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Control of Emissions from Vehicles:
In-depth
Summary
Certain vehicle exhaust emissions have an adverse effect on air quality and can
affect people’s health, particularly that of babies, young children and the elderly.
Such emissions may also be responsible for early death, especially for those who
suffer severe respiratory ailments or heart disease. This is why stringent legislation
is now in force to limit and control exhaust emissions levels for motor vehicles.

Drivers of vehicles and their employers have a general duty to maintain vehicles in
good mechanical condition so they do not emit smoke, excessive noxious fumes or
preventable noise.

Employers' Duties
Employers of vehicle drivers and the drivers themselves have a general duty to
maintain vehicles in good mechanical condition so they do not emit smoke or
noxious fumes.

Vehicle owners and “users” should:

observe the vehicle manufacturer’s instructions on engine servicing,
particularly with regard to built-in emissions equipment

ensure that on-board diagnostic equipment is functioning correctly at all times

in the case of SCR engines or those fitted with a diesel particulate filter that
relies on a fuel additive:

ensure that an adequate supply of the relevant fluid is carried on board
the vehicle and that this is replenished as necessary

ensure that drivers are aware of the need to replenish supplies, if
necessary, while out on the road

ensure that drivers are aware of the need to report immediately any
malfunctions of the emissions equipment, the on-board diagnostic equipment,
deterioration of vehicle performance or evidence of smoke emission from the
vehicle exhaust.

Employees' Duties
Employers of drivers and the drivers themselves have a general duty to maintain
vehicles in good order so they do not emit smoke, noxious fumes or excessive
noise.

Drivers should:

maintain the required level of fluid in the AdBlue or Eolys storage tank (for
appropriately-equipped vehicles) at base or on the road as necessary
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immediately report loss or shortage of AdBlue/Eolys solution

report immediately any malfunctions of the emissions equipment,
deterioration of vehicle performance or evidence of smoke emission from the
vehicle exhaust.

In Practice
Vehicle Exhaust Emissions

The internal combustion engine combines hydrogen and carbon from the fuel with
oxygen from the air to produce heat and, under perfect conditions, the only
exhaust emissions from that process would be carbon dioxide (CO2) and water. In
the real world, however, conditions are never perfect and varying quantities of toxic
pollutants, including carbon monoxide (CO), nitrogen oxides (NOx), unburned
hydrocarbons (HC), benzene and particulate matter (PM) may also be produced.
The presence of these toxic components is mainly due to incomplete combustion in
the engine, which is likely to happen in even the best designed and maintained
engines. The exhaust gas from poorly maintained engines will contain much
greater amounts of these pollutants.

Modern engines that are well maintained do not normally emit large quantities of
CO and HC owing to the great advances in design in recent years. Even without
those advances, the universal use of catalytic converters on petrol engines since
the early 1990s has reduced their harmful emissions practically to zero. The nature
of diesel engine combustion means that they naturally produce much lower levels
of these pollutants anyway.

Petrol engines in good condition do not generally produce significant amounts of
particulates but particulates are of special concern with diesel engines and in large
quantities are visible as black smoke. According to the Health and Safety Executive
(HSE), if a diesel engine is seen to be puffing out black smoke, it is certainly bad. If
a Driver and Vehicle Standards Agency (DVSA) examiner sees a vehicle emitting
black smoke, the driver and/or vehicle operator may receive a prohibition notice
preventing further use of the vehicle until the defect is rectified. They may also be
prosecuted. A vehicle emitting visible smoke will certainly fail its annual test and if
seen at a roadside check will be given a prohibition notice.

Oxides of nitrogen are particularly associated with diesel engines because they
tend to be formed at the higher combustion temperatures found in these engines.
Lower combustion temperatures and catalytic converters on petrol engines mean
that such emissions from them are usually not significant. In normal combustion,
two oxides are formed: nitric oxide and nitrogen dioxide. These are grouped
together for emission control purposes and referred to as NOx.

The actual level of all these emissions depends on such factors as whether the
engine is normally aspirated or is turbocharged, its mechanical state (eg condition
of filters, fuel pump and injectors), the workload that the engine is subjected to
and, importantly, the quality of the fuel being used.

