJ &
] ]
= B
% = o
= = -
S B g
O =
l o
® Ty} an] L = tn (Y]
m ny [2¥) it w—y

(1881 /6) SNOISSIWI IATLHYOJBAT THL

Ol

53



concaews

Fig. B

(8d™) dAd 1dnd

01 v6 a8 a a9 ag
p—— T A E a —t—— ——t t %
+ @1
y, + Q<
o / i
/ 1
/ 1 oe
© / O y/uy gg = O T
/ 1891-303 = X \
o i
- B
EEEE 1
- @ag

ALTHIATS dN-WYBM 40 ST13A37T OML 1Y
SNOISSIWI JAILHH0dHAT THLOL NO dAd 40 JONIMTANI

(3821 /B) SNOISSIWI IATLHHOMHAT THLOL

54



Cconcawe

Fig. 7
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Fig. 19

FJONEHD 4

1910 U1 9 91017
nearnmninnn
7 A\ 01D 79| 7
ey W

\ \

\ \

muEzuM;xo e 304 Mmmm -

73N4 OILENIOAXO SH dAY WHS 0L 03103dd0D 3N 35ud
SNOISSINI IAILHNOMHAT THL0L NC SILHNIDAXO 40 FONINTANI

,....mﬁ

-I&

o1

1 82

ts2

Lge

(3s8]/B) SNOISSIWI IAILHYOJUAT THLOL

58



Concawe

(SHNOH) 3WIL

£2 B1 F4 ] %4
F— $ “ “ a1
“dWdL-13n3
= _n_xma_.,lﬂm—.._w ..................
I—
[
X
T
M
A
D
|l_
o
A
1
[
L BE
» Ji
. B1-g 5507 “WNNRIE I
o 521 7304 )
o IE MA tUON 1531
H1E3L MA i3TDIHIA
glidr

b2

(S8NOHY 3JWIL

B1 21 ] e
: } : " 81
“dM31~13N4
© lrmmrlmu_l_m ..................
+st

MA

Bgegy 15507 oNEnis 1
521 e 1| N

a2 MA iTeN 1531
HLI3[ MA $3N0IHIA

JaMiEYIdWIEL

(Je)

e

(SANOH) AWIL
81 21 3

S3MI4088 JaNlbd3dWal IBNaId

T T T

“dW3L-T1E0A
CAHTIIIHE  ceemeremsereeninns

Bg-21 5507 WNAAIG

453 A4
01 MA f£TON 1S3)
HLL3L MA FIDIHIA

Bl

(Do) JANLUHADWIL

59



concawe

12

Fig.

(SABO) dWIL
& AHd b AHO € ABO 2 AbO 1 Avd
gl
Bp-1 = B2 = Bz g = Bg'e = Bgrg = -
5507 TuNHNIO 5507 THNNNIO 5507 THNNNIC 5507 THNENIO 5507 WNNNIO T
-Gl

e,

R ——

*dW3L-03HS

*dW3L-T13N4

' -,
- N
.,

NHOS 1OH MNOH 2 ¥3ldY AT3LHIOIWWI d3Ld81S 1S3L 310N

¢gl 1dn4d 7~
S3TI408d JdNlydddWdl

H113L MA
TTUNANLIA

- G2

(Do) FJdNLyaddWil

60



Cohcawe

(SHMOH) 3WIL

(SdNOHY 3WIL

vz a1 z1 g B b2 81 21 8 a
l : } } Bl } : } : ai
*du3L-130 *dW3L-1304
" gWIL-03HS CAWIL-IIHG oo
-y
M
%
g
3
poo!
i
—t
C
I i
1gz M
[ "
@]
+8E +BE
m [ ]
e
. Bg*g] 5507 WNMNIO L By :55071 “ENENIO ,
hadd 741 21304 Lge 521 #73n4 +ge
w g1 44 $*oN IB3L gi 2L TUON 1531
HISAT4 0HO4 T310IH3A HTI0H0D BLOACL TITDIHIA

SATOIH3A O3 17104 LNODNI

~  G31I1408d 3anlud3idWil

(Do) FHNIUNHISWNIL

b2

(SHNOH) 3WIi
Bl 21 3

“dH3L-T13N04
T T 1 ! R,

Bptiz 15507 ENAENIC

2] £73nd
01 STON 1S3
P52 03H0H HAH SADIHIA

THENANTO

a8

-8

I

£

£

(Do) FANLEAIIWIL

61



Concawe

Fig. 14

DIURNAL TEMPERATURE PROFILES
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COMPARISON OF EXHRUST EMISSIONS
CONTROLLED AND UNCONTROLLED EUROPEAN VEHICLES

Fig. 15
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Fig. 1B
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GLOSSARY OF TERMS

RVE

E70
E100
E150

NO
X

co
HC

psi
kPa

EPA

FEC

CEC

ECE

SHED

FTP

ECE 15 cycle
CEC CF-11 test
procedure

TBA

MTBE

t statistic

RZ

TR IR

Reid Vapour Pressure. This is a standardised
vapour pressure measurement, made at 38°C with a
vapour/liquid ratio to 4:1

percentage evaporated at 70°C
percentage evaporated at 100°C

percentage evaporated at 150°C

Nitrogen Oxides

i Carbon Monoxide
: Hydrocarbon

= s

ar e e an

s

pressure in pounds per square inch
kilopascal (1l psi = 6.89 kPa)

Environmental Protection Agency

Furopean Economic Community

Co~ordinating European Council

Economic Commission for Europe

Sealed Housing for Evaporative Determination

Federal Test Procedure

European urban driving cycle for fuel economy and
emissions

: European SHED test

: Tertiary Butyl Alcohol

e

(un)controlled :

hot soak

TEV
HS
RL

Methyl Tertiary Butyl Ether

used for testing equality of regression
coefficients against one another (a significance
test)

gsquared multiple correlation coefficient

(no) means provided for reducing hydrocarbon
emissions by catalytic converters and carbon
canisters

period where the fully warmed-up engine is
switched off

total evaporative emissions
hot soak losses
running losses
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DL
GC
FID
DT

™

Intercompany

en 4% &w A®

e

'

diurnal losses

gas chromatography

flame ionisation detector

total of increases in fuel temperature over the
24 hour period

maximum fuel temperature in degrees certigrade

0il company co-operative group (volatility test
data)
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APPENDIX I - DETAILS OF EVAPCRATIVE EMISSION CONTROLS ON ALFA
ROMEQ GTV~6, HONDA CIVIC 1,3 AND OPEL ASCONA 1.81

Evaporative emission control systems

Simplified drawings of the evaporative emission control systems
fitted to the three controlled cars are given below (18), and
their operation is described.

