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| nt roduction

1. The purpose of this docunent is to provide guidance to the Parties to
the Convention in identifying VOC control options and technical and
non-techni cal measures, including economc instrunments, to enable themto
reduce substantially the present |evel of em ssions of pollutants from

sel ected nobil e sources, as stipulated in the Protocol

2. It is based on options, techniques and non-technical nmeasures for VOC
em ssion reduction and their performance and costs contained in officia
docunentation of ECE and its Inland Transport Comrittee, the Executive Body
to the Convention and its subsidiary bodies, the International Civil Aviation

*/ Prepared by the Secretariat on the basis of comments submtted by
Parti es.

Thi s document has not been formally edited.

Document s prepared under the auspices or at the request of the Executive Body
for the Convention on Long-range Transboundary Air Pollution for GENERAL
circulation should be considered provisional unless APPROVED by the Executive
Body

GE. 99- 31251



EB. Al RF WG. 5/ 1999/ 9
page 2

Organi zation (I CAO), the International Maritime Organization (I MJ), the

Commi ssi on of the European Communities, the United States Environnmenta
Protecti on Agency and on suppl ementary informati on provided by governmental |y
desi gnat ed experts.

3. Unl ess otherw se indicated, these techniques and neasures are consi dered
to be well established on the basis of substantial operating experience and
in sone cases take into account the |atest scientific advances in conbating
at nospheric pollution caused by gases emtted from nobile sources, which by
the tine the protocol enters into force will become fully operational and
econom cally feasible in nost Parties to the Convention as stipul ated by

| aws, e.g. ECE regul ations, European Union directives, the United States
Clean Air Act, as anmended in 1990, and the Canadi an Vehicle Safety Act of
1997.

4, The choice of pollution control techniques and measures for any Party
may depend on a nunber of factors, including |egislative and regul atory
provi sions, existing refinery infrastructure, present vehicle fleet, etc.
but in general they should be applied on a harnoni zed basis throughout the
ECE region, if the em ssion reduction targets are to be achieved.

5. It should be borne in mnd that nobile sources of VOC em ssions are al so
sources of other pollutants, mainly NOx but also SOx and particles. In the
choice of control options, all polluting em ssions should be consi dered

toget her and proven trade-offs fully taken into account, e.g. fuel VOCs and
NOx, in order to find the nost cost-effective conbination of avail able

control techni ques and measures.

6. The docunent reflects the state of knowl edge and experience of VOC
control measures which had been achieved by 1998. As this knowl edge and this
experience continuously expand, particularly with new vehicles incorporating
| ow-em ssion technol ogy and refornmul ated and alternative fuels, the docunent
needs to be updated and anended regul arly.

MAJOR MOBI LE SOURCES OF VOC EM SSI ONS

7. Maj or mobil e sources of anthropogeni c VOC em ssions include

(a) Road vehicles:

- Passenger cars;

- Li ght-duty vehicl es;

- Heavy-duty vehicl es;

- Mot or cycl es and nopeds;

(b) Of-road vehicles and machines:

- Agricultural and forestry tractors and machi nery;
- I ndustrial and construction machi nery;
- O her engi ne applications such as | awmnmowers, chai nsaws, etc.

(c) Aircraft:
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(d) Navi gati on vessels:
- Shi ps and other marine craft;
- I nl and wat erway vessel s;
- Qut board boats;
(e) Rai | engi nes.
8. VOC emi ssions fromthese nobile sources and particularly from notor
vehi cl es have been divided into:
(a) Tai | pi pe em ssi ons;
(b) Evaporative and refuelling em ssions; and
(c) Crankcase em ssions.
9. Road transport (excluding petrol distribution) is a mjor source of

ant hr opogeni ¢ VOC emi ssions in nmost ECE countries and contributes between 30
and 45% of total man-made VOC enmissions in the ECE region as a whole. By far
the | argest source of road transport VOC em ssions is the petrol-fuelled
vehicl e, which accounts for 80%of total traffic em ssions of VOCs (of which
30 to 50% are evaporative em ssions).

10. Evaporative em ssions depend on climatic conditions, fuel properties and
vehicle use patterns. Refuelling em ssions result primarily from petrol use
and depend to a large extent on its properties (aromatic, oxygen and benzene
content). Evaporative and refuelling em ssions fromdiesel fuels are very
low. Their levels are simlar to those of tail pipe VOC enissions from

di esel -fuell ed vehicl es.

11. VOC enissions fromoff-road vehicles and machi nery are inportant and
account for 10% of national totals in the ECE region. Petrol-fuelled
two-stroke engines are the | argest single source category. The proportion of
em ssions fromoff-road vehicles will increase as em ssions from road
vehicles are gradual ly being reduced.

12. VOC enission estimates from shipping and air traffic are grow ng
steadily. Although they are dispersed over |arge areas or air volunes, they
contribute significantly to photochem cal ozone fornmation

13. Most ECE countries have enacted regulations that |limt the em ssions of
pollutants fromthe nobile sources |isted above, focusing primarily on road
and off-road vehicles. Em ssions fromaircraft and ships are being regul at ed
mai nly by international organizations, e.g. |ICAO and | MO, respectively.