Carbon dioxide

Carbon dioxide (CO2), along with water, is the inescapable result of all combustion
processes and the more efficient the combustion, the more CO2 will be produced. It
is by far the greatest component in exhaust emissions (apart from water vapour)
and cannot be considered a toxic pollutant as such because it is naturally present
in the atmosphere in considerable quantities and is vital for the process of



photosynthesis by which green plants grow. The “greenhouse effect” of CO2 in the
upper atmosphere is what makes the earth habitable since it prevents the escape
of heat and keeps the planet warm enough to support life.

While CO2 is not considered a toxic emission, indeed has benefits, increases in
atmospheric CO2 have been linked to increasing global temperatures and climate
change. Because of this, nearly all countries have introduced policies aimed at
reducing CO2 production. In the UK, fiscal policy was at one time aimed towards
encouraging a switch from petrol to diesel engines because their increased
inherent efficiency means that they produce less CO2 per kilometre travelled.
Unhappily, this policy ignored the toxic pollutants produced significantly by diesel
engines but not by petrol engines (particulates and NOx) with the result that poor
air quality caused by these is now a major problem in many city centres. One
consequence of this policy is that increasingly draconian measures are now being
advocated to reverse the switch.

Effects of Vehicle Emissions

On open roads with light traffic, toxic exhaust emissions do not present a major
problem (though they should still be minimised) but high volumes of traffic, slow
moving or stationary traffic, certain atmospheric conditions and built-up areas all
combine to create local concentrations that are hazardous to people.

Particulates, if inhaled, can lodge in the lungs and in the long term may lead to an
increased risk of lung cancer.

Inhaled CO reacts with haemoglobin in the blood and prevents it carrying oxygen
around the body. This can impair mental ability and have serious implications for
people with existing heart or lung conditions.

NOx produces adverse effect on the respiratory system with increase in infections
and reduced lung function, particularly in those with existing conditions such as
asthma.

Unburned hydrocarbons, particularly benzene, can be carcinogenic.

A compound effect of all these substances under certain atmospheric conditions is
smog, and acid rain.

European Emissions Legislation

Two sets of emissions standards are applicable in Europe and are applied at the
time of type approval of new vehicles.

The original standards are those published by the UN Economic Commission for
Europe (UNECE) as UNECE R.15 in 1968. These standards were adopted by the
European Community (EC) in 1970 and the EC, now the EU, has continued to
develop its own standards although the UNECE ones remain, reflecting the two
mechanisms for vehicle type approval. Both sets continue to develop in parallel
with each other and are broadly similar.

EU emissions standards apply to all vehicles. There are two separate sets of Euro
standards for the following.

1. Light duty vehicles of categories M1, M2, N1 and N2 with a reference mass* not
exceeding 2610kg.



2. Heavy duty vehicles of categories M1, M2, N1 and N2 with a reference mass
exceeding 2610kg, and all vehicles of category M3 and N3.

* Reference mass means the mass of the vehicle in running order, less the uniform
mass of the driver of 75kg and increased by a uniform mass of 100kg (ie
approximately the kerbside weight plus 25kg).

These separate standards are distinguished by their numbering system, with the
light duty standards having arabic numbers (Euro 1, 2, 3, etc) and the heavy duty
standards using roman numbers (Euro I, II, III, etc).

Newly-registered light vehicles must currently meet the Euro 6 emission standard
for both petrol and diesel engines, which came into force on 1 January 2015.

Newly-registered heavy duty vehicles have been subject to Euro VI standards since
1 January 2014.

The EU Standards for Heavy Duty Vehicles: Euro I to Euro VI

European Directives and Regulations specify strict standards for vehicle exhaust
emissions which limit the amount of:

NOx

CO

unburned hydrocarbons (HC)

particulate matter (PM)

These standards have been introduced in stages from the implementation of
Directive 88/77/EEC in April 1991 as follows.

The first stage (ie the so-called Euro I standard) applied to all new Type-
Approved vehicles from 1 July 1992 (and retrospectively to earlier Type-
Approved vehicles from 1 October 1993).

Tougher Euro II standards were applied to new diesel-engined goods vehicles
over 3.5t permissible maximum weight (pmw) and passenger carrying vehicles
over 5t from 1 October 1996 under Directive 91/542/EEC.

