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EXECUTIVE SUMMARY 

Paper limits In order to improve air quality, the pollutant exhaust emissions of road 
vehicles are limited by regulation. Regulatory limits apply to exhaust 
emission measurements during vehicle type approval procedures1. Over 
the last two decades limit values were lowered in steps from EURO 0 to 
EURO 4. Further steps have already been defined for the coming years 
(EURO 5) or are under discussion (EURO 6).  

Polluted air Air quality, however, has not improved as much as predicted with the 
tightening of emissions standards, especially in respect of nitrogen oxides 
(NOx). One reason for this is the gap between the performance of 
emission control measures during type approval tests and their 
effectiveness under real operating conditions. 

Passing 
tests 

The gap between the exhaust emissions during type approval and during 
in-use operation arises in three ways: 
• Cycle by-pass measures used by the manufacturer in order to pass the 

type approval tests but achieve better fuel efficiency or other 
performance enhancement at the cost of higher emissions during 
operation on the road; 

• On-board diagnostic systems (OBD) related gaps; 
• Driver behaviour related gaps. 

 Cycle by-pass measures are not so much an abuse of the regulations as a 
weakness of the testing system and the design of regulations. The main 
avenue for improving regulations is to modify test cycles to mirror real 
world driving more closely. Whilst tests can only ever be a rough 
approximation of the real world, improved tests that do not entail 
unreasonable costs have been developed. These should now be 
deployed.  

Cars For cars, introduction of an in-use compliance test using real world driving 
cycles in addition to the current test2 is recommended. The common 
Artemis driving cycle (CADC), developed under a European Union 
research programme, could be used for this. In the long term, the main 
test should be replaced by a more realistic driving cycle that better reflects 
real world driving.  

Vans For light duty commercial vehicles the same results apply with an 
additional dimension. There are currently two routes for type approval, 
with some vans following a vehicle testing procedure as for cars, and 

                                                      
1. Type-approval certification is obligatory for any vehicle to be sold in or imported into the EU. 

2. The current test is known as the New European Driving Cycle (NEDC). 
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others following an engine testing procedure, as used for trucks. In 
simulated real world driving conditions, those certified following the second 
approach perform worst, especially in urban driving conditions. It might be 
appropriate therefore that in the future all light duty commercial vehicles 
follow vehicle rather than engine testing procedures3. 

Trucks For heavy duty vehicles the main gap with respect to cycle by-pass 
measures is the ability to design the power-train of a vehicle in such a way 
that the most frequently used engine speed range lies outside the range 
currently tested for type approval. This particularly concerns the 
performance of engines under high load at low speed – typical of 
acceleration in stop-go traffic. Excess emissions are therefore to be 
expected in urban areas. Better tests, which cover a more representative 
range of engine operating conditions, have been developed4. A political 
decision to substitute these for the existing tests is now required. 

Non-
exceedence 
testing 

In the longer term, the most promising answer to deficiencies in emissions 
tests is to switch to a “non-exceedence” approach to testing, rather than 
modifying test cycles repeatedly. This would provide for emissions to be 
tested at any feasible engine operating point (any combination of engine 
speed and power) against a threshold for emissions that must never be 
exceeded. This would mark a break in the progressive tightening of the 
limits specified under conventional emissions regulations. A working group 
has been established by the Working Party on Pollution and Energy of the 
World Forum for Harmonization of Vehicle Regulations (WP29) at the 
UN ECE to establish guidelines for heavy duty vehicle regulations 
following a non-exceedence approach. Europe, Japan and the USA are 
represented in this group. Work on passenger cars may follow at a later 
date. 

AdBlue Some approaches to limiting emissions are more vulnerable to by-pass, 
and more dependent on on-board diagnostic systems than others. 
Different approaches are available to meet EURO 4 and 5 NOx standards 
for heavy duty vehicles. Some rely on a combination of modifications to 
engine design5 and a passive catalyst in the exhaust system. Others rely 
instead on injection of an ammonia solution (marketed in Europe under the 
name AdBlue) into the exhaust gasses6. The tank for this catalyst solution 
needs to be filled at regular intervals. Running out of additive has no 

________________________ 
3.  Under the procedures of Directive 70/220/EEC. 

4.  WHSC (worldwide heavy duty diesel engine stationary test cycle) and WHTC (worldwide heavy duty 
diesel engine transient test cycle), developed under the umbrella of the GRPE (Working Party on 
Pollution and Energy of the United Nations Economic Commission for Europe) and its WHDC 
(worldwide heavy duty diesel engine certification procedure) subgroup. 

5.  Mainly more advanced exhaust gas recirculation. 

6.  An emission control approach known as selective catalytic reduction (SCR).  
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impact on driving performance but a disastrous effect on NOx emissions, 
which can exceed EURO 1 levels. A sophisticated diagnostic and vehicle 
immobilisation system therefore has to be developed to ensure this does 
not happen on the road. Such systems are currently under development in 
Europe, but not yet proven. Regulators in the USA appear unlikely to 
permit this approach to controlling emissions while the uncertainty over 
guaranteeing on-road performance remains. 

Political 
decision 

To conclude, there are a number of factors that may explain why air 
quality, particularly in urban areas, has not improved as predicted with the 
tightening of emissions limits. Pollutants may travel further and disperse in 
more complicated patterns than was believed. Air quality monitoring 
equipment measures NO2, with total NOx levels interpolated from the 
results. Recent NOx oxidation catalyst exhaust treatment systems convert 
some NO into NO2 and this may somewhat inflate ambient NOx level 
estimates compared the actual overall level of NOx in the air. Whilst more 
research into the part each of these factors plays would be useful, the 
fundamental reason for the gap between regulatory standards and air 
quality appears to lie in the design of NOx emissions regulations and in 
particular in the failure of vehicle type-approval tests to cover the range of 
engine operating conditions most frequently encountered in real world 
driving conditions. This applies especially to the conditions prevalent in 
urban areas. This is precisely where air quality is most critical and the 
costs of air pollution highest. Improved tests have been developed by the 
UN ECE and under EC research. Industry faces costs to adapt to new 
tests, even if these costs are likely to be modest, and can not therefore be 
expected to drive the process of improving emissions regulations without 
political direction. A political initiative is now required to make the change 
to the improved tests already available and to signal a switch in the longer 
term to a better, non-exceedence approach to regulation. Above all 
industry requires predictability in the way regulations will develop. 

Costs and 
Benefits 

Cost benefit assessments for new regulatory standards ought to include 
consideration of the impacts of moving to an alternative non-exceedence 
approach for NOx emissions control. 

