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EU AIR

POLLUTION

LEGISLATION

Emission standards for light
and heavy road vehicles

EMISSION REQUIREMENTSfor light road ve-
hicleshave existed inthe eu sincetheearly
1970s, whilethefirst requirementsfor heavy
vehicles came in at the end of the 1980s.
Compared with the usand some European
countries (Sweden, Norway and Austria),
the EU waslatein introducing requirements
that were strict enough to force the use of
catalytic convertersin petrol vehicles.

The current exhaust emission require-
ments regulate four groups of compounds:
nitrogen oxides (NOx), hydrocarbons (HC),
carbon monoxide (co) and particul ate mat-
ter (Pm). Of these, carbon monoxideisless
significant from the point of view of health
and theenvironment. For light vehicles (un-
der 3.5 tonnes) the emission standards dif-
fer depending on the enginetype (petrol or
diesel). Emissions of the greenhouse gas
carbon dioxide are not currently regulated
for any type of vehicle.

Theway inwhichthe emission standards
for light and heavy road vehiclesin the Eu
have been stiffened over theyearsisshown
intables1and 2. Thestandardsfor both light
and heavy vehicles are designated “Euro”
and followed by anumber (usually Arabic
numerals for light vehicles: Euro 1, 2, 3..,

and Roman numerals for heavy vehicles:
Eurol, 11, I11..).

Emission standardsalso exist for two and
three-wheeled vehicles (motorcycles and
mopeds) and for engines for non-road ma-
chinery, but these are not covered here.

Test cycles

Emissions are measured using a standard-
ized test cycle that is designed to simulate
real driving. For light vehicles the entire
vehicleistested and emissionsare measured
in g/km. For heavy vehicles the engine is
bench-tested and the results are expressed
in relation to the engine power (g/kWh). A
vehicleor enginethat istested and approved
inoneEu country may then be sold through-
out the union without any requirement for
further testing.

Light vehiclesare subjected to atransient
cycle in which the vehicle follows a pre-
scribed driving pattern that includes accel-
erations, decelerations, changes of speed
and load, etc.

In the case of heavy vehiclestwo differ-
ent test cycleshavebeen usedinthe Eu since
2000: onetransient (ETC, European Transient
Cycle) and one stationary (Esc, European

Road traffic’s share of total emissions in the EU15 2001.
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Stationary Cycle). The stationary cycle
consists of asequence of constant engine
speed and oad modes. Smoke opacity is
measured on the ELR (European Load
Response) test.

For thetype approval of new heavy ve-
hicleswith diesel enginesaccordingtothe
Euro |11 standard (year 2000), manufac-
turers have the choice of using either of
these tests. For type approval according
to the Euro IV (year 2005) limit values
the emissions have to be determined us-
ing both the ETC and the ESC/ELR tests.
The latter also applies to the category
Enhanced Environmentally friendly Ve-
hicles (EEVS).

Outside the EU several other test cy-
clesare used, so emission standardsfrom
different countriesarenot alwaysdirectly
comparable. In December 2003 however,
the EU, US, Japan and Chinaagreed to draw
up acommon scientific platform to meas-
ure and benchmark air pollution from
traffic.

Light vehicles

Thelight category of vehiclescoversroad
vehicles under 3.5 tonnes, i.e. both pas-
senger cars and light commercial vehi-
cles. Thefirst exhaust emission require-
ments for these were specified in Direc-
tive 70/220/EEC, which has been stiffened
several times.

The Euro 1 requirements (91/441/EEC),
which cameintoforcein 1992-93, forced
themanufacturerstoingtall three-way cata-
Iytic convertersin petrol vehicles. Euro 2
was subsequently introduced in 1996-97
(94/12/EC), and in 1998 the standardsfor
Euro 3 and 4 (98/69/EC) were agreed, to
take effect in 2000 and 2005 respectively,
seetable 1. Standards also exist for light
commercid vehicles. Thelimit valuesfor
these are generally slightly higher than
for passenger cars and are dependent on
theweight class—the heavier thevehicle,
the higher the permissible emissions.

The requirement levels for 2000 and
2005 were agreed after several years of
joint work between the Commission, the
automotiveindustry and the oil industry
—the so-called Auto-Qil Programme—on
the basis of achieving good air quality in
Europe by 2010 at the lowest cost.

Fuel quality standards were al so stiff-
ened asaconsequence of the project, both
to reduce emissions and to permit thein-
troduction of new emission control tech-
nology, which in many cases requires a
low sulphur content in order to work (see
fact file). The highest permitted sulphur
content for petrol wasset at 150 ppm (parts
per million) in 2000 and 50 ppmin 2005,
and for diesel at 350 ppm in 2000 and 50
ppmin 2005. Astheresult of anew deci-
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Figure 1. Emission standards (NOx and PM) for heavy duty vehicles.
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Figure 2. Emission standards (NOx and PM) for diesel-driven passenger cars.
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Source for both figures: Future Diesel, Umweltbundesamt, 2003. US standards for passenger cars: Tier 2: Bin 5.

sionin 2003 (2003/17/EC) thelimit for both
fuelswill bereduced to 10 ppm in 2009.
10 ppm fuel must be made generaly avail-
able in the member countries by 2005.