Alfa Romeo GIV-6

To prevent vapours from escaping to the atmosphere, a sealed
filler tank cap is provided.

When the engine is soaking, gasoline vapours coming from the
tank are collected into the vapour/liquid separator and then
routed to the charcoal canister, where they are adsorbed and
stored.

When engine is rumning, fresh air is drawn into the canister,
and mixed with gasoline vapours which have been adsorbed on the
activated charcoal.

Then the mixture enters a plenum chamber through the purge line
and is burned.

The air inlet valve allows outside air to enter, in order to
prevent excessive vacuum in the evaporative emission control
system.

intake manifold

\ U
A
~ : 3 8
charcoal “““‘[ I C
canister
[

e, A

fuel tank

A - Alr inlet valve
B -~ Vapour/liquid separator
C - Sealed tank cap

Appendix 1
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Honda Civic

The fuel tank is fitted with a sealed cap (F) (which alseo
functions as a safety valve), and when tank pressure exceeds a
preset value, a two-way valve (E) opens allowing excess vapour
to vent into the canister. The two way valve also acts as a
vacuum relief valve if pressure in the tank falls below
atmospheric,

When the engine coolant temperature exceeds a set value, the
Thermovalve (C) closes allowing manifold vacuum to open the
purge control valve (D). Purge air then flows through the
canister and into the carburettor venturi.

When the engine is hot-goaking, the air vent cut-off valve {A)
closes the float bowl vent to the carburettor and opens a vent
line to the canister. When the engine is running however,
manifold vacuum opens the air vent cut-off valve allowing vapour
to vent into the carburettor. The vacuum holding solenoid valve (B)
stabilises the vacuum supply to the cut-off valve. Finally a
fuel cut-off solenoid valve is fitted (not shown) which shuts
off the main and slow-running metering jets to the carburettor.

1][»——

carburetor T
% '% j»
Afﬂ?t c =
D L
.
5 i p F’”
charcoal l o
canister
il fuel tank
A - Air vent cut-off valve B - Vacuum holding solen. valve
C —~ Thermovalve D - Purge control valve
E - Two-way valve F - Press./vacuum relief filler cap
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Opel Ascona 1.81

The charcoal canister is fitted under the left front wing to
which vapour passes from the fuel tank via hose 4., Purge air
enters the canister via vent line 5 and the vapour/air mixture
flows to the engine via line 2, Purge flow is controlled by a
valve B which is operated by manifold vacuum and opens when the
engine is under load.

1
of &7
? o 3 B A
Ay A
L “

charcoal Lh—mn.__mm ]

canister i
Y i fuel tank
S

l ~ Intake manifold
2 - Purge hose from charcoal canister to intake system
3 ~ Vacuum line from intake system to valve B
4 - Vent line from vehicle tank to charcoal canister
5 - Fresh air venting charceal canister
A ~ Connection of tank vapour pipe to carbon canister
B -~ Purge control valve
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APPENDIX II ~ TEST PROCEDURES FOR EVAPORATIVE EMISSTONS

1. CFC CF~11 Procedure

This test procedure covers the determination of hydrocarbon losses
by evaporation from the fuel system of pasoline engine vehicles,
and is a summary of the full procedure, reference RDF-73-83,

Car preparation

The inlet and exhaust systems of the vehicle should be checked
to ensure that there are no leaks. All dirt and grease should be
removed, preferably by steam cleaning. The vehicle itself should
have completed some 5,000 miles on the road in order to ensure
rhat hydrocarbon evaporation from upholstery, tyres, underseal
etc. has been stabilised. If possible it is desirable to rum the
car at 35°C - 40°C for a period of one-two hours in order to
minimise background hydrocarbon losses.

The fuel tank must be equipped with a thermocouple to allow
temperature measurement of the test fuel at the approximate mid
point of the fuel volume. Fittings and adaptors are necessary in
order to ensure that the tank can be drained from the lowest
point, and that canisters can be fitted to the carburettor and
tank vents.

Preconditioning

i. Ensure that the fuel tank is completely empty and then
fill with approximately ten litres of the appropriate
test fuel.

2. Within one hour drive two ECE~15 cycles on the

dynamometer followed by ten minutes at 80 km/h and then
another two ECE-15 cycles.

3. Within five minutes drive the vehicle from the chassis
dynamometer and park in the soak area.

4. Allow the vehicle to soak for at least six hours and not

more than thirty hours at an ambient temperature of
between 20° and 30°C without starting the engine.

Running loss and exhaust emissions test

i. Empty the tank of the test vehicle and refill with a
quantity of fuel corresponding to 40% of the fuel tank
capacity.
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Connect the tank thermocouple to the recorder and when
the temperature of the fuel has reached 15°C connect
carbon canisters to the appropriate positions on the tank
and carburettor (if applicable). These canisters should
have been pre-weighed.

Push the wvehicle onte the chassis dynamometer.

Operate the vehicle for four cycles according to the
type 1 test required by ECE Regulation No. 15. Take bag
samples and measure exhaust emissions.

Within one minute of completion of the ECE cycles
disconnect the carbon canisters and seal the trap inlets
and outlets.

Weigh the canisters when they have stabilised to the
temperature of the room. Redetermine the weight every
five minutes until it does not vary by more than 0.1 g.

Hot socak test

Switch on the SHED purge blowers.

Zero and gpan the FID hydrocarbon analyser. Switch on the
SHED mixing fan.

Close the bonnet and drive the vehicle at minimum
throttle from the dynamometer to the entrance of the
SHED. Stop the engine before any part of the vehicle
enters the chamber.

Check that the ambient temperature in the SHED is between
26 and 30°C.

Push the vehicle into the SHED and open the windows and
luggage compartment. Connect the thermocouple for
temperature measurement of test fuel.

Start the temperature recording system.

Switch off the SHED purge blowers and close and seal the
SHED doors within two minutes of stopping the engine and
within seven minutes from the time of driving the four
ECE-15 cycles.