Risks Ministers need to be aware of the risks that arise from the shortcomings of 
current emissions tests and uncertainty over the on-road performance of 
some new NOx emissions control systems for trucks. These risks have a 
bearing on the use of incentives for the purchase of new “clean” vehicles. 
NGO’s and environment agencies have questioned the legality of 
incentives created through differentiated rates of circulation taxes and 
road charges, to promote “clean” Euro 2 and 3 vehicles. Similar 
challenges could arise over Euro 4 and 5 vehicles and particularly those 
that require exhaust after-treatment involving injection of a catalyst 
solution into the exhaust.  
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1. INTRODUCTION 

In order to improve air quality in Europe the pollutant exhaust emissions of road 
vehicles are limited by regulations. The regulatory limits apply to exhaust emission 
measurements during the vehicle type approval procedure. The limit values were 
lowered several times over the last decades from EURO 0 to EURO 3 for heavy duty 
vehicles and EURO 4 for cars and light duty vehicles. Further steps have already been 
defined for the coming years (EURO 4 and 5) or are under discussion (EURO 6).  

Air quality, however, has not improved as much as predicted with the tightening of 
emissions standards for new vehicles, especially in respect of nitrogen oxides (NOx). 
One probable reason for this is the gap between the performance of emission control 
strategies and measures during type approval tests and their effectiveness under real 
operating conditions. 

This study aims to provide explanations for the gap, both for cars and heavy duty 
vehicles (HDVs) on the basis of a comparison of operating conditions under test cycles 
and operating conditions in real traffic. Possibilities to improve test cycles to match on-
road conditions more closely are examined and recommendations made for the 
introduction of in-use control tests. The study focusses mainly on NOx emissions and 
heavy duty vehicles. 
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2. REVIEW OF EU AND UN-ECE REGULATIONS 

2.1 Cars and light duty vehicles 

2.1.1 Measurement procedures and limit values for type approval 

The measurement procedures and limit values for the exhaust emission certification 
tests during the type approval procedure for cars and light duty vehicles are specified in 
ECE R 83-05 and the corresponding EU directive 70/220/EEC at last amended by 
2003/76/EC. Light duty vehicles are commercial vehicles with gross vehicle mass not 
exceeding 3500 kg. 

Depending on engine and fuel type a series of tests must be carried out during the 
type approval procedure (see Table 1). The limit values for the type I test are shown in 
Table 2 for the different emission stages from EURO 1 to EURO 4. EURO 4 will become 
mandatory for all new vehicles in 2006. The cycle used for this test is the new European 
driving cycle (NEDC) consisting of four urban cycles (top speed 50 km/h) and one extra 
urban cycle (top speed 120 km/h). 

The type II test is conceived as roadworthiness test. For the type III test it is required, 
that no crankcase gas is emitted into the atmosphere. The evaporative emissions 
measured within the type IV test shall be less than 2 g/test. 

The limit values for the type VI test, verifying the average low ambient temperature 
carbon monoxide and hydrocarbon tailpipe emissions after a cold start, are shown in 
Table 3.  

2.1.2 OBD requirements 

On-board diagnostic systems (OBD) are mandatory or will become mandatory by 
01.01.2007 on. The enforcement dates for different vehicle categories and subclasses 
are shown in Table 4. OBD means an on-board diagnostic system for emission control 
which must have the capability of identifying the likely area of malfunction by means of 
fault codes stored in computer memory. The OBD system must be so designed, 
constructed and installed in a vehicle, that it is able to identify types of deterioration or 
malfunction over the entire life of the vehicle. The OBD system must indicate the failure 
of an emission-related component or system when that failure results in emissions 
exceeding the threshold limits given in Table 5. Table 6 shows the relation between the 
OBD threshold values and the EURO 4 limit values. The threshold values are 3 to 7,5 
times higher than the EURO 4 limit values and may even exceed the EURO 1 limit 
values. 
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However, it is accepted that vehicles, which have travelled distances in excess of the 
Type V durability distance (80000 km), may show some deterioration in OBD system 
performance such that the emission limits given in Table 5 may be exceeded before the 
OBD system signals a failure to the driver of the vehicle.  

Table 1:  Overview of exhaust emission measurement tests to be carried out during type approval  
(from 70/220/EEC) 

 

Explanations: The sections mentioned in Table 1 refer to the corresponding chapters 
in the directive 70/220/EEC.  

• Type I (verifying the average tailpipe emissions after a cold start), 
• Type II (carbon monoxide emission at idling speed), 
• Type III (emission of crankcase gases), 
• Type IV (evaporation emissions), 
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• Type V (durability of anti-pollution control devices), 
• Type VI (verifying the average low ambient temperature carbon monoxide and 

hydrocarbon tailpipe emissions after a cold start). 

Table 2:  Limit values for the type I test 

 
 

Table 3:  Limit values for the type VI test 
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Table 4:  Enforcement dates for OBD systems 
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Table 5:  Threshold values for failure indication of the OBD system 

 

Table 6:  Threshold values for failure indication of the OBD system divided by EURO 4 limit values 

 
 

The OBD system must be so designed, constructed and installed in a vehicle as to 
enable it to comply with the requirements of 70/220/EEC during conditions of normal use. 
But “normal use” is defined by the cycle for the type I test. Thus OBD systems will 
fail to detect emissions that exceed standards under the wide range of driving conditions 
encountered in the real world but not covered in the test cycle. Moreover there are a 
complicated series of conditions and exceptions in the rules governing for the design and 
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use of OBD that further reduce their effectiveness in ensuring emissions stay within Euro 
standard limits in normal operating conditions. For further details see annex A. 

2.1.3 Type I test cycle 

As noted, the test cycle used for type I type approval tests is the new European 
driving cycle (NEDC). The time pattern of vehicle speed, acceleration and gear use is 
shown in Figure 1. Real traffic driving behaviour is insufficiently represented by this 
cycle. The accelerations are too moderate compared with real world driving. The gear 
use leads to low engine speeds especially for high powered vehicles.  

For motorcycles the Group of Experts on Pollution and Energy of the United Nations 
Economic Commission for Europe (ECE GRPE) developed a more realistic driving cycle 
for the exhaust emission test during type approval, the so called WMTC (worldwide 
harmonised motorcycle test cycle) cycle. Currently the EU commission considers to 
replace the NEDC by the WMTC for the 2006 emission stage (EURO 3) for motorcycles. 
On a long term perspective the NEDC for cars should also be replaced by a new test 
cycle that better reflects real world driving behaviour. 

Figure 1:  Vehicle speed, acceleration and gear use versus time for the NEDC 

 

2.1.4 Reduction measures 

Since EURO 4 is already mandatory for new types and will become mandatory for all 
types in 2006, the summary of reduction measures will be focussed on EURO 4 only. 
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The reduction measures that have been used or will be used for meeting the limit values 
of EURO 4 are improvements of the internal combustion process (by using advanced 
electronically controlled fuel injection systems) and effective exhaust gas after-treatment 
systems.  

For vehicles with positive ignition engines multipoint injection with a precise lambda 
setting and 3-way catalyst technology comprises the state of the art. Concepts with lean-
burn stratified charged operation that are currently under development or already on the 
market are targeting on fuel consumption and CO2 emission reduction rather then on 
exhaust emission reduction (see Literature 6). 