14. Until other data become avail able, this document concentrates on road
vehicles, off-road vehicles and machines, aircraft and ships, and contains
techni ques and neasures to neet air quality objectives in the npst
cost-effective way derived fromscientifically sound data.
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ROAD VEHI CLES

A. Ceneral aspects of control options and technigues for VOC em ssions
fromroad vehicles

15. The road vehicles considered in this docunent are passenger cars, |ight-
duty vehicles, heavy-duty vehicles, notorcycles and nopeds. They may be

equi pped with positive-ignition engines and conpression-ignition engines
fuelled nostly with unl eaded petrol, diesel fuel, liquefied petroleum gas
(LPG), conpressed natural gas (CNG and biofuels, where appropriate

16. This docunent deals with both new and in-use vehicles. It focuses on
four main control options related to vehicle technol ogy, fuel properties,
programes for enforcing durability and naintenance and non-technica
measures, e.g. economcally and environnmentally efficient use of road space.

17. It also provides guidance on the influence of changes in petro
properties on evaporative and refuelling em ssions, e.g. so-called

reformul ated petrol, and lists options for replacing conventional fuels by
liquefied petroleum gas (LPG, compressed natural gas (CNG, ethanol, etc.
whi ch coul d be enmpl oyed to reduce VOC em ssion. Fuel-volatility control is
the single nost effective nmeasure that can be taken to reduce VOC eni ssions
fromin-use notor vehicles.

18. Vehicle technol ogies that incorporate catalytic converters with
spark-ignited petrol engines require the use of unleaded petrol, which in
nost ECE countries is widely available. Mreover, the marketing of |eaded
petrol will be prohibited in the European Union (EU) from 1 January 2000 and
phased out in the ECE region by 2010.

19. The use of after-treatnent technologies in positive-ignition engines
like catalytic converters and in diesel engines |ike oxidation catal ysers and
particle traps requires the use of |ow sul phur fuel, maxi mum 0.05% S content,
to avoid their premature degradation. Such fuel is available on the United
States and Canadi an market and in certain European countries. It has been
agreed that both petrol and diesel fuel shall have a maxi mum sul phur content
of 0.005 % from 2005.

20. It is inmportant to ensure that em ssions remain low in service and that
vehicles are well maintained in use. This can be done by ensuring ful
useful-life durability, control in real-world conditions, conformty of

production, recall of defective vehicles, warranty of emnission-contro
conmponents, and inspection and mai nt enance.

21. VOC em ssions may be partly controlled by using clean fuels. Such fue
has enhanci ng properties, which neans that it |owers the em ssions from an
exi sting vehicle, or is a fuel for which there is a dedicated engi ne concept,
t oget her reducing em ssions. Refornulated conventional fuels, for instance,
may be used in severe climte conditions and/or in a problemregion/area.

Cl ean-fuell ed vehicles may be encouraged for fleets used in problem
regi ons/ ar eas.

22. Non-technical neasures influence the nmanagenent of |ong-di stance and
urban traffic, may protect sensitive areas, and play a role in reinforcing
techni cal options and neasures. They include, inter alia, efficient and
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environnental |y acceptable transport systems, traffic restrictions and
econom c instruments, mainly fiscal incentives. Their nmaxi mum estimated
combi ned em ssion reduction potential, particularly for urban areas, is quite
| arge. They also help to reduce other harnful effects of traffic expansion
such as noi se and congestion, and inprove road safety.

23. Cost figures for the various control techniques, if given, represent the
costs of individual neasures or components, but do not take into account the
cost of conmbining these with autonotive engines. They are expected
production costs rather than retail prices, and do not take into account

adm ni strative and regul atory costs or social costs. Due to the fact that
the sanme control technique may reduce different pollutants sinmultaneously,
the indicated cost figures may al so be attributed to other em ssion

reducti ons than NOx.

24. The rel ati onshi ps between di fferent control options or techniques, and
particul arly between engi ne technol ogi es, fuel properties and exhaust

em ssions, are conmplex and may result in trade-offs between different
pollutant em ssions. This is especially true for petrol: w th upgraded

bl ends VOC emi ssions increase while those of NOx decrease or vice versa.

25. To cope effectively with such situations, conputer-equi pped vehicles are
manuf actured to be adaptive to a wi de range of market fuel properties.

Nei ther drivability nor em ssions need be affected by a sudden fuel quality
change. Vehicles |acking this control may be nore sensitive to fue
properties, which would affect em ssions. Diesel vehicles, for instance,
tend to require nore strictly controlled fuel to perform adequately.

26. The application of VOC control techniques also reduces in the same
proportion em ssions of toxic conpounds, some of which are well known

carci nogens. Reformul ated fuel specifications may include such requirenents,
e.g. for benzene.