Immediately the SHED doors are sealed, wmeasure the
initial hydrocarbon concentration in the chamber using
the FID analyser and recorder. Record the chamber
temperature, the barometric pressure, and the time and
date.
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g, Allow the test vehicle to soak, undisturbed for a period
of 120 minutes from the time recorded above. During the
hot soak the ambient temperature in the chamber should
remain with the range 26 - 30°C.

10. The FID hydrocarbom analyser should be zeroced and spanned
immediately prior to the end of the hot scak period.

11, At the end of the hot soak measure the final hydrocarbon
concentration in the SHED using the FID analyser and
record, Record also the chamber temperature, barometric
pressure and the time,

12, If required take a bag sample of the vapour in the SHED
for hydrocarbon type analysis.

13, Push the vehicle out of the chamber ready to start a new
test. Use a hydrocarbon face mask.

Calculation of evaporative emissions

i, Running losses is calculated by adding the differences
between the final and Initial weights for each carbon
canister.

Z. Hot soak losses are calculated from the following
formula:

C P C P
MHC - K.V x 10"4 HCF "BF _ "HCI "BI
T T
F I

where MHC = mass of hydrocarbon hot soak losses in grams

k= 1.2 (12 + H/C)

V = net SHED volume in m®

CHC = hydrocarbon concentration as ppm carbon
PB = barometric pressure in kPa

T = SHED ambient temperature, K

when I is initial SHED reading
F is final SEED reading
H/C is hydrogen/carbon ratio = 2,2 for hot soak emissions

3. Total evaporative losses are obtained by summing the
running losses and the hot soak losses.
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US Federal Evaporative Emissions test

The following is a summary of the US procedure highlighting
differences between this and the CEC procedure. Details of the
Diurnal test are mot included as this was not used in the
CONCAWE test programme.

Warm—up and exhaust emissions test

1. One hour maximum is permitted between the diurnal test if
carried out and the Federal Test Procedure (FTP).

2. Carry out a normal FTP cycle and determine tailpipe
emissions,

- during the ten minute sovak between Bags 2 and 3,
disconnect, weigh and reconnect the ECS and RCS
canisters;

- run with bonnet open when driving and bonnet
cloged during soak.

3. During Bag 3 of the FTP, prepare for the hot soak test
by,

-~  purging the SHED;

- zeroing and spanning the FID;
- turning on the mixing fan.

Hot soak test

1. At the end of the FTP test,
a. disconnect and weigh canisters;
b. close bonnet;
c. drive the test vehicle off the dyno to the
entrance of the SHED;
d. turn the engine off;
e. push the vehicle into SHED;
f. connect the thermocouples;
£. open boot and windows;
h. record the time;
i. turn the purge blower off;
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3 close the doors within two minutes of engine off
and also within seven minutes of end of the FTP.

The 60 minute hot soak starts with the door closure.
Record the HC concentration at time zero.
Record barometric pressure and SHED temperature.

At 30 minutes, zero and span the FID and measure HC in
the SHED.

At 60 minutes, measure the HC in the SHED.
Record barometric pressure and SHED temperature.

After the test,

a, open doors;
b. open purge opening (WEAR HC MASK);
Ca turn on purge blower and purge SHED;
d. after SHED is purged,
13 disconnect, weigh and reconnect the

canisters;
) disconnect and remove heater;

3 disconnect thermocouples.
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SUMMARY OF TEST DATA ON ALL TEST VEHICLES