The Diesel engine (compressed ignition engine) is standard for heavy duty vehicles 
in Europe due to its good economy and durability. It has also become an increased 
acceptance for cars and light duty vehicles. The market share of cars with Diesel engines 
has already reached the 1:1 relation in some European countries. Modern Diesel 
engines feature 4-valve technology, turbo charger (with variable turbine geometry) and 
direct injection. The common rail technology with its great variability (injection pressure, 
start of injection, multiple injections) becomes increasingly the state of the art (see 
Literature 6). 

In contrast to positive ignition engines the development needs for Diesel engines are 
focussed on the reduction of exhaust emissions, particularly NOx and particulates. The 
reduction technologies used for the EURO 4 emission standard are exhaust gas 
recirculation (in order to reduce NOx) and particulate filters, if necessary. 

For the future alternative diesel combustion processes (homogeneous charge late 
injection, highly premixed late injection) are under development in order to reduce NOx 
and particulate emissions but the not yet available sufficiently complex process 
controlled engine management prevents the practical implementation. For further details 
see Literature 6. 

2.2 Heavy duty vehicles 

2.2.1 Measurement procedures and limit values for type approval 

Heavy duty vehicles (HDV) are commercial vehicles with gross vehicle mass (GVM) 
above 3500 kg. HDV covers vehicles of categories N2, N3, M2 (> 3500 kg GVM) and M3 
as specified in the ECE consolidated resolution on the construction of vehicles (RE 3). In 
contrast to cars HDV are not produced in large scale manufacturing but with a broad 
variety of chassis dimensions and transmissions. For that reason the engine (or even 
more exact a parent engine of an engine family) is certified with respect to its exhaust 
emissions during type approval. The measurement procedures and limit values are 
specified in ECE regulation 49 and the corresponding EU directives. The emission 
stages EURO 1 and EURO 2 are specified in Revision 2 of this regulation, the stages 
EURO 3, 4 and 5 in revision 3. The limit values and enforcement dates are shown in 
Table 7.  
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Table 7:  Emission stages for HDV Diesel engines in the EU (EEV" means Enhanced Environmentally  
Friendly Vehicle) 

 

2.2.2 Test cycles 

The different emission stages are related to different test cycles. For EURO 1 and 2 
a steady state 13-mode cycle was used, which is called ECE R 49 in this report. The 
measurement modes and their weighting factors for the calculation of the final result are 
shown in Table 8.  

"Rated speed" means the maximum full load speed allowed by the governor as 
specified by the manufacturer in his sales and service literature, or, if such a governor is 
not present, the speed at which the maximum power is obtained from the engine, as 
specified by the manufacturer in his sales and service literature. "Intermediate speed" 
means the speed corresponding to the maximum torque value if such speed is within the 
range of 60 to 75 per cent of rated speed; in other cases it means a speed equal to 60 
per cent of rated speed. 

For EURO 3 the test cycle was changed to the European steady state cycle ESC 
and a load response test (ELR) was added. The ESC is also a steady state 13-mode test 
but measurements have to be made at 3 different engine speeds, called A, B and C, 
(plus idling speed) and the engine speeds are shifted to a lower range compared to the 
ECE R 49 cycle. The engine speeds A, B and C depend on two reference speeds nlo and 
nhi that are related to the full load power curve of the engine.  
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Table 8:  ECE R 49 13-mode steady state cycle 

 

nlo means the lowest engine speed where 50 per cent of the declared maximum 
power occurs. nhi means the highest engine speed where 70 per cent of the declared 
maximum power occurs. The test speeds A, B and C are derived from these reference 
speeds using the following equations (see also Figure 2): 

 A = nlo + 0.25*(nhi - nlo), 
 B = nlo + 0.5*(nhi - nlo), 
 C = nlo + 0.75*(nhi - nlo), 

The rank order of the 13 modes, the engine load values and the weighting factors for 
the calculation of the final result are shown in Table 9. Additionally, NOx must be 
measured at three test points within the control area selected at random by the Technical 
Service doing the tests. The measured values of NOx emissions at these three points 
must correspond closely to values calculated from the standard test points closest to the 
selected test points. This control check is intended to ensure the effectiveness of the 
emission control of the engine within the typical engine operating range. The three 
additional test points are selected using approved statistical methods of randomisation. 
(If there is a discrepancy between the tested and calculated values the engine fails type 
approval testing). 

The ELR test consists of a sequence of load steps at constant engine speeds as 
shown in Figure 3. For more information see ECE Regulation 49, revision 3 

The ETC test consists of 1800 second-by-second transient modes. The time pattern 
of normalised engine speed and load are shown in Figure 4. 
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Figure 2:  Reference speeds and test speeds fort he ESC (from ECE R 49, rev 3) 

 

 
Table 9:  ESC 13-mode steady state cycle 
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Figure 3:  Sequence of ELR test (from ECE R 49, rev 3) 

 

Figure 4:  ETC dynamometer schedule (from ECE R 49, rev 3) 

 

To run the ETC on a test bench for a particular engine the normalised speed pattern 
have to be transformed into engine speeds by using the following equations: 
 n = n_norm_ETC * (nref – nidle) + nidle 
 with n – actual engine speed, 
 n_norm_ETC = %-value of the dynamometer schedule of Figure 4, 
 nref = nlo + 0.95*(nhi - nlo), nlo and nhi as defined above, 
 nidle – idling speed. 
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For EURO 4 and 5 the ETC is mandatory in addition to the ESC and ELR. 

The intended reduction of the pollutant emissions for EURO 3 compared to EURO 2 
can be summarised as an overall 30% reduction that was achieved by internal 
measures, mainly by the introduction of electronic engine management. EURO 4 means 
a further 30% reduction in CO, HC and NOx and 80% reduction in particulates for the 
test cycles compared to EURO 3.  

2.2.3 Reduction measures 

The manufacturers offer different solutions to fulfil the EURO 4 standard. One 
solution is the use of exhaust gas recirculation (EGR) in order to reduce NOx. Some of 
the exhaust gases are cooled and fed back into the engine to achieve a combustion with 
less NOx formation. This results in lower NOx emissions. The reduction of particulate 
emissions is achieved by high injection pressure. This option is for example offered by 
SCANIA.  

Another solution is the use of EGR with an additional particulate filter or an additional 
particulate aftertreatment device designed to reduce emissions of particulate pollutants 
through a mechanical, aerodynamic, diffusional or inertial separation. Some of the 
exhaust gases are cooled and fed back into the engine to achieve a lower combustion 
temperature. A lower combustion temperature gives lower NOx emissions. The open PM 
aftertreatment system (often referred to as PM-Cat) is combined with a preconnected 
oxidation catalyst. The oxidation catalyst is intended to reduce the CO and HC emission 
but also increases the ratio of NO2 to NO in the exhaust gas. This ensures that  
particulates in the aftertreatment burn off at normal exhaust temperatures (2NO2 + C  
2NO + CO2). This solution is for example offered by MAN for the EURO 4 engines. MAN 
states that this solution does not require additives and thus is temperproof and results in 
an payload “advantage” of up to 150 kg. 