As can be seen from table 1 the Euro
24 standards aredifferent for diesel and
petrol vehicles. Under the current Euro
3 and forthcoming Euro 4 standards die-
sel vehicles are allowed to emit around
threetimesmoreNoOx than petrol vehicles.
Emissions of particulates from petrol
vehiclesarenot regulated sincethese are
very low compared to emissionsfromdie-
sel engines. Some direct-injection petrol
enginescan however emit dmost thesame
level of particulates asadiesel engine.

When the Euro 4 regquirements were
decided it was generally believed that
they would compel the use of particulate
filters on diesel vehicles. A number of
manufacturers have however devel oped
modelsthat meet the requirementswith-
out further exhaust gastreatment, although
particulatefilters appear to be necessary
on most larger engines.

New legislation on durability wasin-

troduced aong with the Euro 3 and 4
standards, making manufacturersrespon-
siblefor theemissionsfrom light vehicles
for a period of five years or 80,000 km
(Euro 3) and five years or 100,000 km
(Euro 4). The same directive included a
decision to introduce on-board emission
diagnostic systems (0BD) between 2000
and 2005 and a requirement for a low-
temperature emission test (7°C) for pet-
rol vehicles with effect from 2002. The
member countrieswerea so giventheright
to introduce tax incentives for early in-
troduction of 2005-compliant vehicles.

Fromfigure 1litisapparent that the Euro
4 requirements (2005) permit much higher
emissions of Nox and particulates than
the requirements in the us and Japan at
the corresponding time.

Heavy vehicles

Thefirst EU directiveto regulateemissions
from heavy vehicles, i.e. road vehicles
heavier than 3.5 tonnes, camein 1988 (88/
77/EEC). Before that there had been a
common standard within the UN Economic
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Table 1. EU emission standards for passenger cars and UBA proposal (2008).
There are also standards for carbon monoxide, but these are not included in the table.

Passenger Cars PM (mg/km) NOx (g/km) HC (g/km) HC+NOx (g/km)
diesel | petrol | diesel | petrol | diesel | petrol | diesel | petrol
Euro 1 (1992-93) 140 - - - 0.97 0.97
Euro 2 (1996) 80/100* - - - 0.7/0.9* 0.5
Euro 3 (2000) 50 0.50 | 0.15 - 0.20 0.56 -
Euro 4 (2005) 25 0.25 | 0.08 - 0.10 0.30 -
Eféﬁosséﬁfé%s) 25| 25 | 008 | 008 | 005 | 005 | - -

L Indirect Injection (IDI) and Direct Injection (DI) engines respectively.

Table 2. EU emission standards for heavy vehicles, and UBA proposals for 2008
and 2010. There are also standards for carbon monoxide and special standards for
methane for gas-driven vehicles, but these are not included in the table.

Heavy duty vehicles NOXx (g/kWh) HC (g/kWh) PM (mg/kWh)
Euro 1(1992-93) 9.0 1.23 400
Euro Il 1995-96) 7.0 11 150
Euro Il (2000) 5.0t 0.662 100/160°
Euro IV (2005) 3.5¢ 0.462 20/30°
Euro V (2008) 2.0t 0.462 20/30°
Euro V 1 2 3
UBA proposal (2008) 1.0 0.46 213

Euro VI ) 5
UBA proposal (2010) 05! 046 213

1Both ESC and ETC test cycle. 2 ESC test cycle only. 3 ESC and ETC test cycle respectively.

Commission for Europe (ECE R49).

The Euro | standards for medium and
heavy engineswereintroduced in 1992—
93 (91/542/EC). The same directive also
laid down standards for Euro I, which
took effect in 1995-96.

On the basis of the Auto-Oil Pro-
gramme (see Light vehicles above) adi-
rective (1999/96/EC) was adopted in 1999
giving standards for Euro 111 (2000), 1V
(2005) and V (2008). See table 2.

Euro V differs from Euro 1V in its
stricter emission requirement for NOx.
TheEuroV requirementsaretill indica-
tive, since many countrieswere unsure of
the potential of emission control technol-
ogy when the directive was adopted. Ac-
cording to the Commission’s review in
December 2003 it is however perfectly
possible to achieve these requirements.

Some engine manufacturers are now
ableto meet Euro 1V requirementswith-
out further exhaust gastreatment, but for
many thisis likely to require the use of
both particulatefiltersand NOx reduction
(seefactfile). EuroV isvery likely tore-
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quire special NOx reduction.