27. The aerosol em ssions of lubricating oil fromtwo-stroke engi nes such as
not or cycl es, nopeds, outboard engi nes, handheld tools, etc. are substantia
and known to be toxic and carcinogenic. The cost-effective and efficient use
of bi odegradable oils for such applications can considerably reduce this

probl em even for existing engines. The additional cost by use of

bi odegradabl e oils conpared to conventional two-stroke oils is less than 5 US
cents/litre of consuned fuel. This additional cost will decrease as denmand

i ncreases. Mandatory use of biodegradable oils for two-stroke applications
and/or inportant fiscal incentives for biodegradable oils, two-stroke engines
shoul d be considered as a configuration to solve the environnmental problens
of aerosol em ssion

28. A variety of control options and techniques are avail able and can be
m xed to control different pollutants sinultaneously. However, their use
shoul d take into account well proven reverse and synergistic effects and
their nost cost-effective conbination

B. Control technigues for tailpipe em ssions fromroad vehicles

Engi ne technol ogy for petrol-fuelled passenger cars and |ight-duty vehicles

29. The mmin techniques for controlling VOC em ssions are listed in table 1.



EB. Al RF WG. 5/ 1999/ 9
page 6

Tabl e 1. Tai | pi pe em ssion control techniques for petrol-fuelled
passenger cars and light-duty vehicles

Esti mat ed
addi tional series
producti on cost

(DEM

Rel ati ve VOC
Technol ogy option em ssion | eve
to base

A Engi ne nodi fications
(el ectronic control, EGR, 800 N. A.
single/multi-point fue
injection, auxiliary air
i njection).

B. Cl osed- | oop three-way 100 0
catal ytic converter plus
evaporative em ssion control

C. Advanced catal ytic converter
(trimetallic, close or under 50-70 200- 350
body, greater catalyst
| oadi ng, heated catal yst)pl us
secondary air.

D. Low em ssi on concept,

i nt egrated conput er - managed
control system (advanced EGR 20-50 200- 500
i nproved-control) run on

cl ean fuel w th enhancing
properties, for lowlifetine
tail pi pe and evaporative

em ssi ons.

30. The reference technology for petrol-fuelled engines is option B, a
three-way catalyser in a closed-1oop configuration designed in response to
the requirements of the 1990 amendments to the United States Clean Air Act
and of the 1994 anendnment to European Directive 70/ 220/ EEC, correspondi ng
al so to ECE Regul ation No. 83, 02 series. This technology achieves |arge
reductions in em ssions not only of VOCs, but also of CO and NOX.

31. In engine nodifications, single-point injection and nulti-point
injection of petrol are the standard fuelling systens for em ssion control
offering an optinmal air-fuel ratio distribution between cylinders, while
dual - oxygen sensors (the addition of a second sensor after the catalytic
converter) makes it possible to adjust the air-fuel ratio as required, thus
i mproving the conversion efficiency of the catalytic converter

32. In response to regul atory programes for further VOC emi ssion reductions
(e.g. in Canada and the United States), advanced cl osed-1oop three-way

catal ytic converters have been devel oped and i npl emented. Their features
relate to different catal yst compositions, greater catalyst precious netal

| oadi ng, close coupling of the catalytic converter, heated catalytic
converters, etc.

33. The inportant operating catalytic converter paranmeters are warmup and
light-off time. The quicker catalytic converter warmup can be achieved

t hrough several design features like the type of precious netal and its
content, precious nmetals ratio and the | ocation of the catalytic converter on
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a front or rear brick. The nopst advanced trinetallic catalytic converters on
ceram ¢ support have a typical Platinun Palladi um Rhodiumratio of 1:25:1.
The installation of a light-off catalytic converter in addition to the main
catal ytic converter and secondary air injection can efficiently pronote
reduced catal ytic converter off-tinme. Durability is a standing issue with
design of faster |ight-off.

34. Engine and em ssion control systemwarmup has great influence on tota
VOC em ssions, particularly in a cold climate or when driving short distances
only. Quick functioning of the control systemis essential. VOC enission
may ot herwi se be 10 tinmes higher when driving at -7°C than at to +20°C.

35. Two-stroke engine cars are a special category. They have very high VOC
em ssions. However, their production in sone parts of Europe has ceased and,
subsequently, their use substantially decreased.

Di esel -fuel | ed passenger cars and |ight-duty vehicles

36. Table 2 summarizes avail able control technol ogy options.

Tabl e 2. Tai | pi pe em ssion control techniques for diesel-fuelled
passenger cars and light-duty vehicles

Technol ogy option Rel ative Cost (DEM
em ssi on
l eve
A Conpression-ignition engine with 800 N. A

indirect injection (ID) or swrl
conbusti on chanber and oxi dation
cat al yst.

B. Engi ne nodifications (DI or ID 100 0
engi nes, turbochargi ng and
i ntercooling, EGR, electronic
control, fuel injection
managenment, etc.).

C. | mproved after-treatnent; 50-70 200- 350
catal ytic converted and/ or
particle trap, and/or CRTY

D. Low em ssi on concept, integrated 20-50 200- 500
comput er - managed control system
(advanced EGR, inproved-control)
run on clean fuel w th enhancing
properties, for lowlifetine
tail pi pe and evaporative
em ssi ons.

*/ Continously regenerated trap
(conmbi nation of particulate trap and
oxi dation catal yst)

37. For diesel-fuelled engines, indirect injection with pre- or swrl
conbustion chanmber is the nmost conmmonly used technol ogy. When conmbined with
el ectronic engine control providing for nmore precise fuel injection and
metering, including the pressure at which the fuel is injected, they are al so
t he nost capable of achieving | ow enmission levels as stipulated by the
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reference | aws at optinmum cost.