Another solution is the use of selective catalytic reduction systems (SCR) in order to 
reduce NOx. SCR is an aftertreatment method that requires an urea-based additive, 
AdBlue. AdBlue is injected into the exhaust to maintain a reaction in the catalytic 
converter, which is integrated in the silencer. This technology is already state of the art 
for a long time for stationary NOx sources like power plants or waste incinerating plants. 
The SCR solves the goal conflict between a reduction of fuel consumption and 
particulate emissions and the resulting increase of NOx emissions, because SCR has 
such a high reduction potential that even the more stringent EURO 5 limit values for NOx 
can be met.  

This is the reason why the European manufacturers agreed in using this technology 
for EURO 5 engines. The disadvantage is the need of an extra tank for the AdBlue that 
results in a reduction of the payload, the need for an infrastructure for AdBlue fuelling 
stations and additional costs for the additive. The SCR needs a quantity of AdBlue, which 
amounts to approximately 5% of the fuel consumption, the infrastructure for fuelling 
stations is currently built up.  
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The European automobile manufacturers association (ACEA) stated that SCR 
technology will enable their members to comply with the EURO 4 and 5 emission 
standards and, at the same time, achieve fuel consumption levels which are 5 to 6% 
lower than those of equivalent EURO 3 engines. There is hope that the fuel consumption 
reduction compensates the extra costs for the AdBlue additive. 

Compared to EGR the SCR technology imply a higher risk for manipulation and 
misuse since in principle the engine would also work properly without the additive. 

It needs to be added that the above mentioned reduction technologies only achieve 
their optimal potential in combination with Diesel fuel with a low sulphur content (< 10 
ppm). This fuel quality is in the meantime standard in many member states of the EU.  

For EURO 5 the following additional requirements are foreseen in order to keep the 
in-use emissions in line with the limit values: 

• The engine must be equipped with an on-board diagnostic (OBD) system with a 
malfunction indicator (MI). The manufacturer must provide a description of the 
warning mode used to signal the lack of required reagent for a SCR to a driver of 
the vehicle.  

• NOx sensors or equivalent on-board monitoring systems must be used. The 
engine torque will be limited, if the NOx values exceed the OBD-threshold limits. 

• The use of a defeat strategy is forbidden.  

• The use of a multi-setting engine is forbidden until appropriate and robust 
provisions are laid down in the corresponding EU directive.  

• Anti-tempering measures must be taken in order to deter modifications of 
computer chips/programmes that are parts of the engine management system. 
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3. COMPARISON OF OPERATING CONDITIONS OF THE TEST CYCLES AND 
OPERATING CONDITIONS IN REAL TRAFFIC 

3.1 Cars  

One reason for a lower effectiveness of emission control strategies/measures under 
real operating conditions compared to type approval tests is the difference in operating 
conditions. This shall be demonstrated for the following examples: 

• Compact car with 40 kW rated power (vehicle no.9 in the table below), 

• Midsize car with 90 kW rated power (vehicle no.2 in the table), 

• High performance car with 210 kW rated power (vehicle no.7). 

The in-use driving behaviour of these vehicles was measured within the frame of a 
R&D project of the German Federal Environmental Agency (see Literature 7). The 
technical data of these vehicles is shown in Table 10. The maximum engine speed for 
OBD misfire control is also given. This speed is less than 50% of rated speed for the high 
performance vehicle. 

Table 10:  Technical data of vehicle examples 
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The frequency distributions of engine speed and engine load for real world driving of 
the above mentioned vehicles is known from Literature 7. In order to get comparable 
data for the NEDC driving cycle the driving resistance power (power, needed to drive the 
vehicle according to the vehicle speed schedule of the NEDC) of these vehicles was 
calculated using the driving resistance formula described in appendix 2 of annex III of 
regulation 70/220/EEC. The resulting driving resistance power curves for constant speed 
driving are shown in Figure 5. 

The engine speeds were calculated from the speed pattern of the NEDC using the 
gearshift prescriptions of Annex III of 70/220/EEC. The engine load was calculated from 
the difference of the full load power curves of the vehicles, that were known from 
Literature 7, and the sum of the driving resistance shown in Figure 5 and the power 
needed for acceleration.  

The results for vehicle 9 and the NEDC are shown in Figure 6. The figure shows 
how frequent a particular normalised engine speed / normalised engine load combination 
is used over the whole NEDC test cycle. The different colours indicate the percentage of 
time in relation to the total driving time. Figure 7 shows corresponding results from real 
traffic with average driving behaviour, Figure 8 shows the results from real traffic with 
high revs driving behaviour. This behaviour keeps the gears during acceleration phases 
longer resulting in higher maximum engine speeds than the average driving behaviour. 
High revs driving behaviour is typically used when filtering from a residential street into 
the fast flowing traffic of a superordinated main street or from an motorway entrance into 
the motorway. The engine speeds in the figures are normalised to the range between 
idling speed and rated speed. 

Figure 5:  Driving resistance curves of the 3 example cars (Pres means the driving resistance power that is 
needed to drive the vehicle on a level road with constant speed) 
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Figure 6:  Normalised engine speed and load distribution for the NEDC, vehicle 9 

 

Figure 7:  Normalised engine speed and load distribution for real world driving, vehicle 9, average  
driving behaviour 
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Figure 8:  Normalised engine speed and load distribution for real world driving, vehicle 9, high 
 revs driving behaviour 

 

Figure 9 to Figure 11 show similar results for the midsize car (vehicle 2) and Figure 
12 to Figure 14 the corresponding results for the high performance car (vehicle 7). 

The differences between the NEDC and real traffic are higher for the engine load 
than for the engine speed, but it can clearly be seen that the NEDC covers very limited 
areas of the engine map. The biggest differences can be found when comparing the 
acceleration values of the NEDC with the acceleration values of real world driving (see 
Figure 15). These differences increase with increasing power to mass ratio of the 
vehicles because it is known from the analysis of in-use driving behaviour data that the 
acceleration values increase with power to mass ratio. That means that the acceleration 
values of the NEDC are much lower than those achieved in real traffic and that the 
exhaust emission “behaviour” of the vehicle during acceleration phases in real traffic is 
not sufficiently controlled by the NEDC test. 
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Figure 9:  Normalised engine speed and load distribution for the NEDC, vehicle 2 

 

Figure 10:  Normalised engine speed and load distribution for real world driving, vehicle 2,  
average driving behaviour 
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Figure 11:  Normalised engine speed and load distribution for real world driving, vehicle 2,  

high revs driving behaviour 
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Figure 12:  Normalised engine speed and load distribution for the NEDC, vehicle 7 
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Figure 13:  Normalised engine speed and load distribution for real world driving, vehicle 7,  
average driving behaviour 

 

Figure 14:  Normalised engine speed and load distribution for real world driving, vehicle 7, high revs driving 
behaviour 
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Figure 15:  Acceleration values of the NEDC compared to real world driving, vehicle 2, average driving 
behaviour 

 

3.2 Heavy duty vehicles 

The difference in operating conditions between real world driving and type approval 
tests for heavy duty vehicles shall be demonstrated for the following examples: 

• Delivery truck with 7500 kg gross vehicle mass (GVM), 

• Delivery truck with 17000 kg GVM, 

• Trailer truck with 30000 kg GVM, 

• Long haulage trailer truck with 40000 kg GVM. 