More stringent Euro III emission controls were applied from 1 October 2001
under Directive 99/96/EC (and are re-stated in Directive 2005/55/EC).

The Euro IV standard which further limits the amounts of NOx and particulates
(PM) that commercial diesel vehicles are permitted to emit became effective
from 1 October 2006.

Euro V followed from October 2009 — the industry had, however, moved
ahead of this date and many Euro V compliant vehicles were already on the
road well before that date.

The Euro VI standard came into effect from 1 January 2013 for new type
approvals and 1 January 2014 for new registrations (under EC Regulation
595/2009/EC) ― this date being nine months sooner than previously
anticipated. It is now illegal to sell or put into service any heavy vehicle which
does not comply with the Euro VI emissions standard.

The implementing regulation for the Euro VI standard (EU Regulation 2011/167)
further amended the emission limits. The predicted consequence of introducing



these measures is thought, by fleet engineers, likely to be an increase in carbon
dioxide emissions and in overall fuel consumption.

Environmentally Enhanced Vehicles (EEVs)

The EEV standard was introduced as a half-way house between Euro V and Euro VI
and was not mandatory for type approval. It was, however, applied in a range of
cases such as the Maut toll scheme in Germany and for Vehicle Excise Duty
reductions in the UK.

Emissions Testing

Engine emissions are tested against the standard in various ways.

Light duty engines

Light duty engines (in cars and small vans) are tested as installed in the vehicle on
a rolling road dynamometer according to a specific test programme of speed and
engine load as specified by UNECE Regulations. The test programme used from
1997 until 2019 was the New European Driving Cycle (NEDC), said to represent
typical usage of the vehicle in Europe.

There are detailed specifications for the conditions under which the vehicle is
tested but it is possible for manufacturers to maximise all the various parameters
in a way that would not be possible in service.

It is not only harmful emissions that are checked on the test but also CO2 emissions
and fuel consumption, as well as electric energy consumption and electric range for
hybrid and fully electric N1 and M1 vehicles. Harmful emissions and CO2 are
measured in gm/km.

Heavy duty engines

Heavy duty truck and bus engine emissions are not tested with the engine installed
in a vehicle but on an engine dynamometer. Under Euro VI two representative
UNECE test cycles are used: the World Harmonised Transient Cycle (WHTC) with
both hot and cold start requirements and the World Harmonised Stationary Cycle
(WHSC) with hot start steady state running. These are said to represent typical use
in the EU, USA, Japan and Australia. Emissions on these tests are not measured in
gm/km as with light duty engines but in grammes per kilowatt hour (gm/kW.hr),
relating them not to distance but to power output.

There is a further laboratory test called the World Harmonised Not To Exceed
(WNTE) test which involves engine operation of any type anywhere within the
specified envelope where the average emissions over a certain time must not
exceed a specified value.

Real driving emissions

Laboratory testing under closely-controlled conditions is essential to ensure
consistency and repeatability and the threshold limits applied have been set
accordingly. However, concern has long been expressed that these tests and the
results obtained bear no resemblance to real driving emissions (RDE) fuel
consumption or battery range.

Engineers understand that this must be the case and that real driving emissions
may legitimately be between two and five times the type approval figure but there



was previously no standard RDE test and no accepted conformity factor to relate
RDE figures to laboratory ones. This is no longer the case, however, and a new
Worldwide Harmonised Light Vehicle Test Procedure (WLTP) has replaced the NEDC
for establishing CO2 emissions and fuel consumption in the laboratory. This is
supplemented by an additional RDE on-road test for CO, HC, NOx and PM levels.

All types of cars and vans in category M1 and N1 first registered on or after 1
September 2019 must meet the RDE requirements and from 1 April 2020 the WLTP
test result for CO2 must be used to determine the first year rate of VED for new
registrations from that date. This has resulted in some vehicles moving up at least
one VED band and also means that some plug-in hybrid vehicles may no longer
qualify for financial incentives because the CO2 emissions exceed the required
maximum of 50gm/km under the WLTP.

For heavy duty vehicles type approval also includes a test on the road including a
mix of urban, rural and motorway conditions using a Portable Emissions
Measurement System (PEMS) and a vehicle payload of between 50% and 60%.