Table 1A Summary of tests on fuels 357 and 125 - all cars
(ECE test cycles)
— WINTER FUEL (COBE 357} SIMMER FUEL (CODE 125)
Evap. EXBAUST EMISSIONS EVAF. EMISSIONS EXHAUST FMISSIONS EVAF. EMISS5IONS
VEHICLE contrals | Test (p/test) (p/test) Test {gftest} {g/test}
fitted No. No,
Bag 1 Bapg 2 Total Bag 1 Bag 2 Total
fe e HC RL HS  Total BC HE il AL HS Total
FORD FIESTA no F1 7.8 6.8 4.6 Z.4 8.1 10,5 F2 12,8 9.0 21.8 G G4 4,48
3 1.5 7.5 15.0 | L9 10.0 113 N m 19.6 10.8 30,6 0.2 51 £7
weans 1.7 It 15.8 2.2 9.1 11.3 {imeans ] 16.3 9.9 26.32 a.1 4.8 4.9
TOYOTA COROLLA na iCi 5.5 4.2 9.7 | 4.2 7.4 118 { TC2 - - - 7.9 5.7  B.6
TCh - - - 3.9 12.0 159 || wc3 4.0 4.4 8.4 | 3.7 6.5 10.2
means 4.1 9.7 11.8 ||means 3.2 6.1 9.4
RENAULT 9 ne £2.2 5.3 7.5 0.6 20,6 28.2 5.3 2.3 7.6 2.5 13.4 15.9
8.1 4.0 12,7 | 1.5 15.9 174 - - - 2.6 14,p 6.6
means | 10,2 5.6 i5.7 | T.I 187 19.8 % 137 T3
HONBA CIVIC ne 2.0 4.1 6.1 2.7 B.O 10.7 5.3 3.8 9.1 ¢ 4.5 4.5
a6 3.8 6.4 | O 35 LS
means | 59 38 BB | 0 &0 &0
FORD GRANADA no 7.5 5.6 3.1 4.6 9.9 24.% - - - E.7 6.3 10.6
AUSTIN MONTEGO no 8.7 4.1 17.8 3.7 13.8 17.5 9.7 0.9 30,6 2.9 8.0 10.9
v JETTA no wWt 4.7 4.5 9.2 3.1 18.4  21.5 i w2 2.8 2.7 5. 0.4 7.7 8.1
w3 - - - 2.4 15.6 18,7 § vw4 4.8 4.3 9.1 | 1.3 9.5 10.8
means 2.8 17.1 19.9 limeans 3.8 3.5 7.3 | 8.8 8.6 8.5
FLAT UND TURBD ne L) 4.7 9.1 0 9.2 §.2 3.7 4,2 7.9 0.4 5.9 5.3
ALFA ROMEOD no ARI 8.1 6.4 14,5 6 12,5 14l ARZ 7.5 6.0 13,5 1.7 6.8 8.5
ARD 8.2 5.9 13,9 | 2o 119 13,9 || ara 1.2 59 13,1 | 0 7.8 1.8
means 8.2 5.0 14.2 1.8 ]2.2 14.0 lImesns 7.4 8.0 13.4 6.9 7,3 8.2
VAUXHALL CAVALIER no 5.3 h.6 9.9 1.8 i1.1 4.9 5.0 4.4 9.4 1.3 3.6 4.3
OPEL ASCONA yes - - - 0 1.4 b - - - 0 1.8 1.4
ALFA ROHEQ youd 2.7 0.3 3.0 g 3.2 3.2 2.2 0.3 2.5 0 2.0 2.0
HONDA CIVIC yes fic1c 1.2 0.4 1.6 0 1.2 1.2 |jnczc 1.3 03 1.6 a 1.3 1.3
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Table 2A VW Jetta test data
EXHAUST FMISSIONS (p/test) EVAFORATIVE EMISSIONS SHED TEMP.
Test Fuel Test Bag 1 Bag 2 Bap 3 Toral Federal TYotal | Start End | Comments
No. Type IC 1 H HC R 1S Saak °c °C
L 357 ECE 4.7 4.5 - %.2 3.1 184 - 21.5 27.5 28.0
z 125 ECE 2.8 2.7 - 5.5 G.4 7.7 - B.1 27.5 28.0
3 357 ECE - - - - 2.4 15.8 - 18.2 - - Exhaust analyser fallure
4 125 ECE 4.8 4.3 - 9.1 1.3 9.5 " 10.8 26.5 28.0
5 357 Fed. 11.0 11.5 13.0 35.5 15.6  17.5 5.6 331 27.5% 29.0
6 357 90 km/th - - - - 23.9  25.3 49,2 26.5 28.0
7 357 901 ¥ max - - - B 17.3 36.4 - 53.7 27.0 28.0
B 7 ECE 6.1 h.9 - 1.0 2.4 13.4 % 15.8 26.0 28.0
9 71 Fed. - - - - 8.7 12.6 6.3 1.7 29.5 30.0
10 42 FEE 5.3 4.7 - 10.9 2.9 13.2 - 16.1 3.8 31.5
|3 16 ECE 5.8 5.3 - 1i.1 0.8 4. B - 3.6 26.4 28.0
¥ 16 ECE 5.7 5.3 - 11.0 [ 4.8 - 5.8 7.0 8.4
i3 T ECE 3.6 4.9 - 10.5 3.9 i3.9 - 17.8 27.9 28.4
E4 15A ECE 13 3.5 - 6.8 0.3 10.5 - 10.8 26.0 28.0
k5 4 ECE 5.1 b - 9.7 5.0  20.1 - 25.1 26.0 7.0
1] 4 ECE 5.1 4.5 - 9.6 5.0 17.8 - 22.9 25.0 26.2
i7 354 ECE - - - - 2.0 16.5% - 18.5 26.0 6.4
13:] 358 ECE - - - - 2.7 15.5 - 18.2 6.0 27.0 1 Exhoust analyper foailure
9 3 ECE 5.4 5.1 - 10.5 5.0 1B - 23.90 26.2 27.0 " " "
24 42 ECE 5.1 ] - in.o k.4 1.8 - 5.2 25.8 21.0
21 3 ECE 4.7 4.9 - 9.6 4.9 19,2 - 24,1 24,4 27.0
22 3 90 km/h - - - - 41.7 32.B - 4.5 30.0 29.5
23 16 9} kmfh - -~ - - 7.6 8.5 - 16,1 7.0 29.0
24 4 90 kmfh - - - - 04.2 35.1 - 79.3 27.0 27.5
25 42 99 km/h - - - - 17.1 la.} - 3i.2 27.0 27.5
26 71 90 km/h - - - - .2 37.7 - 41.% 26.0 27.5
27 125 90 km/h - - - - 6.8 31.5 - 38.3 7.0 8.0
28 4 90 jum/h - - - - W2.8  29.6 - 72.4 28.0 26.0
29 42 90 km/h - ~ - - 15.4 5.t - 30.5 26.0 27.0
30 35E ECE 5.6 4.4 - 10.0 3.0 - - - - -
3 £25 90 km/h - - - - 7.9 3.0 - 20,9 26.0 25.0

Not included in total
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Table 34