The 1999 directive also contains spe-
cial voluntary standards for enhanced
environmentally friendly vehicles (EEvs),
aswell asrequirements for on-board di-
agnostic systems (0BD) and provisions
regarding the durability of emission con-
trol devicesfrom 2005.

Thedirective hassince been revised on
a couple of occasions, partly to prevent
manufacturers from adapting enginesto
give low emissions solely at the speeds
used in the test cyclefor certification.

Figure 2 permits comparison between
the requirementsthat apply to emissions
of Nox and particulates from heavy die-
sel vehiclesin the Eu, usand Japan.

Future emission standards

A review of emission standardsfor road
vehiclesin theEu began in autumn 2003.
Thiswork is being carried out by a sub-
group of the Commission’s Motor Vehi-
cle Emissions Group (MVEG), with the
participation of themember countriesand
various stakeholders. On thebasis of this

work the Commissionwill present acon-
sultation document followed by proposed
directives containing new standards. The
proposed directives for light and heavy
vehiclesareexpected to beissuedin spring
and autumn 2005 respectively, and the
requirement levelswill probably beginto
apply in 2010. Among the questions the
sub-group will consider arethe accessto
emission control technologies, their per-
formance and costs, and whether changes
need to be made to the fuel standards.

Thedevelopment of new technology in
recent years, combined with new findings
regarding harmful health effects, espe-
cially of particulates, makesit likely that
the Commission will propose significant
reductions in emission limits, primarily
for diesel vehicles. In 2003, the German
Environment Agency (UBA) published a
proposal for new emission standards for
motor vehicles, seetables 1 and 2.

For passenger cars the UBA proposals
include the following:

(1 Emission requirements should befuel-
neutral, i.e. the sasmefor all fuels.

(O Particulate requirements should be
strengthened by a factor of ten. The re-
quirements of Euro 4 can be met without
emission control equipment, at least for
small cars, and aparticulatefilter removes
90 per cent or more of particulatesinthe
entire size range.

(O The Nox requirement for diesel cars
should bestrengthened by afactor of three,
down to the same level asfor petrol ve-
hicles.

(O Thesummation valuefor NOx + HC for
diesel carsshould bereplaced with an HC
limit value regardless of enginetype.

If petrol vehicles are also covered by
the proposed new particulate requirement
it may mean that direct injection engines
will haveto befitted with particul ate fil-
ters.

Theproposal for heavy vehiclesmeans:
(O Fuel-neutral requirements.

(O Theagreed but asyet indicative parti-
culate standardsfor 2008 arelowered by
a factor of ten, for the same reason as
above.

(O The agreed but as yet indicative NOx
requirements for 2008 are halved, and
then halved again in 2010.

Initsreport, the UBA discusseswhether
emissions of particulates should also be
counted by number, or whether it would
suffice merely to regulate the weight. It
concludes that confining the limit to
weight could lead to the engine makers
concentrating primarily on eliminating the
largest and heaviest particles, which have
relatively little effect on health. It would
therefore like to supplement the current
weight-based standardswith limitson the
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maximum number of particleswithinthe
sizerangethat isinimical to health.

The extra cost of the uBA Euro 5 pro-
posalsfor adiesal car, compared with Euro
4, is estimated to run to 200400 euros.

It would cost practically nothing, on
the other hand, for a heavy vehicle to
switch from Euro V to Euro VI, since it
would sufficein that caseto improvethe
emission control equipment that isalready
needed to meet Euro V requirements.

The need to reach a relatively quick
agreement on the exhaust emission re-

quirements that will apply from 2010 is
not just important so that theindustry has
time to prepare for the production of
cleaner vehicles. It also gives the mem-
ber countries the right to bring in tax in-
centivestofavour thosevehiclesthat com-
ply with the requirements early, such as
diesel carsfitted with particul ate filters.

Further information
The European Commission’sMotor Vehi-

cle Emissions Group: http://europa.eu.int/
comm/enterprise/automotive/mveg_

meetings/index.htm

Thereport of the German Environment
Agency (Umweltbundesamt): Future
Diesel. July 2003. Can be downloaded
from www.umweltdaten.de/uba-info-
presse/hintergrund/FutureDiesel _e.pdf

Articlesonthistopic from Acid News
are gathered on the secretariat’s website
under the heading “Policy initiatives’.

Emission standards, test methods, emis-
siondatafor al modelsof car, etc., can be
found at www.vcacarfuel data.org.uk (Ve-
hicle Certification Agency, UK).