Carbon Dioxide Limits

While CO2 is not regulated as a pollutant, its supposed role in raising global
temperatures has led to EC Regulation 443/2009, which sets average CO2
emissions targets for any manufacturer’s range of passenger cars in category M1.
EU Regulation 510/2011 as amended by EU Regulation 2017/748 sets similar
targets for light commercial vehicles in category N1. EU Regulation 333/2014 sets
lower targets to be achieved by M1 vehicles by 2020.

A “premium” (ie fine) is payable by any manufacturer whose average emissions
exceed the target. This is currently €95 for each gm/km in excess of the target. The
move away from diesel engines is therefore the cause of some anxiety since
manufacturers have relied on the lower CO2 emissions from these to keep the
average below the level at which the premium is levied.

EU Regulation 2019/1242 extends the penalty system to rigid vehicles and tractor
units of 4x2 configuration over 16 tonnes permissible maximum laden mass and all
6x2 configuration vehicles. This is aimed at achieving an average CO2 emission
figure that is 15% lower in 2025 than in 2019, on the way to the EU target of a 30%
reduction by 2030.

“Bio-fuels” (both petrol and diesel) that contain a proportion of vegetable content
have also been mandated as a means of reducing CO2 emissions, although
evidence is now emerging that this may be another misguided policy, not least
because increased quantities of such fuels are required to produce the same power
output. There are also other adverse effects in both storage and use, and on
biodiversity and food production.

Methods of Compliance

While great improvements have been made in the basic designs of engines and fuel
systems that have resulted in much greater efficiency and reduced pollution,
meeting the latest type approval standards require the fitting of additional devices,
either individually or in some combination.

Three-way catalytic converter

A three-way catalytic converter (TWC) used with a petrol engine effectively



removes CO, hydrocarbons and NOx from the exhaust. Catalysts can be sensitive to
poor fuel quality, excessive amounts of unburnt fuel in the exhaust and physical
damage from impact, and since they contain precious metals are expensive to
replace and even a target for thieves. In order to operate properly, they need
closed-loop control of the fuel system which incorporates a diagnostic function to
shut down the engine if any fault occurs that might result in damage to the
catalyst.

Unfortunately, the process of removing HC and NOx increases the amount of CO2
produced and to operate properly the TWC requires the fuel-air mixture to be
maintained at the chemically correct figure, which also increases fuel consumption
and therefore CO2 emissions when compared with lean-burn technology.

Exhaust gas re-circulation (EGR)

EGR recycles a proportion of the exhaust gas through an EGR valve back into the
engine, lowering the combustion temperature and therefore reducing NOx. There
are limits to the extent to which this can be done without seriously affecting
performance or increasing particulates from diesel engines so other measures are
also required. EGR valves are prone to malfunction, particularly when poor quality
fuel is used or the engine is in bad condition and burning oil.

Selective catalytic reduction (SCR)

SCR also reduces NOx in diesel engines through the addition of a catalytic
converter. This is similar to that used on petrol engines but is only a one-way
converter effective on the NOx emissions alone and turning them into harmless
nitrogen and water. SCR requires the injection of a diesel exhaust fluid (DEF) into
the exhaust gas upstream of the catalyst so, in addition to the catalyst in the
exhaust system, SCR requires the additional fitment of a storage tank on the
vehicle for the solution and the associated pipework and metering equipment. DEF
is a urea solution, marketed as “AdBlue” and it is essential that genuine, good
quality, DEF from a reputable supplier is always used. Vehicles stopped at a
roadside check and found to have no DEF or “fake” DEF may be issued with a
prohibition notice and even impounded.

By using the SCR system, manufacturers claim that engines can be tuned for
maximum fuel economy, ie extracting every last drop of energy from the fuel. Fuel
saving achieved with AdBlue should be sufficient to cover the additional cost of the
AdBlue system and the regular purchases of the AdBlue solution.

Diesel particulate filters

The diesel particulate filter (DPF) traps carbon particles in the exhaust and burns
them off during high-speed running conditions (passive regeneration). If the correct
conditions for passive regeneration are not met, active regeneration will be initiated
by the engine management system, which will make adjustments to the injection
timing to increase the exhaust temperature. While active regeneration is taking
place, the engine may sound rough and there may be a smell of burning. The
engine should not be switched off during this process.