Tord Fiesta test data

EXHAUST EMTSSIONS EVAPORATIVE LOSSES SHER TEMF.
{p/rest) {g/test)
Test Fuel Test Bag i Bag 2 Bag 3  Total Federal Total | Srarc End | Comments
No. Type KC HC HEC i RL Hs Soak o °C
FF 1 157 ECE 1.8 6.8 - 14,6 2.4 B.1 - 10.5 26.5 26.5
2 125 ECE 12.8 9.0 - 2.8 ] boh - hoh 25.5 26.5
3 157 ECE 1.5 7.5 - £5.0 1.9 [JURA] - 11.% 1.5 27.5
4 125 ECE 13.8 10.8 B 306 G.2 5.1 "k 5.3 27.5 28.0
5 157 Fad, 16.9 1.8 16.% 54.0 1.6 1.7 25.5 8.0
b 157 90 km/h - - - - 14,2 10 - 37.2 8.5 31.0
7 357 902 V max - - - - 14.8 16.0 - it B 8.0 5.8
§ FA ECE 17.4 8.9 - 26.3 0 §0. 1 ek 10.1 7.0 1.5
9 T Fed. 24, 24.5 16.2 65.0 E.5 8.9 Oulay 10.4 5.0 8.2
14] 357 Fed. 14,1 2.1 k6.7 51.%9 3.5 9.4 0.8 12.9 29.0 28.5
H 357 98 km/h - - - 15,3 16.0 - 31.5 1.0 3.0
b2 42 ECE 6.9 6.7 - i3l.6 1.G 1.5 - 8.5 1.0 9.2
i3 42 ECE 7.7 1.2 - i4.9 1.2 8.3 - 2.3 0.0 30.2
14 16 ECE 13,7, 9.4 - 23.1 0.3 4.3 - 4.6 9.0 3jo.0
15 71 ECE 206 11.0 - il.6 0.1 1.9 - 8.0 7.0 28.0 | Bag | result suspect
16 16 ECE 11.9 1.1 - 22.0 0.2 1.7 - 1.9 5.0 7.0
17 11 90 &m/h - - - - 0.2 3.1 - 1.9 26,0 26.3
18 4 ECF 9.2 7.1 - 16.3 1.4 11.8 - 13.2 26.0 2t.0
19 4 ECE 7.2 6.4 - 13.4 2.4 [E 1 - 16.5 6.8 2.5
P4 3 ECE 11.8 8.1 - 19.9 2.6 12.9 - 15.5 24.5 1.0
2t 3 ECE i7.1 i0.2 - 27.1 0.2 122 - 12.4 8.0 2B.0
22 ] 99 km/h - - - 1.2 11.90 - 15,2 25,5 30.0
23 354 ECE i5.0 6.9 23.% a.7 1.5 - 11.2 6.0 27.0
14 02 90 km/h - - - - 0.3 6.1 - 6.4 27.0 271.%
25 35E ECE 18.1 B.6 - 26.7 0.1 1.7 - 8.0 6.0 6.0
26 §5A ECE 1. 1.2 = 1.1 G 5.6 - 5.6 26.0 26.5
Fr 11 90 km/h - - - - o 1.5 - 7.5 8.0 LR
28 4 940 km/h - - - - 9.7 21.7 - .4 26.0 26,0
19 125 90 km/h - - - - 0.8 1.0 - 7.8 26,0 6.9
19 3 90 km/h - - - - 6.2 131 - 19.1 26.40 27.0
*
ax SJuspect result
Mot included in total
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Table 4A Toyota Corolla test data
EXHAUST EMISSIONS {g/test) EVAPGRATIVE LOSSES SHED TEMP.
Test Fuel Test Bag Hag 2 Tetal RI. HS Federal Total Stars End | Comments
No. Type e R He gleese  gltest Soak gltest °c °C
¢ 1 357 ECE 5.5 0.2 9.7 6.2 7.4 - 11.6 27.5 26.5
2 125 ECE - - - 2.9 5.7 E 3.6 26, % 26.5 Exhaust analyser fatlure
3 125 ECE 4.0 [} B.4 3.7, 6.5, - 0.2, | 27.5 8.0
4 as7 ECE 5.0 4.9 9.9 T4 28.6 - 35.7 32.% 3.5 Spillage suspected
5 57 Fed, - - - i8.3 12.2 B.1 36.5 26.5 28.0 | Exhaust analyser Fallure
6 357 ECE - - - 3.9 12.0 15.9 26.0 27.0
7 351 93 ka/h - - - 9.4 14.9 - 24.3 27.0 27.5
a 357 90X V max - - LS 319.8 28.3 - 60.1 28.4 29.0
9 71 Fed, - - - 9.8 12.0 6.7 28.5 29.4 | Exhaust analyser faflure
10 71 ECE 5.9 5.1 1.0 4.5 15.0 - 9.5 27.0 8.0
il 42 ECE 5.h 4.8 19.2 2.9 10.% - i3.8 29,5 30.0
12 42 ECE 4.7 h.5 9.2 3.0 12.1 - i5.1 28.5 3t.0
i3 7l ECE b.U 5.1 1.1 6.2 17.0 - 23.2 28.90 0.0
14 16 ECE 7.5 5.1 12.6 4 5.4 - 5.4 2%.5 36.0
i5 16 ECE 6.2 4.9 11.1 2.5 5.5 - 8.0 27.2 28.2
16 4 ECE 5.3 4.7 160 7.2 22.7 - 9.9 27.9 28.0
i7 4 ECE 4.8 hod 8.9 9.5 i8.6 - 281 26.0 27.2
i8 4 90 km/h - -~ - 6.2 16.2 - 524 25. 4 26.4
9 3 ECE 5.3 4.6 9.9 5.9 20.5 - 26.4 26.0 27.0
20 1 ELE 5.3 b4 9.7 5.3 18.3 - 231.6 26.0 27.5
21 3 90 km/h - - - 7.6 19.3 - 46,9 27.06 28.0
22 354 ECE 6.3 5.4 11.7 4.9 14.4 - £9.3 30.5 30.0
23 16 90 km/h - - - 7.8 5.5 - 3.4 27.0 28.0
24 42 9¢ km/h - - - 14, F 7.8 - 1.9 25.6 27.0
25 4 90 &m/h - - - a1.7 21.1 - 62.8 26.0 27.5
26 71 80 km/h - - - 22.3 §5.7 - |0 7.0 27.5
27 a5y 98 km/h - - - 20.3 2.5 - 1z2.8 26.0 6.0
3 125 9 km/h - - - 6.1 7.6 - 13.7 26.0 1.0
29 71 9% km/h - - - 25,4 i3.7 - 9.t 6.0 27.5
el 154 ECE 6.0 5.2 11.2 0.5 - - - ~ “ Ho SHED test
3l 35E ECE 6.6 .9 1.5 3.6 - - - - - " " "

*
Sugpect rosults
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Table 5A Alfa Romec test data {uncontrolled version)

EXHAUST EMISSIONS EVAPORATIVE LOKSES SHED TEMP.
(glrest) (gfrest)

Test Fual test Bag 1 Bog 2 Bag 3 Totnl Federal Tetal Start End Cotmment s
No. Type HC HC HC fic R1 Hs Soak c ¢
Al 1 357 ECE 8.1 6.4 - 14.5 1.6 12.5 - 14,1 27.5 28.0