38. The injection pressure of fuel is one of the key paranmeters relating to
em ssions from di esel engines. The higher the pressure, the better the

atom zation of the fuel, resulting in nmore efficient conmbustion and | ower

em ssi ons.

39. Another engine design, the direct injection conbustion chanber, is often
associated with intercool ed turbocharged concepts and with additiona

em ssion control devices like EGR injection punp technol ogy and oxi dation
catal ysers.

40. The | ower exhaust temperatures in diesel engines as conpared to those
fuelled with petrol Iimt catalytic converter light-off tine and efficiency,
especially at cold start in urban driving.

41. In response to future regulatory programmes for further VOC em ssion
reducti ons beyond the year 2000 and 2005, nore advanced eni ssion contro
technologies will be required. They focus, inter alia, on engines having

fully electronic systenms, inproved conbustion control, higher cylinder
pressures and particle traps.

42. The increnmental costs of different changes related to vehicle technol ogy
with a potential to reduce em ssions on average by 30 to 40% could add up to
ECU 500, dependi ng on the engine capacity, to the cost of a vehicle, or up to
3-4% of its present production cost. However, estinmates for diesel vehicles
are less certain than for petrol vehicles.

Engi ne technol ogy for diesel-fuell ed heavy-duty vehicles

43. Avail able control options for heavy-duty vehicles are al nost the sane as
for light-duty ones. 1In addition to very high pressure fuel injection
turbochargi ng and charge air intercooling are standard concepts for all high-
rated di esel engines. Therefore, the baseline engine configuration is option
A.  Moreover, all heavy-duty vehicle engines are direct injection diese

engi nes.

44. An oxidation catalyst will not remain efficient unless the fuel’s

sul phur content is sufficiently low ~ 50 ng/kg. However, it is difficult to
mai ntai n an opti mum operating environment for such a catalyst, which results
in lower efficiencies of no nore than 50 to 70% The catal yst reduces the
sol ubl e organic fraction of the VOCs, leading to a | ower particle nass.

45. Fleets, such as urban buses, may be equipped for alternative fuel use
e.g. gas of fossil origin (CNG or biofuel. The cost of such a nodification
is high but can be offset by substantial reductions in pollutant em ssions:
up to 90% for VOC, NOx, CO and particles depending on the fuel considered.

46. The costs of control techniques for heavy-duty vehicles are higher than
for passenger cars and light-duty vehicles, but if the anount of pollutants
emtted and the kilonetres travelled are considered then they are conparable.

47. The trend in devel oping further control technology for heavy-duty
vehicles through the use of electronics, apart fromvariable pressure
turbocharging, is simlar for passenger cars and |light-duty vehicles.
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Mot or cycl es and nopeds

48. VOC emi ssion control technol ogies for notorcycles are sunmari zed in
table 3. Current ECE Regul ation No.40 can normally be met w thout reduction
technol ogies. Austria’ s and Switzerland' s standards require oxidizing

catal ytic converters for two-stroke engines in particular

Tabl e 3. Tai | pi pe em ssion control technol ogi es and performance for
not or cycl es

Em ssion level (%
Technol ogy option Cost (US$)”
2-stroke 4-stroke

A Uncontrol | ed 400 100 -50350
B. Best non-cat al yst 200 60
C. Oxi di zi ng catal yst,

secondary air 30-50 20
D. Cl osed- | oop three-way

catal ytic converter n. a. 10™

Addi ti onal production cost estimates per vehicle.
Avail able for a few specific notorcycle types, mainly in Austria
and Switzerl and.

49. After-treatnent technology is also available for nmotorcycles and nopeds.
For two-stroke nopeds with small oxidizing catal ytic converters, a
VOC- emi ssion reduction of 90%is achi evabl e, at an additional production cost
of US$ 30-50. In Austria and Switzerland, standards requiring this
technol ogy are already in force. EU is introducing the sane requirenents
starting from 1999.

50. Mbdtorcycle em ssions of VOCs are highly dependent on driving patterns.
G ven their higher weight and | oad capacity, em ssions from 3- and 4-wheelers
tend to be high.

51. The fuel consunption and the resulting em ssions from two-stroke

nmot or cycl es and nopeds can be substantially reduced, by 30 to 40% and by 80%
respectively, by applying nodern fuel-injection technol ogy al ready
successfully applied to two-stroke outboard engi nes.

C. Controlling the performance of in-use vehicles

Control of evaporative and refuelling em ssions

52. Evaporative em ssions consist of fuel vapour emitted fromthe engi ne and
fuel system They are divided into:

(a) Diurnal em ssions, which result fromthe "breathing” of the fue
tank as it is heated and cool ed over the course of a day and night;

(b) Hot-soak enissions produced by the heat fromthe engine after it is
shut down;

(c) Running |osses fromthe fuel systemwhile the vehicle is in
operation; and
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(d) Resting |osses such as from open-bottom cani sters (where used).