Where neither passive nor active regeneration can complete (eg because the
vehicle is used for low speed, short or stop-start journeys or the engine is stopped
before active regeneration is complete), the filter will begin to clog and a DPF
warning light will illuminate. The immediate action should be to run the vehicle at a
speed of more than 40mph for about 10 minutes. If the light is ignored, the engine
management ECU will enter a fault mode and the vehicle will have to be taken to



the dealer for regeneration. In the worst case, this may require a new DPF at a cost
of around £1000.

If the DPF cannot be fitted close enough to the engine for exhaust gas temperature
alone to produce regeneration, a different system that relies on a fuel additive
(marketed as “Eolys”) to lower the ignition temperature of the soot particles is
used. This additive is stored in a separate tank and automatically mixed with the
fuel when driving. Only a small amount is used and a litre of additive should be
enough to treat about 2800 litres of fuel. When the tank is empty, it will need to be
replenished at a cost of up to £50. Driving without fluid in the tank will cause the
DPF to clog, with the same effect as noted above.

Note:

If DPF active regeneration is repeatedly started but not allowed to complete (eg by
stopping the engine), the extra fuel injected will not be burnt but will drain into the
sump and raise the oil level. If the level rises by too much, it is possible for the
engine to run uncontrollably on its own oil to the point of destruction.

The latest Euro VI standard makes it an offence to drive without the fluids required
for emission control systems and a check of the levels should therefore be included
in the daily walk-round check.

On-board diagnostics

It is a legal requirement that vehicles must be fitted with on-board diagnostics
(OBD) — or on-board management (OBM) — systems to monitor their emissions
performance. This equipment includes a roadworthiness indicator and a
malfunction warning signal. The concept is that if the emissions controls fail, the
vehicle can only be operated at very much reduced power levels.

The UK Legislative Provisions

UK requirements on vehicle emissions are mainly concerned with vehicles in use
rather than at the point of manufacture — when the Euro standards apply.
Regulation 61 (as amended) of the Road Vehicles (Construction and Use)
Regulations 1986 makes it an offence to use, or cause or permit to be used, on a
road any vehicle which emits any avoidable:

smoke

visible vapour

oily substance

“if that emission causes, or is likely to cause, damage to any property or injury or
danger to any person who is, or who may reasonably be expected to be, on the
road”.

Emissions are routinely tested during the vehicle’s annual test. Petrol-engined
vehicles are tested for CO and hydrocarbon and diesel-engined vehicles are tested
for particulates with a smoke test. Since 20 May 2018, light vehicles fitted with a
DPF will fail the annual test if there is any evidence that it has been tampered with,
as they will if there is exhaust smoke of any colour.

DVSA examiners at roadside checks or on operators’ premises will also check that
emission control devices have not been removed, disabled or by-passed and that
fake devices or DEF are not being used. If such things are found, operators will be
given 10 days to fix the emissions system, after which a fine and a prohibition



notice will be issued if that is not done. An immediate prohibition may be issued to
repeat offenders.

What Can Operators do?

Diesel engine combustion is particularly sensitive to the condition of the fuel control
and delivery system and to the quality of the fuel used. Operators should therefore
ensure that the engine manufacturer’s recommendations regarding fuel system
maintenance are followed to the letter and that only premium quality fuel is used.

Some emission control components can be adversely affected by the use of
incorrect specification lubricating oil, so it is important only to use engine oil
formulated for use with advanced emission control systems, as recommended by
the engine manufacturer.

All other recommendations by the engine manufacturer regarding maintenance of
the engine and emission control system must be scrupulously observed, including
the use of only recommended brands of DEF.