2 125 ECE 7.5 6.9 - 13.5 i.? 6.8, - 8.5, 26.5 28.90

3 357 ECE 2.2 0.3 - 2.5 3.2 20.2 - 23.4 29.5 3.5 Sugpect test

4 125 ECE 7.2 5.9 - 13.1 0 7.8 = an 7.8 26.0 8.0

5 357 Fed. 12,7 13.1 B.4 £3.5 15.3 n.m. 26.0 28 .90

6 357 90 km/h - - - -~ 10.4 23,4 - 33.8 26.5 29.0

7 357 90% ¥ max - - - - 11.4 316.0 - 494 6.0 28.5

a 71 ECE 9.1 6.4 - E5.5 2.1 12.0 - 14,1 26.0 7.0

9 71 Fed. 14,9 14.3 9.4 1.4 21.6 0.2 6.0 29,2

10 71 93 kmfh - - - - 5.3 19.9 - 25,2 7.5 19.0

1) 42 ECE 7.5 5.5 - i1.0 3.2 9.8 - 13.0 27.0 30,0

12 42 ECE b.5 5.2 - 11.7 1.1 13.0 - 14.1 2.0 2.0

13 it ECF 7.8 5.7 - 13.5 3.4 16.9 - 20.3 3i.0 2.0

th 16 ECE 7.8 5.8 ~ 13.7 1.9 6.8 - 8.7 8.0 9.5

15 16 ECE B.8 N = 15.2 0.1 6.6 - 6.7 26.0 28.0

16 357 ECE 8.2 5.7 - 13.9 2.0 §1.9 - 13.9 26.0 27 .4 Repent of ARJ

17 4 ECF 7.0 5.0 - 12.0 4.4 i5.8 - 0.2 26.0 27.%

18 4 ECE 6.0 4.6 - 10.6 4.0 H - 0.5 27.0 28,5

19 3 ECE 7.9 6.0 - 13.9 3.4 16.1 - 21.5 26.5 28.0

20 3 ECE B.2 b4 - 14.6 4.3 i4.8 - 9.1 2.0 9.0

21 354 ECE 6.9 5.3 - 12.2 1.9 0.7 - 2.6 2.0 9.0

22 154 ECE 6.6 5.0 - 11.6 .G 7.8 - 3.8 25.0 27.0

23 35E ECE 7.4 5.3 - 12.7 1.8 N - 9.4 25.0 26.0

24 I ECE - - - - 1.0 16.9 - £7.9 26.0G 6.0

25 157 ELE - - - - 0.8 8.1 - 8.9 25.0 26.0

26 I5E ELE 7.5 5.1 12.4 [ - - - - -

L
Suspect Terults
*% a.n. = pot measured
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Table 6A Honda Civic (evap. controlled model) test data

Comment s

EXHAUST EMISSTONS EVAPORATIVE LOSSES SHED TEMP.
{pltest) (g/test)
Test Fuel Test Rag § Start End
No. Type il 38 HE °C °C
fC 1C 357 ECE [.2 d.4 .6 a t.2 i.2 27.8 27.5
2c 125 ECE E.3 G.3 F.6 0 f.3 1.3 28.0 28.5
i 354 ECE 1.0 0.2 1.2 0 i 1.4 21.5 8.0
4c 15A ECE 1.1 0.3 1.4 0 1.8 1.8 28.0 29.0
5C 125 90 km/h - - ] 1.6 t.6 0.0 0.0
6C 315a 90 Wm/h - 4] 1.9 HAL 8.0 30.5
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Table 7A Diurnal tests using VW Jetta
Test Ho, VW D V¥ 2D VW 3D Vi 4l V4 SB Vi 6D Vi 7 Vi Bi
Fuel 57 125 125 125 i25 125 175 125
Starting conditions Engine cold | Engine cold | Engine cold | Engine hot Continued Continued Continued Cortinuad
{after HS) from 4D from 5D from BD from 70

Temp. measured SHED  FUEL j SHED  FUEL | SHERD  FUEL | SHED  FUER | SHEDR  FUEL SKED  FUEL | SHED  FUEL § 3#ED FUEL
Temp. st start (°C) 22,0 140 §32.0 17,8 | 22,5 13,01} 22,6 23.7 205 206§ 1%.5 20,0 | 1%.3 19.0 | 21.0 Q0.4
" "1 hour 22,0  1n.0 32,3 1902 [ 23,6 §7.0% 226 23.3 [ 210 21,0

" "2 22.2 9.2 | 32.4 0.3 | 23.0 19.0 1 22.5 3.2 2.3 LR

" '3 21,7 20.5 | 32.3 215 {230 20,7 22.3  23.% §21.5 1.5 1.0 §19.7 7 20,3 20,0 | 21.5 21.2
" o4 2.5 21.2 | 32,0  Zh.1 23,4 2. .%  12.B | 215 21.7

" "5 21,6 21.8 | 31,9 27,0 | 23.0 22.3 ] 21.B 22,4 2k.6  21.8

" "6 21,6 22,0 | 320 29.6 | 23,0 23.0 | 21,4 22,1 |2i.6 21,8 18,8 19.4} 205 21.9} 21.6 22.0
s L 285 21.9 3.2 30.5 | 22.5 23.0 | 2.4 22.0 y 21,5 22.0

" " B .o 2.7 jo,s 0.7 22,5 2.8 1.4 22,0 ) 21,4 21.9

" "9 2005 Z1.4 29.5 30,2 | 223 22.8 | zL.1 22.0 | 21,1 2.7 18.5 19.2 | 20,5 I1.0 ; 21.6 22.0
" " 1o 20,3 21.2 | 28,6 299 | 22,4 23.0| 20,8 21.8 | 209 2.6

" U 19.%  21.0 | 28,0 29.3 | 22.5 73.0 ) 20.7 21.6 0.7 21.3

" ¥ 19.8 20.8 | 27,5 28,8 P 22.4 22,9 20.7 21.6 i 20,5 21,2 £8.0 19.0 | 20.0 20.7 .6 1.0
" b K9.% 2006 | 27,2 2B.2 ;22,1 22,80 0.5 2R3 § 2004 21,2

b "o 9.6 20.5 | 26.5 27.% ; 22.0 X2.6 | 2.4 2v.4 ] 2002 21,2

" *15 19.7  20.4 | 26,0 37,4 | 22,0 22,5 20.%2 211 J200 209 ) 7.3 B35} 19.7 20.2 § 2E.5 21.8
" 16 19.8 20,3 | 25.5 26,9 | 220 22.5| 20.0 21.0 | 19,7 20.6

e "7 20,2 20.5 | 25.1 6.5 | 22.2 22.7 0.0 20.8 19.5 20.2

" 1B 0.4 20,5 | 25.0 6.0 [ 22,3 22.7 19.8  20.7 9.4 20.2 17,5 18.2 lg.5  20.1 R0 21,35
" "9 21.5 211 | 25,4 26,0 [ 22,4 22,7 9.8 20.5 f 9.4 20,2

" "z LY 203 | .0 25.8 [ 2206 23.0 ¢ 19.9  20.4 | 19.5 20,1

" 3| 22,0 20,7 | 27,3 270 | 22.9 230 19.9 24.5 §9.5 20.8 18.0 18.3 2.0 20,0 | 22.0 21.3
" "2z 22,2 22,0 | 2705 20,3 | 23,0 23.2 | 0.0 20.3 | 19.5 20.0