The in-use data were derived within a research project of the German environmental 
agency, which was related to the improvement of the ECE R 49 test procedure (see 
Literature 4). 

Figure 16 shows this comparison for the delivery truck with 7500 kg GVM and the 
ECE R 49 test cycle, which was used for type approval up to EURO 2. This figure and 
also the following figures do only contain conditions with positive or zero power output, 
motoring sections, where the vehicle is decelerating and the engine is running at speeds 
above idling but with negative torque, are not shown.  
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Since this vehicle is mainly used in urban areas its engine conditions are not 
focussed on specific engine speed and load areas but are widely spread between idling 
speed and 75% of rated speed and zero to 100% engine load. Idling is about 38% of the 
driving time, the vehicle operates in real traffic nearly 30% of the time with engine speeds 
below 55% of rated speed. Rated speed is never reached. The discrepancy between the 
type approval test conditions and the real world operation conditions is obvious. This is 
also the case for the ESC (see Figure 17) and even the ETC (Figure 18) covers only the 
upper end of the engine speed range used in real world driving.  

Figure 16:  In-use engine speed and load points compared to corresponding points for the ECE R49 cycle, 
delivery truck with 7500 kg GVM 

 

The corresponding comparisons for the delivery truck with 17000 kg GVM are shown 
in Figure 19 to Figure 21. The test conditions of the ESC and the ETC are better 
matched with in-use operating conditions but the 22% of operating time with engine 
speeds below speed A of the ESC is not covered by the test cycles. On the other hand, 
the test speed B of the ESC as well as the most frequently used engine speed of the 
ETC are very close to the most frequently used engine speed range for in-use operation. 
For in-use operation idling is 10% of the total driving time with zero or positive power 
output.  

The comparisons for the trailer truck with 30000 kg GVM are shown in Figure 22 to 
Figure 24. The ECE R 49 cycle is not in line with in-use operation. The ESC fits better 
but the most frequently used engine speeds for real world operation are focussed 
between speeds A and B. For this example the ETC is very much in line with in-use 
operation. For real world operation idling time is 13% and the engine speed range 
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between 67% to 77% of rated speed covers 50% of the driving time. The focus on a 
preferred speed is typical for cases where rural and motorway operation dominates. For 
urban conditions the engine speed distribution gets broader.   

Figure 17:  In-use engine speed and load points compared to corresponding points for the ESC cycle,  
delivery truck with 7500 kg GVM 

 

Figure 18:  In-use engine speed and load points compared to corresponding points for the ETC cycle, delivery 
truck with 7500 kg GVM 
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Figure 19:  In-use engine speed and load points compared to corresponding points for the ECE R49 cycle, 
delivery truck with 17000 kg GVM 

 

Figure 20:  In-use engine speed and load points compared to corresponding points for the ESC cycle, delivery 
truck with 17000 kg GVM 
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Figure 21:  In-use engine speed and load points compared to corresponding points for the ETC cycle, delivery 
truck with 17000 kg GVM 

 

Figure 22:  In-use engine speed and load points compared to corresponding points for the ECE R49 cycle, 
trailer truck with 30000 kg GVM 
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Figure 23:  In-use engine speed and load points compared to corresponding points for the ESC cycle, trailer 
truck with 30000 kg GVM 

 

Figure 24:  In-use engine speed and load points compared to corresponding points for the ETC cycle, trailer 
truck with 30000 kg GVM 
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The comparisons for the trailer truck with 40000 kg GVM are shown in Figure 25 to 
Figure 29. The ECE R 49 cycle is shown in Figure 25. The intermediate is quite close to 
the most frequently used speed for in-use operation, but as for the examples before, 
rated speed is rarely used in real world operation. In order to demonstrate one gap of the 
ESC/ETC procedure both cycles are shown for two different engine designs with respect 
to nhi. In one case nhi is 107% of rated speed, in the other case nhi is increased to 129% 
of rated speed. The full load curve up to rated speed remains unchanged, so that there is 
no influence on the ECE R 49 cycle.  

The comparisons with in-use operation for the ESC are shown in Figure 26 and 
Figure 27. In both cases speeds B and C are far above the most frequently used engine 
speeds for real world operation. With nhi = 107% of rated speed. A is at the lower end of 
the most frequently used engine speeds for real world operation, with nhi = 129% speed 
A moves to the higher end of the in-use speed range and speed C moves to 110% of 
rated speed. The ETC is in both cases not in line with in-use operation but the mismatch 
is highest for nhi = 129%. This enables the manufacturer to optimise the test cycle 
operation for low NOx emissions and the in-use operation, which is below the control 
area of the ESC/ETC procedure for fuel consumption and would certainly lead to higher 
NOx emissions than one would expect from the test results. 

A state of the art engine with an electronically controlled management system 
typically has a rated speed value around 1800 revs per minute. A maximum speed of 
2300 2400 rev.min-1 is technically no problem. It may be even advantageous for downhill 
operation, because it provides high engine brake forces. The layout of the power curve 
above rated speed is then just a matter of the design of the management system. 

Figure 25:  In-use engine speed and load points compared to corresponding points for the ECE R49 cycle, 
trailer truck with 40000 kg GVM 
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Figure 26:  In-use engine speed and load points compared to corresponding points for the ESC cycle, trailer 
truck with 40000 kg GVM 

 

Figure 27: In-use engine speed and load points compared to corresponding points for the ESC cycle, trailer 
truck with 40000 kg GVM and modified nhi 
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Figure 28:  In-use engine speed and load points compared to corresponding points for the ETC cycle, trailer 
truck with 40000 kg GVM 

 

Figure 29:  In-use engine speed and load points compared to corresponding points for the ETC cycle, trailer 
truck with 40000 kg GVM and modified nhi 
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4. CONCLUSIONS AND RECOMMENDATIONS 

The discussion about the risks of having a gap between the exhaust emissions 
during type approval and during in-use operation has to be structured into the following 
topics: 

• Cycle bypass measures used by the manufacturer in order to pass the type 
approval tests but achieve better fuel efficiency or other performance 
enhancement at the cost of higher emissions during in-use operation,  

• On-board diagnostic systems (OBD) related gaps, 

• Driver behaviour related gaps.  