53. The control technology typically used for evaporative em ssions from
petrol -fuell ed vehicles includes changes related to the fuel system e.g.

i nproved pi pework, connectors and fuel tank, a charcoal canister (and
associ ated plunbing) and a purge systemto burn VOCs in a controlled manner
in the engine.

54. The single nost cost-effective nmeasure to reduce VOC emissions is to
reduce volatility of in-use petrol. Therefore, effective evaporative
em ssion control requires the consideration of:

(a) Control of petrol volatility, adjusted to climatic conditions; and
(b) An appropriate test procedure.

In general, evaporative enission control systens can provide the degree of
control desired, especially during severe ozone-prone days, only when the
volatility of in-use petrol corresponds to that of certification-test petrol

55. The United States evaporative em ssion control programe resulting from
the 1990 Clean Air Act anmendments and that of Canada follow ng the Vehicle
Safety Act of 1997 have enphasi zed reduced-volatility fuels for use in sumer
and an inproved test procedure to encourage advanced evaporative contro
systems that are expected to substantially inprove the in-use control of the
four em ssion sources mentioned in paragraph 50 above.

56. In the case of petrol- and al so nethanol -fuelled vehicles, the present
evaporative emni ssion standards set in the United States and Canada require
that three tests be conducted: a three-diurnal plus hot-soak test, a

suppl enental two-diurnal hot-soak test and a running | oss test.

57. A list of control options, reduction potentials and cost estimates are
given in table 4, with option C as the best avail able control technol ogy at
present, representing a significant inmprovenent over option B

Table 4. Evaporative em ssion control measures and reduction potentials for
petrol -fuel |l ed passenger cars and |ight-duty vehicles

VOC reduction

potential (%Y Cost (US$)#

Technol ogy option

A Smal | canister, |enient RVP¥ <80 202033
limts, 1980s US Test Procedure

B. Smal | canister, stringent RVP 80- 95
limts,# 1980s US Test Procedure

C. Advanced evaporative controls, >95
stringent vapour pressure
limts,¥ 1990s US Test
Procedur e¥

v Rel ative to uncontrolled situation
2 Addi ti onal production cost estimates per vehicle.
¥ Rei d vapour pressure.
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Y Based on United States data, assuming an RVP linmt of 62 kPa during
war m season at a cost of US$ 0.0038 per litre. Taking account of
the fuel econony benefit associated with | ow RVP petrol, the
adj usted cost estimate is US$ 0.0012 per litre.

¥ United States Test Procedure of the 1990s are designed for the nore
effective control of multiple diurnal em ssions, running | osses,
operation under high anbient tenperature, hot-soak conditions
foll owi ng extended operation, and resting |osses.

58. The fuel econony benefits associated with evaporative em ssion controls
are estimated at |less than 2% The benefits are due to the higher energy
density, and | ow Reid vapour pressure (RVP) of fuel, and to the conbustion
rat her than venting of captured vapours.

59. In principle, emssions that are released during refuelling of vehicles
can be recovered by systens installed at petrol stations ?Stage 11? or by
systems on board vehicles, including in-use safety of on-board vapour
recovery systenms. Both controls are a well-established technology in the
United States and Canada, and in certain European countries ?Stage |I1? has a
100% cover age.

60. ?Stage I1? controls can be inplenented nore quickly since service
stations in a given area can be fitted with these controls and benefit al
petrol -fuell ed vehicles, while on-board systens benefit only new vehicles.

61. A fuel dispensing spitback test nmay be conducted to control a vehicle’'s
refuelling em ssion control system

62. \Vhile evaporative em ssions fromnotorcycles and nopeds are at present
uncontrolled in the ECE region, the sane general control technol ogies as for
petrol -fuelled cars can be applied.

Cl eaner or refornmul ated fuels

63. The quality of fuels can have a significant inpact on VOC eni ssions,
primarily in relation to evaporative em ssions and al so as regards the use of
catalytic converters. Ceaner or reformul ated fuels have sel ected fue
parameter values that differ from conventional ones, but are still within
their standard ranges. For petrol, the changes concern its volatility
related to md-range distillation (E-100), S content and aromatic content,
while for diesel fuel they concern also S content, cetane number,

pol yaromati c content and residue (T95). Table 5 gives typical refornmnul ated
fuel paranmeter val ues.
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Table 5. Selected typical paraneters of reformulated fuels
United States Eur opean Uni on?
Par amet er Ref or mul at ed Oxygenat ed fue
gasol i ne (RFGQ (2.7 wt % Pet r ol Di esel
Phase | oxygen)
RVPY 7.2/8.1-S 8.7-S 70/ 60 (kPa)
(8.7-9)¥
Aromatics 23.4 (28.6) 25.8 42/ 35 (40) 1-11
(vol %
Benzene (vol % 1.0-1.3 (1.6) 1.6 2.3/1.0
Aefins (%v/v) 13/ 14-18
Sul phur 302 ppm (338) 313 ppm 150/ 50 ny/ kg 350/ 50 ng/ kg
(300 ppm) (450 ppm
Oxygen (% mm 2.7 2.3/2.7
Density (kg/ n¥) 820/ 825- 845
Cet ane numnber 50/ 51
Lead 0.15 g/ 1 ¥
Not es:
v Rei d vapour pressure.
2 ...l... after 1 January 2000 and as from 2005
g Conventional or base fuel paraneters.
¢ The marketing of |eaded petrol would be prohibited in the European

Comunity from 1 January 2000,
sal es and phased out

64. Refornul ated petro
reduci ng VOC emi ssi ons,

ai ns at

em ssions of NOx and CO
(2% and the maxi num benzene cont ent
and Met hyl
olefin content and introducing winter-time fue
RFP can achieve a 15 to 17% reduction in both ozone-form ng VOCs
from nmot or vehicl es.

cont ent
content, mainly
oxygen) .
and toxic em ss

65. I n general

aromati c content
i ncreases NOx em ssions.