" "3 22.6 22,5 | 27,5 27.% | 23.8 23.6 ) 20.4 20.6 | 19.5 20.0

" "o24 22.8 22,7 | 2B.0 27,9 § 23,5 24,0 20.5 20.6 ] 19.5 20.0 4 19.3 19.0]) 21.0 20.4 | 22.4 1.0
Max. temp. 22.8  22.1 | 3z2.0 307 23.8 24,0 22.6 137 21,6 22,0} 19.5 20,0} 21.0 21.0 ] 22.4 22.0
hin. temp. 19.6 4.8 | 25.0 17.8 | 22.0 13.0 19.8  20.4 8.5 20,0 17.5 ta. 2 19.3 £9.0 { 21.0 20.4
Sum of temp. increases 3.2 10,3 1.5 15.0 I T § 3.6 3.5 1.2 1.4 1.8 G.B 2.7 2.4 2.0 2.3
g HO at end 12,6 15.7 9.1 5.5 3.3 2.2 2.7 14
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Table BA Diurnal test data - other vehicles
Test no. U§ HC 1D us HC 2D ARC 1D ARD B TC i FF 1B DAC 1
Vehicle US Honda Civie | US Honda Civic] Alfa Romeo Alfa Romeo Toyots Corolla]| Ford Fiesta Cpel Ascona
Lontr. Centr.
Fuel 125 125 125 125 125 125 125
Starting condltion Engine cold Engine cold Engine cold Engine cold Engine cold Engine cold Engine cold
Temp. measured SHED FUEL SHED FUEL SHED FUEL SitEs FUEL
SHED FUEL SHED FUEL SHED FEEL
Starting temp. °C 26.5 t8.5 17.5 13.5 23.3 14.0 24,4 13.5 24.5 15.0 21.0 15.0 23.0 15.5
Temp. after | hour 4.6 1.1 19.3 16.0 6.0 18.0 4.5 1%.9 24.35 19.9 21.0 18.0 23.2 19.0
" vz 24.5 2.5 19.7 11.7 26.0 20.0 4.7 18.0 24.1 2.0 71.0 19.7 23.4 20.6
" o3 4.0 3.2 0.7 19.0 26.0 2.5 4.9 19.8 23.5 22.9% 21.0 20.3 23.2 2.3
H YA 23.9 3.4 20.6 19.7 26.5 23.8 25.3 z21.2 23.5 23.5 20.8 20.9 22.8 22.2
" “o5 236 23.8 20.8 20.3 24.5 25.0 4.8 22.3 23.0 23.5 20.6 1.0 22.5 22.5
" " 0 23.4 4.0 21.2 20.9 23.5 23.5 24.0 23.0 2.6 23.2 20.5 21.0 22.3% 22.8
" "7 23.2 23.8 21.6 21.2 22.5 25.2 23.5 23.5 2.3 23.1 20.5 21.0 22.4 22.7
A " 8 22.8 23.7 22.2 22.2 2:.0 24.8 22.9 231.3 22.0 23.0 H.4 21.1 22.4 22.7
* " 9 22.5 23.3 22.0 22.3 25.5 4.2 23.3 23.2 21.6 22.5 20. 4 21.0 22.2 22.6
" "0 22.6 23.4 22.9 22.3 21.5 23.8 4.0 24.0 21.5 22.3 2.2 20.5 1.9 2.5
“ "o 22.5 73.2 22.1 22.4 1.0 23.5 24,0 24.0 21.5 22.2 9.9 20.6 2.8 22.3
" ¥ 22.3 23.1 22,1 22.5 21.0 .o 23.9 24.0 21.5 22.1 19.7 20.4 21.5 22.2
" L & 2i.8 1.0 22.1 22.5 20.5 2.7 23.8 24.9 21.5 22.1 19.6 28.2 2E.5 22.2
" L 11 21,5 22.7 2.0 2.3 0.5 2.3 23.8 24.1 21.5 22.1 1.5 20.1 21,4 22,1
" " 15 281 22.3 21.5 22.2 20.0 22.0 23.7 24,2 21.5 22.1 14.5 20.0 21.5 221
" R ] 21.3 22.2 21.2 22.1 20.3 2.8 240 264.2 21.4 22,1 19.5 28.0 21,5 22.6
* oy 21.5 22.2 20.9 2.9 0.5 21.5 24.0 24.2 2.4 2t.9 9.5 20.0 21.5 22.0
" Y 1B 21.8 22.3 0.6 28,7 21.0 21.5 23.8 2.4 2E.5 2.6 19.5% 0.0 21.7 22.1
" " 19 22.1 22.2 20.3 21.4 2.5 21.5 24.3 24.5 2.8 2.9 19.7 20.2 21.7 22.3
" "0 22.9 2.7 20.0 28D 22.5 2.8 24.5 24.6 22.3 2z.1 20.2 20.5 21.7 22.3
" von 23.4 3.0 19.8 20,9 2.8 2.0 24.5 4.7 2.6 22.5 20.4 21,0 22.0 224
" o2z 25.3 23.9 19.5 20.5 23.0 22.3 24,5 4.8 22.6 21.0 20.6 2E.0 22.3 22.5
" T3 24.5 24.0 19.5 20.4 3.0 247 24.5 24.6 22.5 22.9 21.0 2E.0 22.5 22.7
" "o24 24.35 2.3 19.6 20.3 23.5 23.0 24.7 4.5 23.3 23.5 2.5 21.0 2.9 23.0
Hax. temp. 24 .6 4.3 22.2 22.5 26,5 25.5 25.3 24.8 23.3 23.5 21.5 211 23.4 23.0
Hin. temp. 21.1 18.5 17.5 13.5 20.0 14.0 2.9 13.5% 2h.4 15.0 19.5 15.0 Z1.4 £5.5
Sum of temp. Increapes 3.2 7.6 4.8 9.0 4.5 13.0 2.7 1l.8 1.9 10.2 2.0 7.1 1.9 8.3
HC ar end 4.1 3.2 4.5 1.4 1.4 1B.9 2.6
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Table 94 Analyses of vapour in SHED versus fuel
VW Jetta
FUEL 3 FUEL 4 FUEL i& FUEL 42
Carhon Saturate (%) GG Analyses GC Analyses GC Apalyses GC Analyses
no. of Olefin (0) | Vapour{V)} Fuel(F} Ratio | Vopour{V) Fuel(F) Ratie | Vapour{V} Fuel(F} Ratle | Vapour(V) Fuel{F) Ratiqg
molecule Aromaties (A) wt % wt X V/F wt % wtZ v/F wt % wt % viF wt % wt T Wiy
2 S+ 0 ¢ 4] - o 0.02 - 0 Q.01 - 0 Q -
3 5+ 0 0 0.2 - 1.0 6.8 8.8 o] 0.67 n G 6.3 -
4 5 13.3 6.9 1.9 47.3 10.8 4.4 18.5 2.40 1.7 2.4 .9 1.8
¢} 4.1 0.7 5.9 1.2 0.3 3.0 1.4 0,47 B.8 2.4 0.3 8.0
5 5 i9.8 13.1 1.5 i2.9 4.8 2.7 .7 .94 3.7 4.4 1.7 b1
[} i7.3 6.5 2.7 5.1 0.8 6.4 1E.& 1.51 7.8 5.6 3.1 1.8
& 4 i5.3 10.5 1.5 24.3 535.4 0.4 10.6 8.17 1.3 10.0 35.2 0.3
0 13.9 5.6 2.5 4] 0.5 - o 1.58 - 1.7 i.6 1.3
A 3.1 1.3 2.4 a.7 0.2 3.5 2.8 2.91 1.0 18.6 2.7 6.9
7 s 7.8 3.4 2.3 1.5 1.3 E.2 3.8 4,58 0.8 9.1 3.7 1.6
o] 0 2.5 - 0 0.3 - 0 1.91 - 0 0.9 -
A 5.4 E.5 3.4 0 0.% - 4.8 7.95 0.6 21.7 6.7 1.2
7+ $4+0+A [y} 47,4 - 0 24.3 - 11 57.48 0.1 0 28.9 -
MeOH Oxy. 6 o - 0 0 - 0 0 - o 0 -
TBA Oxy. 0 0 - 0 0 - 0 0 - o 0 -
MTRE Oxy. 2] 1] - 0 0 - G 4] - ¢} o] -
Torals by: bag GC 828 423 146 822
(ppm) by: SHED FIRD 762 620 §:14) 415
Ratio GC/FID ;.18 0. 68 ¢.81 1.66
FUEL 71 FUEL ESA FUEL 354 FURL _J5%
Carbon Saturate (5} GC Anplyses GC Analyses GC Analyses GC Anulyses
no. of Olefin (@) | Vapour(V} Fuel(¥) Ratto | Vapour(V¥) Fuel{¥) Ratio [ Vapour(V) Fuel(F) Ratlo | Vapour{V} Fuel(F) Hatioc
molecule Aromatics (A) wt % wt L ViF wt % wt % V/F wt % we % \743 wt T wt 1 V/F
2 5+ 0 0 Q.0F - G 1] - 0 { - 0 G -
3 5+ 0 o 0.14 - Q0 0 - Y 4 - 0 0.1 -
4 5 281 B.B 3.2 4.3 0.4 10.2 B.5 2.1 4.0 26.2 6.1 4,3
] 8.9 1.9 5.4 4.7 0.7 6.7 2.k 0.3 7.0 0 ¢l -
5 5 40.7 3.5 3.0 .0 12.7 3.1 3. 18.0 i1 37.% 16.6 2.3
4} 7.8 2.0 3.9 12.6 5.9 2.1 0.7 4.3 2.5 i.9 0.3 6.3
& S 6.3 3.7 1.7 25.8 14.3 i.8 6.4 10.8 1.5 16.6 9.3 1.8
0 0 1.6 - 4] 1.5 - 4.8 2.7 P8 1.3 1.7 0.8
A L. 7 2.8 0.6 3.0 1.5 2.0 1.2 .5 0.8 5.3 1.3 4.1
7 H t.1 4.9 G.2 5.8 5.9 1.0 i7.2 7.6 2.3 1] 8.2 -
0 Q 2.1 - 1] 1.5 - ] 1.9 - 2.4 kol 2,2
A 2.4 1.3 0.2 Q 25.2 - 0 8.3 - 1.5 4,5 0.3
T+ § + 0+ A 3.0 47.4 0. 06 0 24.8 - 0 32.5 - 0 41.9 -
MeOit axy. 4] [} - 0.8 3.3 0.24 0.2 3.0 0.07 0 3] -
THA Oxy. G 0 - 3.0 2.3 ) 0.8 2.0 G.4 0 0 -
WTEE Ony. it 0 - ¢ 0 - 4 0 - 7.4 4.8 0.8
Totals by: bag GC 437 135 504 379
(ppus) by: SHER FID 479 384 602 568
Ratioe GC/FiD 0.91 0.35 0.83 0.67