4.1 Cycle bypass measures 

4.1.1 Cars and light duty vehicles 

For cars the main gap with respect to cycle bypass measures is the gap between the 
New European Driving Cycle (NEDC) and real world vehicle operation. Up to 100 km/h 
the NEDC covers only half the range of the accelerations of real world driving, even for 
average driving behaviour. This leaves a wide area of operating conditions of real world 
driving uncontrolled. The introduction of the OBD system aimed at closing this gap. But 
the current definitions and requirements give the manufacturer a lot of different options 
and lead to a too small control area. So the gap is still remaining. 

Therefore, it is recommended to perform in-use compliance tests for EURO 4 
vehicles using real world driving cycles in addition to the NEDC in order to assess how 
big this gap is. The CADC cycle (common Artemis driving cycle, see Literature 8) could 
be used for this exercise. 

On a long term perspective, the NEDC should be replaced by a more realistic driving 
cycle that better reflects real world driving.  

An additional special gap needs to be mentioned for light duty commercial vehicles 
(N1 vehicles), where the manufacturer can choose between two options for type 
approval. Either regulation 88/77/EC (heavy duty vehicles engine type approval) or 
regulation 70/220/EC (cars and light duty vehicle family approval) may apply. If an 
engine is a derivate from a heavy duty vehicle engine the manufacturer may choose 
88/77/EC for the engine certification, if the engine comes from a car engine the 
manufacturer may choose 70/220/EC. For the first option the measurement procedure 
for heavy duty vehicles is used and the limit values are given in g/kWh, while the second 
option has limit values in g/km.  

Within the frame of Literature 9 the exhaust emissions of 5 light duty vehicles were 
measured on a roller bench using the NEDC and the CADC. For the NEDC test the 
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emissions of those 3 vehicles, whose engines had been certified with respect to 
99/98/EC, were significantly higher than the emissions of the 2 vehicles certified with 
respect to 70/220/EEC. The CADC contains 3 parts: urban, rural and motorway. 
Interestingly enough the differences between both groups were lower than for the NEDC 
for the motorway part and highest for the urban part of the CADC. 

Consequently certification of light duty vehicles under 70/220/EEC only is 
recommended. 

4.1.2 Heavy duty vehicles 

For heavy duty vehicles the main gap with respect to cycle bypass measures is the 
possibility already mentioned to design the power-train of a vehicle in such a way that the 
most frequently used engine speed range for in-use operation falls between the ESC test 
speeds A and B or even below A (see section 3.2). For EURO 3 this gave the 
manufacturer the possibility to optimise NOx emission for the test cycle and fuel 
consumption for the in-use conditions. Furthermore it is well known that the particulate 
emissions at low engine speeds and high engine load might exceed the limit values 
significantly. If the in-use operation focuses on the speed range below A, no limitation will 
be effective at all.  

In addition to that the results presented in section 3.2 clearly show the need to 
extend the control area down to nlo. 

The weakness of the ESC and ETC test cycles with respect to speed range shifting 
can be repaired by replacing these cycles by the WHSC (Worldwide Heavy Duty Diesel 
Engine Stationary Test Cycle) and WHTC cycles (Worldwide Heavy Duty Diesel Engine 
Transient Test Cycle) that were developed under the umbrella of the GRPE (Group of 
Experts on Pollution and Energy of the United Nations Economic Commission for 
Europe) subgroup WHDC (Worldwide Heavy Duty Diesel Engine Certification Procedure, 
see Literature 5). The principle is similar as for the ESC/ETC but the denormalisation 
procedure is much more robust against speed range shifting. 

The WHTC and WHSC engine speed schedules use normalised engine speed 
values. The normalisation procedure is based on three characteristic engine speed 
values; all of them are related to the full load power curve of the engine. For further 
details see annex B. The procedure is much more robust against cycle bypass measures 
than the ETC. 

The differences between the ETC and WHTC cycles are shown for the long haulage 
vehicle in Figure 30 to Figure 33. The robustness of the WHTC is obvious. 

With respect to after-treatment systems cycle bypass measures are conceivable for 
SCR systems. The manufacturer could optimise the SCR system for the test cycle but 
would allow high off-cycle NOx emissions in order to save AdBlue. This gap will be 
closed, if the NOx monitoring and the OBD will work properly and will cover engine 
speeds between nlo and nhi and engine loads between 10% and 100% as a not-to-
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exceed area. This is not yet ensured with the current proposals for the directive 
amendment.  

In addition the NOx threshold values for OBD should be reduced significantly.  

With respect to particulate filters it should be ensured that the efficiency in the whole 
not-to-exceed area is the same as for the type approval test.  

Cycle bypass measures for EGR are rarely to be expected because there is nearly 
no benefit if the EGR is switched off or shortcut. The situation for cars could be different. 

Figure 30:  In-use engine speed and load points compared to corresponding points for the ETC and WHTC 
cycles, trailer truck with 40000 kg GVM and low nhi 
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Figure 31:  In-use engine speed and load points compared to corresponding points for the ETC and WHTC 
cycles, trailer truck with 40000 kg GVM and high nhi 

 

Figure 32:  In-use engine speed and load points compared to corresponding points for the ETC cycle, trailer 
truck with 40000 kg GVM, low and high nhi 
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Figure 33:  In-use engine speed and load points compared to corresponding points for the WHTC cycle,  
trailer truck with 40000 kg GVM, low and high nhi 

 

4.2 OBD related gaps 

4.2.1 Cars and light duty vehicles 

As already mentioned, the current definitions and requirements of the OBD system 
for cars and light duty vehicles give the manufacturer a lot of different options and lead to 
a too small control area. Together with the very high threshold values this system only 
makes sure that the EURO 1 emission values are not exceeded in real traffic, provided 
that the malfunction indicator works properly. 

There is no doubt that the OBD system is a step in the right direction. But it needs to 
be improved in order to become a powerful tool. The system should cover a larger part of 
the engine map and should have more stringent threshold values than required by 
70/220/EEC. Its effectiveness should be assessed by in-use compliance measurements.  

The control area for the OBD should be based on the analysis of in-use driving 
behaviour (see Figure 34). 
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Figure 34:  Proposal for an upper engine speed limit for an OBD control area 

 

4.2.2 Heavy duty vehicles 

The amendments that are currently discussed for NOx monitoring and OBD require 
precise NOx sensors and highly efficient particulate traps (if used) and highly 
sophisticated calculation algorithms. It should be assured that the whole system works 
properly for the above proposed not to exceed area. This will be not the case, if the 
functionality of the OBD is only checked by using the ESC cycle. Even the use of the 
ETC seems to be not sufficient.  

4.3 Driver behaviour related gaps 

4.3.1 Cars and light duty vehicles 

For cars and light duty vehicles the variation of operating conditions due to 
differences in individual driving behaviour is somewhere between motorcycles (highest 
variations) and heavy duty vehicles (lowest variations). At present it can clearly be stated 
that aggressive driving behaviour will lead to an increase of the exhaust emissions 
because it leads to operating conditions that are far away from those covered by the 
NEDC.  