List of Relevant Legislation
Regulation 2019/1242/EU — sets CO2 emission performance standards for new
heavy-duty vehicles

Regulation 748/2017/EU — updates details of the average mass value used for
the purpose of calculating the specific emissions of CO2 for each new light
commercial vehicle

Regulation 333/2014/EU — sets lower targets to be achieved by M1 vehicles
by 2020

Regulation 582/2011/EU — implements and amends Regulation 595/2009/EC

Regulation 595/2009/EC ― on type approval of vehicles and engines and
emissions (Euro VI)

Road Vehicles (Construction and Use) Regulations 1986 as amended

Vehicle Excise Duty (Reduced Pollution) Regulations 1998

Road Vehicles (Registration and Licensing) (Amendment) Regulations 2009 (SI
2009 No.880)

Directive 88/77/EEC — the original heavy duty vehicle emissions directive

Directive 92/97/EC — on vehicle noise emission limits

Directive 93/116/EEC — on carbon dioxide emissions

Directive 98/69/EC — on exhaust gases from passenger cars and light
commercial vehicles

Directive 98/69/EC — on air pollution from emissions from motor vehicles

Directive 99/94/EC — on emissions from new passenger cars

Directive 99/96/EC — on exhaust emissions from heavy duty vehicles to Euro-
III, IV and V standards, and to voluntary implementation of EEVs
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Directive 2001/27/EC — on prohibiting the use of emission “defeat devices”
and “irrational” control strategies

Directive 2005/55/EC — Consolidation of previous regulations; applying to all
motor vehicles over 3.5 tonnes gross weight with diesel, natural gas or LPG
engines; re-stated Euro-IV and V limits

Directive 2005/78/EC — sets out the technical annexes necessary to fulfil the
performance requirements of the above mentioned Directive (ie 2005/55/EC)
and provides for emission systems that use consumable reagents (eg AdBlue)

Directive 2006/51/EC ― clarifies and amends Directives 2005/55/EC and
2005/78/EC (see above) by specifying how emission control systems should
operate with regard to the control of NOx emissions

Directive 70/157/EEC — on the permissible sound level and the exhaust
system of motor vehicles

Directive 92/97/EEC — amends Directive 70/157/EEC by revising sound levels
and testing methods

Directive 96/20/EC — amends Directive 92/97/EEC by redefining the testing
process and sound levels

Directive 1999/101/EC — amends Directive 70/157/EEC in respect of approval
of exhaust systems as separate technical units

Directive 2007/34/EC — amends Directive 70/157/EEC in respect of the test
cycle and driving conditions

Further Information
Organisations

Department for Environment, Food & Rural Affairs (Defra)

https://www.gov.uk/government/organisations/department-for-environment-
food-r...

Defra is the government department that deals with waste, water and other
environmental issues. It consults on new regulations and provides guidance on
legislation and best practice.

Department of Energy and Climate Change

https://www.gov.uk/government/organisations/department-of-energy-climate-
change

DECC’s vision is of a thriving, globally competitive, low-carbon energy
economy. Its key priorities are to save energy with the Green Deal and support
vulnerable consumers; deliver secure energy on the way to a low-carbon
energy future; drive ambitious action on climate change at home and abroad;
and manage the UK’s energy legacy responsibly and cost-effectively.

Driver and Vehicle Standards Agency (DVSA)

https://www.gov.uk/government/organisations/driver-and-vehicle-standards-
agency

The DVSA carries out driving tests, approves people to be driving instructors
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and MOT testers, carries out tests to make sure lorries and buses are safe to
drive, carries out roadside checks on drivers and vehicles, and monitors
vehicle recalls.

Energy Saving Trust

The Energy Saving Trust is a government-supported independent body
originally set up to help consumers save energy. Its scope has since increased
to cover business and transport and it provides a “Fleet Management Toolkit”
to help businesses with switching to electric and other low emission vehicles.

Environment Agency

http://www.gov.uk/government/organisations/environment-agency

The Environment Agency is the national environmental regulator in England,
with specific responsibility for waste regulation.

Freight Transport Association (FTA)

http://www.fta.co.uk

The Freight Transport Association (FTA) represents the transport interests of
companies moving goods by road, rail, sea and air.

Road Haulage Association (RHA)

https://www.rha.uk.net/

The Road Haulage Association (RHA) is a UK trade association dedicated solely
to the needs of UK road transport operators. It is the voice of the road haulage
profession, a champion of its interests and a respected partner to the broader
logistics community.

Transport for London (TfL)

http://www.tfl.gov.uk

The main role of TfL, which is part of the Greater London Authority, is to put
the Mayor of London's transport strategy into action and manage the capital's
transport services.
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