(RFP),

et hano

ons, i.e.

reduci ng the S content
em ssions especially with a warnmed-up catal ytic converter
(particularly benzene)
The latter

1.3 but adi ene,

through its | ower volatility,
but to a | esser

tertiary butyl

in petro

ext ent

(19,

et her

happens due to the | ower

sal es authorized up to 0.5% of tota
in the ECE region by 2010.

(MTBE),

efficiency of the catalytic converter with | ow aromatic fuels.

66. Di ese
density,

exi sting fleet,

67. Di scount ed
0.011 for petrol

fue
| owering aromatics,
af fected by diesel

may be inproved by freeing it from sul phur
whi | e retai ning high cetane nunber.
formul as may be used in the
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hi gher fuel standards is the capital cost of re-equipping refineries, which
accounts for 60% of the total cost of their introduction on the market.

Programmes for enforcing durability and nmai ntenance

68. In general, the rate of pollutant em ssions increases as the vehicle
ages. As a prerequisite for durable em ssion control systems or ?full usefu
life? of vehicles in terns of emssion |limts, nonitoring progranmes are
needed under which manufacturers are responsible for recalling vehicles that
fail to neet the required standards. To ensure that the owner has no
production-rel ated probl enms, manufacturers should provide warranties for

em ssi on-control conmponents.

69. A relatively small nunber of very poorly maintained vehicles are
responsi bl e for nost of the pollution fromroad vehicles. This explains the
i mportance of carrying out programmes for enforcing durability and

mai nt enance (I/M. They can reduce pollutant em ssions by ensuring that
vehi cl es have em ssion control systems in working order and conply with
emission limts when in use. Well designed and enforced I/M progranmes help
to identify heavily polluting vehicles so that they can be repaired.

70. There should not be any devices to reduce the efficiency or switch off
the installed on-board em ssion control systens during any operating

condi tions except when indi spensable for trouble-free driving (e.g. cold
start or during other specific conditions that nmake OBD nonitoring
particularly unreliable). It nust be ensured that em ssion control systens
are working effectively in all inportant real-life conditions, e.g. the
United States and Canada and the new European Union cold start standard with
specific emssion limts for CO and HC.

71. The I/ M progranmmes are conplenentary to nonitoring programes and shoul d
i npose nore robust engines and control systens. They shoul d di scourage
vehicle owners fromtanpering with or disabling the em ssion controls,

t hrough direct enforcenent, economc instrunents and public information

72. I nspections should verify that em ssion controls are in their origina
wor ki ng order and that the rate at which the pollutant em ssions increase,
i.e. degradation, corresponds to the vehicle age and the I/Mregine in place
In general, these effects are lower if the I/Mreginmes are nore advanced

73. In table 6 different I/Mregines are given. They correspond to the
present practices in Europe, the United States and Canada. As a m ni mum
requi renment the Rules for periodical technical inspections of wheel ed
vehicles (comercial and | arge passenger vehicles) in international traffic
establ i shed under the Agreenent concerning the Adoption of Uniform Conditions
for Periodical Technical Inspections of Wheel ed Vehicles and the Reciproca
Recogni ti on of such Inspection done at Vienna on 13 Novenber 1997 shoul d be
consi der ed.
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Table 6. Typical in-use I/Moptions/reginmes in Europe and North America

A Programmes to check the conformty of vehicles in circulation
(1) Conformty of production
(2) In-service conpliance (recall)

B. Peri odi ¢ roadworthi ness tests (em ssions + safety)

(1) Uni form conditions for periodical technical inspections of
wheel ed vehicl es (ECE/ RCTE/ CONF. / 4)

(2) Renot e roadsi de sensing
(3) Enhanced short transient test cycle roadworthiness tests
or renote roadsi de sensing of vehicle em ssions

(4) Evaporative enission test
(5) Checki ng on-board di agnosi s system (OBD)

74. I/ M progranmes can be beneficial for all types of control technol ogy by
ensuring that in-use vehicle em ssion |levels are as close as possible to
those of new vehicles. Additional repair costs can be offset by savings in
fuel consunption.

75. The purpose of the on-board di agnostic system (OBD) is to ensure proper
em ssion control system operation for the vehicle’ s lifetime by nonitoring

em ssion-rel ated components and systens for deterioration and mal function and
to call the attention of the driver so that repairs are carried out. |Its
cost as undi scounted has been evaluated in Europe at up to ECU 100 per
vehi cl e.