Emission control technology for vehicles

Petrol-driven passenger cars

A petrol engine without emission control
produces large emissions of nitrogen ox-
ides and unburnt hydrocarbons. The
technology that manufacturers have
used to meet stiffer emission require-
ments is the three-way catalytic converter.
This consists of a ceramic material with
microscopically small channels, coated
with a very thin film of precious metals.
As the exhaust gases pass through the
converter the hydrocarbons and carbon
monoxide are oxidized by the oxygen that
is released when the nitrogen oxides are
reduced to nitrogen (Nj).

The three-way catalytic converter has
been fitted to all petrol passenger cars
sold in the EU since the start of the 1990s
and has become increasingly efficient as
emission requirements have become
stricter. The biggest problem is during
cold starts, since a certain temperature
(300-400°C) has to be reached before the
catalytic process starts to work.

In the case of petrol engines that use
an excess of air (known as lean burn tech-
nology) the three-way catalytic converter
has no effect on emissions of NOx. Some
manufacturers use an NOx storage cata-
lytic converter (see Diesel vehicles be-
low) to meet the standards.

Petrol vehicles with direct injection
(GD, FSI, SCi, ete.) produce relatively high
emissions of particulates, which means
that these may require special particul-
ate reduction if emission requirements
are stiffened (see Diesel vehicles below).

Diesel-driven passenger cars
The biggest environmental and health
problems associated with diesel vehicles
are emissions of nitrogen oxides and
particulates, both of which are higher
than for petrol vehicles.

NITROGEN OXIDES. Because a diesel
engine works with an excess of air the
three-way catalytic converter cannot be
used to reduce emissions of NOx. Exhaust

Gas Recirculation (EGR) technology, in
which some of the exhaust gases are
recirculated through the combustion
chamber, can reduce NOx formation by
lowering the temperature. The reduction
potential is limited however, which
means that further treatment of exhaust
gases is likely to be necessary in order
to meet future requirements.

One further treatment method is to use
an NOx catalytic converter. This works
by trapping and storing nitrogen oxides
chemically in an NOx trap, and then re-
ducing them periodically to nitrogen by
injecting additional fuel and by using a
catalytic converter. This method requires
low-sulphur fuel (10 ppm), since sulphur
is captured more easily than nitrogen
in the NOx trap, as well as being more
difficult to remove.

Another method - although mainly
applied to heavy vehicles - is selective
catalytic reduction (SCR). This involves
reducing the nitrogen oxides to nitrogen
gas in a catalytic converter with the aid
of ammonia (injected as urea). The re-
duction efficiency approaches 80-90 per
cent. Disadvantages include the added
operating cost of using urea, the possi-
bility of increased ammonia emissions
and the loss of effect when the urea tank
is empty. Some questions also exist re-
garding the durability of the technology.
One advantage is that higher levels of NOx
can be permitted during the combustion
process, which can consequently be bet-
ter optimized for low fuel consumption.

PARTICULATES. The formation of par-
ticulates can be reduced to some extent
by modifying the combustion process.
Smaller engines can meet Euro 4 require-
ments in this way. Particulate filters are
however required for larger engines and
when emission requirements are stiff-
ened. They consist of a ceramic matrix
of silicon carbide, perforated with micro-
scopic channels. As the exhaust gases
pass through, a large proportion of par-

ticulates (90-99 per cent) stick to the
walls of these channels.

The trapping of particulates means
that the channels become blocked, and
the filter therefore has to be raised to a
high temperature at regular intervals to
burn off the particulates. Various meth-
ods have been developed to achieve this
combustion, including a brief additional
injection of fuel and a catalytic substance
that reduces the temperature required.
One requirement for low particulate emis-
sions is a fuel with a low sulphur content.

COMBINED METHODS. Toyota is the
only manufacturer so far to succeed in
developing a catalytic converter that re-
duces emissions of both particulates and
nitrogen oxides — particulates by 90 per
cent and nitrogen oxides to the level that
applies for petrol vehicles in 2005. The
system is based on EGR (see above), NOx
storage and an integrated catalytic con-
verter and particulate trap.

Heavy vehicles

Practically all heavy road vehicles have
diesel engines. In common with diesel
cars, the emissions that are most impor-
tant to reduce are NOx and particulates.

In the case of NOxthe Euro V require-
ment for 2008 (max. 2 g/lkWh) is expected
to compel the use of SCR (see above) on
all new heavy vehicles, while Euro IV
(3.5 g/lkWh) can be met by some manu-
facturers using EGR technology without
the need for further treatment of exhaust
gases.

Particulate reduction by means of fil-
ters is easier to solve for heavy diesel
vehicles than for light ones, since heavier
vehicles have a higher exhaust tempera-
ture. This makes the critical phase —
burning off particulates from the filter
— easier to achieve.

A particulate filter is often combined
with an oxidation catalytic converter that
reduces the content of carbon monoxide
and hydrocarbons in the exhaust gases.
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