84




@EC)gﬂngﬂ“ﬂygg Appendix 4

APPENDIX IV ~ EFFECT OF AMBIENT TEMPERATURE ON EVAPORATIVE
EMISSIONS

Effect of ambient temperature caps on evaporative emissions

Ambient temperature will clearly have a major effect on
evaporative emissions, as it will affect the temperatures of a
vehicles fuel system, and especially the cool-down rate,
However, the only way to study this effect using the SHED test
procedure would be to use a controlled climate chassis
dynamometer and SHED, Such a facility was not available for this
test programme, and all tests reported were carried out within
the official recommended temperature range of 26-30°C,
corresponding to az summer climate.

The most comprehensive published work in which ambient
temperature was varied was a programme carried out for the API
by the US Bureau of Mines in the late 60s/early 70s (15, 16). In
two programmes they examined emissions from a wide range of
uncontrolled US vehicles at four ambient temperatures (20, 45,
70, 95°C or -7, 7, 21, 35°C) using a carbon canister measurement
technique. Filg. 1A summarises their results and shows a dramatic
increase in evaporative emissions with increasing temperature.

A more recent programme (17) carried out by the EPA looked at
diurnal and hot~soak emissions over a limited temperature range
for current US vehicles (with canisters). Their results,
summarised in Fig, 2A also show a dramatic effect of temperature
on diurnal emissions, but only a relatively minor effect on
hot~soak emissions. This may be due to the much greater
quantities of vapour causing canister breakthrough in the
diurnal tests, or to the fact that the bulk fuel temperature
does not reach ambient levels in the hot-soak test, whereas this
is the temperature quoted in the diurnal measurements.
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