Non-t echni cal neasures

76. Non-technical neasures with respect to |ong-distance traffic include
different regulations pronoting a shift fromroad traffic, both passenger and
freight, to nore environmental | y-efficient nodes of transport, such as rail
maritime, inland waterway and conbi ned transport, through tactical

structural, financial and restrictive elements. Regulatory restrictions and
incentives may |lead to the use of |less polluting vehicles and fuels, limt
traffic and/or lower its volune and introduce road tolls and taxes,
particularly in ecologically sensitive areas.

77. Wth respect to urban traffic, non-technical neasures aimat better
integrating |land use and transport planning, gradually introducing cleaner
vehicles and fuels and pronoting ecologically-friendly nobility for optim
use of road space and environmental benefits. They may include traffic
restrictions and alter personal nobility, e.g. parking policies, park-and-
ride provisions to encourage comuters to use public transport and speed
regul ati ons, bringing into use extra-Ilow polluting vehicles for delivery

fl eets, business cars, public bus and taxi services, limting access to
sensitive city areas and devel opment of pedestrian and cycling facilities and
infrastructure

78. Sonme non-technical neasures are of an econom ¢ nature and include road
pricing in general, public transport subsidies, vehicle sales taxes, fue
taxes and scrap subsi di es.
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79. Non-technical neasures, although not elaborated in this docunent, wll
be gradual |y devel oped within the Progranmre of Joint Action adopted at the
Regi onal Conference on Transport and the Environment held in Vienna from 12
to 14 Novenber 1997Y.

CONTROL TECHNI QUES FOR EM SSI ONS OF VOCs FROM MOBI LE SOURCES OTHER THAN ROAD
VEHI CLES

l. OFF- ROAD VEHI CLES AND MACHI NES

A. CGeneral aspects of control techniques for off-road vehicles and
nmachi nes

80. This chapter of the docunent considers all nobile or portabl e nmachines
wi th conmbusti on engi nes excludi ng passenger cars, light-duty vehicles, heavy-
duty vehicles, motorcycles and nopeds. Em ssions fromships and aircraft are
di scussed in chapters Il and II1l below. Exanples of such vehicles and

machi nery include agricultural and forestry tractors, construction equi prment,
| awnmower s, chai nsaws, etc.

81. VOC emi ssions fromoff-road vehicles and nachines are inportant and
account for up to 10 per cent of national totals in the ECE region. Petrol-
fuell ed two-stroke engines are the | argest single source category. The
proportion of em ssions fromoff-road vehicles will increase as em ssions
fromon-road vehicles and stationary sources are reduced.

82. Estimating em ssion rates from sone off-road sources can be

ti me-consum ng when the information required to conpile the inventory is

| acki ng. For machines the present market offers a wi de variety of combustion
engi nes. Advanced lists of em ssion factors for such engines are avail able
e.g. Switzerland and United States.

83. Substantial progress has been achieved in the devel opnent of engine
technol ogy, exhaust gas and particulate after-treatment and fuel technol ogy,
maki ng it possible to reduce VOC enissions fromoff-road vehicles and

machi nes at reasonable cost. In addition, electrically powered alternatives
exi st for many applications.

84. It is inportant to ensure that new engi ne-eni ssion standards are
mai ntai ned in service. This can be done through inspection and mai ntenance
programmes, ensuring conformty of production, full useful-life durability,

warranty of em ssion-control conponents, and recall of defective vehicles and
machi nes.

85. Enforcement, maintenance and inspection programes for off-road vehicles
and machines will be nmore difficult to inplement than for road vehicles.

86. Fiscal and financial incentives will encourage the introduction of
| ower - em ssi on technol ogy.

87. \hatever neasure is taken to either reduce fuel consunption or inprove
overall efficiency such as reduced wei ght, reduced air resistance or hydro-
dynam c resistance, it will also reduce the resulting em ssions.
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88. Mbst em ssion reduction neasures which are already well established for
on-road engines can be transferred to off-road engi nes. These neasures are
descri bed in paragraphs 15-76 above.

89. It is often easier to install reduction technologies in off-road units,
as there are fewer space and weight restrictions.

B. Control technol ogies for VOC enissions fromoff-road vehicles and
nmachi nes

90. State-of-the- art control technol ogy options for off-road spark ignition
engi nes are: evaporative controls, engine nodifications (carburation

ignition systens, fuel injection, air injection), oxidation catalysts, open-
and cl osed-loop three-way catalytic converters, cleaner fuels, etc.

91. State-of-the-art control technol ogy options for off-road diesel engines
are: inproved conbustion chanber design, exhaust gas recircul ation

el ectroni ¢ engi ne managenent, inproved injection systenms and turbochargi ng
and intercooling, oxidation catalysts, SCR, particular trap systens, humd
air nmotor technique (HAM, cleaner fuels, etc.

92. Spark-ignited two stroke engines are a special category, as they have
very high VOC em ssions. Attenpts are under way to apply engine

nmodi fications and catalytic after-treatnment to this type of engine. Data are
needed on the reduction potentials and durability of these solutions.
Furthernore, different two-stroke engines that have significantly | ower

em ssi ons have been and are currently bei ng designed, based on direct

i njection and other inprovements. |In sone applications, two stroke engi nes
are being replaced by four-stroke ones.