A second point that needs to be considered but cannot yet be foreseen is how the 
driver handles activations of the malfunction indicator of the OBD and if the driver 
ensures proper maintenance of all emission reduction parts of the vehicle over the whole 
lifetime. For example, there are some indications that drivers disconnected the EGR of 
their vehicle, because they found out that the acceleration performance was improved by 
this measure. Such behaviour can only be avoided if malfunctions are safely stored and 
are accessible for in-use compliance checks. 
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4.3.2 Heavy duty vehicles 

Driver’s behaviour related gaps for heavy duty vehicles can be focussed to SCR. 
There might be a risk that the driver ignores warnings for the lack of reactive agent 
(AdBlue) and/or that the owner does not carry out required maintenance work for 
emission relevant parts of the vehicle. One measure already foreseen against such 
behaviour is the torque limitation. This measure is certainly appropriate but it has to be 
ensured that the emissions monitoring and the OBD is tamper proof. At the present stage 
of the discussion it is difficult to assess, whether the proposed anti tampering measures 
will really work.  
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ANNEX A:  DETAILED DESCRIPTION OF OBD REQUIREMENTS 

The following monitoring requirements for the OBD system apply for vehicles 
equipped with positive-ignition engines (see 70/220/EEC and its amendments): 

The OBD system must, at a minimum, monitor for: 

• Reduction in the efficiency of the catalytic converter with respect to the emissions 
of HC only. Each monitored catalyst or catalyst combination shall be considered 
malfunctioning when the emissions exceed the HC threshold given in Table 5.  

• The presence of engine misfire in the engine operating region bounded by the 
following lines: 

(a) a maximum speed of 4 500 min-1 or 1000 min-1 greater than the highest 
speed occurring during a Type I test cycle, whichever is the lower; 

(b) the positive torque line (i.e. engine load with the transmission in neutral); 

(c) a line joining the following engine operating points: the positive torque line at 
3 000 min-1 and a point on the maximum speed line defined in (a) above with the 
engine's manifold vacuum at 13,33 kPa lower than that at the positive torque 
line. 

Manufacturers may adopt higher misfire percentage malfunction criteria than those 
declared to the type approval authority, under specific engine speed and load conditions 
where it can be demonstrated to the authority that the detection of lower levels of misfire 
would be unreliable. 

When a manufacturer can demonstrate to the authority that the detection of higher 
levels of misfire percentages is still not feasible, or that misfire cannot be distinguished 
from other effects (e.g. rough roads, transmission shifts, on engine starting; etc.) the 
misfire monitoring system may be disabled when such conditions exist. 

• Oxygen sensor deterioration; 

• If active on the selected fuel, other emission control system components or 
systems, or emission-related powertrain components or systems which are 
connected to a computer, the failure of which may result in tailpipe emissions 
exceeding the limits given in Table 5. 

• Unless otherwise monitored, any other emission-related powertrain component 
connected to a computer, including any relevant sensors to enable monitoring 
functions to be carried out, must be monitored for circuit continuity. 

• The electronic evaporative emission purge control must, at a minimum, be 
monitored for circuit continuity. 
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For vehicles equipped with compression-ignition engines the OBD system must 
monitor: 

• Where fitted, reduction in the efficiency of the catalytic converter. 

• Where fitted, the functionality and integrity of the particulate trap. 

• The fuel-injection system electronic fuel quantity and timing actuator(s) is/are 
monitored for circuit continuity and total functional failure. 

• Other emission control system components or systems, or emission-related 
powertrain components or systems, which are connected to a computer, the 
failure of which may result in tailpipe emissions exceeding the limits given in 
Table 5. Examples of such systems or components are those for monitoring and 
control of air mass-flow, air volumetric flow (and temperature), boost pressure 
and inlet manifold pressure (and relevant sensors to enable these functions to be 
carried out). 

• Unless otherwise monitored, any other emission-related powertrain component 
connected to a computer must be monitored for circuit continuity. 

Manufacturers may demonstrate to the approval authority that certain components or 
systems need not be monitored if, in the event of their total failure or removal, emissions 
do not exceed the emission limits given in Table 5. 

A sequence of diagnostic checks must be initiated at each engine start and 
completed at least once provided that the correct test conditions are met. The test 
conditions must be selected in such a way that they all occur under normal driving as 
represented by the Type I test. 

The OBD system must incorporate a malfunction indicator (MI) readily perceivable to 
the vehicle operator. The Ml must not be used for any other purpose except to indicate 
emergency start-up or limp-home routines to the driver. The Ml must be visible in all 
reasonable lighting conditions.  

For strategies requiring more than two preconditioning cycles for MI activation, the 
manufacturer must provide data and/or an engineering evaluation which adequately 
demonstrates that the monitoring system is equally effective and timely in detecting 
component deterioration. Strategies requiring on average more than 10 driving cycles for 
MI activation are not accepted. The MI must also activate whenever the engine control 
enters a permanent emission default mode of operation if the emission limits given in 
Table 5 are exceeded or if the OBD system is unable to fulfil the basic monitoring 
requirements specified in 70/220/EEC. 

The MI must operate in a distinct warning mode, e.g. a flashing light, under any 
period during which engine misfire occurs at a level likely to cause catalyst damage, as 
specified by the manufacturer. The MI must also activate when the vehicle’s ignition is in 
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the “key-on” position before engine starting or cranking and deactivate after engine 
starting if no malfunction has previously been detected. 

The OBD system must record fault code(s) indicating the status of the emission 
control system. Separate status codes must be used to identify correctly functioning 
emission control systems and those emission control systems which need further vehicle 
operation to be fully evaluated. If the MI is activated due to deterioration or malfunction or 
permanent emission default modes of operation, a fault code must be stored that 
identifies the type of malfunction. A fault code must also be stored, if the circuit continuity 
of any emission-related powertrain component connected to a computer, including any 
relevant sensors to enable monitoring functions to be carried out, is not ensured. 

The distance travelled by the vehicle while the MI is activated must be available at 
any instant through the serial port on the standard link connector. 

In the case of vehicles equipped with positive-ignition engines, misfiring cylinders 
need not be uniquely identified if a distinct single or multiple cylinder misfire fault code is 
stored. 

If misfire at levels likely to cause catalyst damage (as specified by the manufacturer) 
is not present any more, or if the engine is operated after changes to speed and load 
conditions where the level of misfire will not cause catalyst damage, the MI may be 
switched back to the previous state of activation during the first driving cycle on which 
the misfire level was detected and may be switched to the normal activated mode on 
subsequent driving cycles. If the MI is switched back to the previous state of activation, 
the corresponding fault codes and stored freeze-frame conditions may be erased. 

For all other malfunctions, the Ml may be de-activated after three subsequent 
sequential driving cycles during which the monitoring system responsible for activating 
the Ml ceases to detect the malfunction and if no other malfunction has been identified 
that would independently activate the Ml. 

The OBD system may erase a fault code and the distance travelled and freezeframe 
information if the same fault is not re-registered in at least 40 engine warmup cycles. 

Temporary disablement of the OBD system:  

A manufacturer may disable the OBD system if its ability to monitor is affected by low 
fuel levels. Disablement must not occur when the fuel tank level is above 20 % of the 
nominal capacity of the fuel tank. 

A manufacturer may disable the OBD system at ambient engine starting 
temperatures below 266 °K (-7 °C) or at elevations over 2 500 metres above sea level 
provided the manufacturer submits data and/or an engineering evaluation which 
adequately demonstrate that monitoring would be unreliable when such conditions exist. 
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A manufacturer may also request disablement of the OBD system at other ambient 
engine starting temperatures if he demonstrates to the authority with data and/or an 
engineering evaluation that misdiagnosis would occur under such conditions. 

For vehicles designed to accommodate the installation of power take-off units, 
disablement of affected monitoring systems is permitted provided disablement occurs 
only when the power take-off unit is active. 

The functionality of the OBD system is tested during type approval by performing 
type I tests (using the NEDC). The vehicle must be preconditioned by driving at least two 
consecutive NEDC tests. For vehicles with compression-ignition engines additional 
preconditioning of two extra urban cycles is permitted. 

The following failure modes have to be tested during type approval for vehicles with 
positive-ignition engines: 

• Replacement of the catalyst with a deteriorated or defective catalyst or electronic 
simulation of such a failure. 

• Engine misfire conditions according to the conditions for misfire monitoring as 
described before. 

• Replacement of the oxygen sensor with a deteriorated or defective oxygen 
sensor or electronic simulation of such a failure. 

• Electrical disconnection of any other emission-related component connected to a 
power-train management computer (if active on the selected fuel type). 

• Electrical disconnection of the electronic evaporative purge control device (if 
equipped and if active on the selected fuel type). For this specific failure mode, 
the Type I test need not be performed. 

The following failure modes have to be tested during type approval for vehicles with 
compression-ignition engines: 

• Where fitted, replacement of the catalyst with a deteriorated or defective catalyst 
or electronic simulation of such a failure. 

• Where fitted, total removal of the particulate trap or, where sensors are an 
integral part of the trap, a defective trap assembly. 

• Electrical disconnection of any fuelling system electronic fuel quantity and timing 
actuator. 

• Electrical disconnection of any other emission-related component connected to a 
powertrain management computer. 

The Ml must activate before the end of the test. 
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Upon determination of the first malfunction of any component or system, 
'freezeframe' engine conditions present at the time must be stored in computer memory. 
Should a subsequent fuel system or misfire malfunction occur, any previously stored 
freeze-frame conditions must be replaced by the fuel system or misfire conditions 
(whichever occurs first). Stored engine conditions must include, but are not limited to 
calculated load value, engine speed, fuel trim value(s) (if available), fuel pressure /if 
available), vehicle speed (if available), coolant temperature, intake manifold pressure (if 
available), closed- or open-loop operation (if available) and the fault code which caused 
the data to be stored. The manufacturer must choose the most appropriate set of 
conditions facilitating effective repairs for freeze-frame storage. Only one frame of data is 
required. Manufacturers may choose to store additional frames provided that at least the 
required frame can be read by a generic scan tool.  

If available, the following signals in addition to the required freeze-frame information 
must be made available on demand through the serial port on the standardized data link 
connector, if the information is available to the on-board computer or can be determined 
using information available to the on-board computer:  

• Diagnostic trouble codes,  
• Engine coolant temperature,  
• Fuel control system status (closed-loop, open-loop, other),  
• Fuel trim,  
• Ignition timing advance,  
• Intake air temperature,  
• Manifold air pressure,  
• Air flow rate,  
• Engine speed,  
• Throttle position sensor output value, 
• Secondary air status (upstream, downstream or atmosphere),  
• Calculated load value, 
• Vehicle speed and  
• Fuel pressure. 

The signals must be provided in standard units. Actual signals must be clearly 
identified separately from default value or limp-home signals. 
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ANNEX B:  ENGINE SPEED NORMALISATION PROCEDURE FOR THE WHTC AND 
WHSC TEST CYCLES 

Normalisation of the WHTC engine speed schedule (nnorm_ref) is achieved with the 
following equation: 

n = nnorm_ref*(0,45*n_low + 0,45*n_pref + 0,1*n_high - n_idle)*2.0327 + n_idle 

 with  n_low -  lowest engine speed where the engine supplies 55% of its rated 
power at full load, 

   n_high -  highest engine speed where the engine supplies 70% of its 
rated power at full load, 

   n_pref - engine speed where the integral of the torque curve from idling 
speed to n_pref is 51% of the whole integral from idling speed to 
the highest speed where the engine develops 95% of its rated 
power. 

The corresponding stationary test cycle WHSC contains 12 modes distributed over 6 
engine speed values (including idling) and up to 4 different load points between 25% and 
100% (see Table 11). In order to align the WHSC and WHTC closely (which has not 
been done for ESC and ETC) a weighting factor for “motoring” is added. Motoring covers 
all situations where acceleration is negative (and emissions are zero).  

The normalisation of nnorm_ref for the WHSC uses the same equation as for the 
WHTC. 

Table 11:  Engine speed/load combinations of the WHSC 
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GLOSSARY 

ACEA European automobile manufacturers association 
CADC Common Artemis Driving Cycle 
ECE R 49 A steady state 13-mode cycle prescribed by UN ECE regulations 
EEV Enhanced Environmentally Friendly Vehicle 
EGR Exhaust gas recirculation 
ELR Load response test used to determine smoke opacity during 

emission certification of heavy-duty diesel engines 
ECE  Economic Commission for Europe 
ESC European Steady State Cycle for truck and bus engines which is 

used for emission certification of heavy-duty diesel engines.  
ETC New transient cycle for truck and bus engines is used, together 

with the ESC, for heavy duty engine emission certification. 
GRPE Group of Experts on Pollution and Energy of the United Nations 

Economic Commission for Europe 
GVM Gross Vehicle Mass 
HDVs Heavy Duty Vehicles 
MI Malfunction Indicator 
N1 Vehicles Light duty commercial vehicles 
NEDC New European Driving Cycle, used for testing passenger cars 
NOx Nitrogen oxides 
OBD On-Board Diagnostic Systems 
SCR Selective Catalytic Reduction 
WHDC Worldwide Heavy Duty Diesel Engine Certification Procedure 
WHSC Worldwide Heavy Duty Diesel Engine Stationary Test Cycle 
WHTC Worldwide Heavy Duty Diesel Engine Transient Test Cycle 
WMTC Worldwide Harmonised Motorcycle Test Cycle 
 