93. Changes to the specifications of conventional fuels such as reducing
petrol volatility and additions of oxygenates to petrol can reduce both
evaporative and exhaust em ssions of VOCs. |In addition, the use of sone
alternative fuels in petrol and diesel engines can al so reduce VOC eni ssions,
especially the toxic conmponents. Especially in the case of two-stroke

engi nes e.g. chainsaws and | awnnovers the em ssion of toxic conponents |ike
benzene can be very high. Today, for such machi nes special fuel qualities
with much | ower contents of benzene and other aronmatics are available. Their
use can reduce the em ssions of benzene and other aromatics up to 98 %

Tabl e (new) shows typical parameter val ues of such-low aromatic fuels for
two- stroke and four-stroke engines.

Tabl e 6. Sel ected typical parameter values of |ow aromatic fuels for two-
stroke and four-stroke engi nes

Par anet er Swedi sh norm (SS 15 54 61) and
Swi ss norm (SN 181 163)

Research octane nunber RON mn. 95

Density (kg/nB) 680- 720

Sul phur content (%mm max. O. 002

Benzene content (%/v) <0.1

Aromati c content (%/v) <0.5

Lead content (ng/l) 2-5
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94. Several after-tratnent technol ogi es such as catal ytic converters and
particul ate trap systens are also suitable for the retrofitting of in-use
machi nes.

. SHI PS AND BOATS

A. General aspects of control technol ogy for VOC em ssions from ships

95. There are two mmjor sources of VOC em ssions fromthe maritinme sector,
whose rel ative inportance varies fromcountry to country dependi ng upon
geographical location and traffic density. These are em ssions from pl easure
craft (two-stroke outboard engines) and em ssions stenmng fromthe | oading
and unl oadi ng of volatile cargoes fromtanker ships.

96. Em ssions from pleasure craft can contribute up to 8% of national VOC
em ssion totals. Control neasures for such em ssions are described in

par agr aph 89 above and can easily reduce the em ssions by nore than 80% A
nunber of ECE countries have al ready introduced regul atory neasures to reduce
em ssions fromsnmaller boats and pleasure craft, especially as inland waters
are often used as drinking water reservoirs, in addition to other

envi ronnental concerns. EU is preparing a directive on pleasure craft

engi nes.

B. Control technol ogies for VOC eni ssions from ships

97. Vapour recovery systens, both on board and at term nal, can reduce the
em ssion by 98% and shoul d be inplenmented according to the technical guidance
devel oped by IMOin MsC/cirk 585 on Standards for Vapour Em ssion Contro
Systens.

98. Fiscal and financial incentives will encourage the introduction of
| ower - em ssi on technol ogy.

I11. Al RCRAFT

A. CGeneral aspects of control technology for VOC enissions fromaircraft

99. This document deals with all aircraft engines.

100. The limts on aircraft engine em ssions of unburned hydrocarbons as
contained in Annex 16, volunme 11, to the Convention on International Civi

Avi ation (the Chicago Convention) as may be anmended fromtine to tine, may be
used for controlling the VOC em ssions fromturbo-jet and turbofan engi nes
during | andi ng and take-off (LTO cycles within the Protocols to the
Convention on Long-range Transboundary Air Pollution

101. Only LTO eni ssions have so far been covered by the Protocols to the
Convention on Long-range Transboundary Air Pollution with respect to enission
inventories as part of national totals. Cruise em ssions fromdonestic
flights can al so be considered as another part of national totals. Cruise

| evel em ssions may be nore harnful. However, emi ssion factors fromthe

crui se phase are nmore uncertain than fromLTO cycles. Studies have been
initiated within | CAO on new em ssions control paraneters that would include
crui se em ssions.
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102. Aircraft engines and aircraft with engines smaller than 26.7 kN thrust
are included in em ssion inventories but are not subject to internationa
regul ation at present. |If they becone subject to regulation, it should be
borne in mnd that an aircraft’s lifetime is about 30 years and, therefore,
new technol ogy penetrates slowy. Retrofitting may therefore be considered
when changi ng engi nes.

103. Emission-related | evies, such as an en-route levy or a fuel levy, could
encourage the introduction of | ower-em ssion technol ogy and are being studied
by | CAQ.

104. There is also scope for reducing fuel burn and hence em ssions through

i nproved operational neasures such as nore direct routings and inplenentation
of conmuni cations, navigation, surveillance/air traffic managenent (CNS/ ATM
syst ens.

B. Control technol ogies for VOC enissions fromaircraft

105. State-of-the-art control technology for aircraft engi ne em ssions
enconpasses fuel -air managenent optimn zation for existing engine types and
two staged fuel conbustion concepts for some energing nmedium to high-thrust
subsonic aircraft engine types, which are beginning to enter into service.

106. Ot her conbustion concepts such as | ean/prem xed/ prevaporized (LPP) and
rich burn/quick mx/lean burn (RQL) are being investigated for application to

a second generation of supersonic aircraft engines. However, such engines
are not expected to enter into service until at |east 2006.

Endnot e

1/ See docunent ECE/ RCTE/ CONF./ 3/ FI NAL



