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LATEST HARMFUL EXHAUST EMISSION LIMITS FOR  

NON-ROAD CATEGORY VEHICLES 

Non-road vehicles are a large group of machines and a vast majority of them utilize CI 

engines. This group includes agricultural vehicles, construction machinery, stationary en-

gines, etc. Their regulations are less restrictive compared to vehicles from the HDV catego-

ry which use similar engine units. For this reason, the Stage V standard will be introduced 

in 2018, adding reductions in the form of toxic exhaust emissions limits. In addition, retro-

fitting continues to gain popularity, which means retrofitting older engine designs with 

more modern exhaust gas after treatment systems. This article reviews also the use of 

PEMS analyzers to measure the real operation emission. 
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1. INTRODUCTION 

Off-road vehicles are a large group of vehicles using mainly compression igni-

tion engines [Dallmann and Aparna 2016]. These vehicles are not dedicated for use 

on public roads nor for the transport of people. The engines used in them are usual-

ly very similar to those used in HDV vehicles [Merkisz et al. 2016], but the condi-

tions of their operation differ depending on the work for which the machine is de-

signed. In the case of non-road vehicles, the operating conditions are characterized 

by lower variability primarily in terms of rotational speed. They also have different 

maximum powers within a single subgroup (Fig. 1). 
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Fig. 1. Range of engine power for various NRMM vehicles [Dallmann and Aparna, 2016] 

2. EMISSIVITY EVALUATION PROBLEM 

Many modern machines work only within a few load characteristics, where the 

operator decides on the crankshaft rotation speed depending on the power and 

torque requirements of the engine from several available values, and then the en-

gine is operating in the load characteristics area. The number of vehicles in the 

NRMM category is significant, and often the problem is also their age and related 

technical condition, which is not as often verified as in the case of PC vehicles. 

[Dallmann and Aparna, 2016] .The same is also true of type approval tests for these 

vehicle groups. In both cases, this is a stationary test (NRSC for NRMM and 

WHSC for HDV), and a dynamic test (NRTC and WHTC respectively) (Fig. 2). 

 

Fig. 2 Type approval tests for NRMM: NRSC and NRTC [European Commission, 2014] 
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The unit of emissivity is g/kWh, that is, the harmful component weight refer-

ence to the unit of energy generated by the engine when operating on the dyna-

mometer. The form of type approval tests has not changed significantly since 

Stage I [Posada, Yang and Muncrief, 2015]. As has been shown in many scientific 

papers, these points are not compatible with the actual operating conditions of the 

vehicle [Lijewski et al., 2017]. These differences also result in other, usually higher 

values of emissions of harmful compounds to the atmosphere, especially in the 

case of nitrogen oxides and the mass and number of particles. For example, during 

field work, the load is approximately constant and varies only with the inclination 

of the ground and with U-turns [Merkisz et al., 2015], which does not correspond 

to the NRSC and NRTC tests. 
 

 

Fig. 3. Example of an electric drive system in an agricultural tractor [John Deere 2016] 

At this moment there is no hybrid solution, that is, one that uses a different en-

ergy source, usually an electric motor, than an internal combustion engine. These 

systems result in significant reductions in fuel consumption as well as emissions of 

harmful compounds in the case of large-scale use of recuperation or recovery brak-

ing. Unfortunately, NRMM vehicles either move at low speeds or are stationary 

and such recovery cannot take place, and the share of recovery itself during idle 

engine braking results in low energy values with increased mass and complexity 

caused by electrochemical batteries [John Deere, 2016]. Manufacturers, however, 

are working on the possibility of using farm vehicles or fully electric vehicles  

(Fig. 3). The manufacturer determines the battery life at 3100 full charge discharge 

cycles, but not the capacity. This may change in the future, using modern technolo-

gies in batteries by increasing their unit capacity and power. 
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For the aforementioned reasons, current trends relate to the improvement of the 

combustion units and the optimization of the operating points so that the engine 

operates with the highest possible efficiency, i.e. under increased load and avoiding 

idling. Due to the increasingly stricter emissivity standards and the addition of 

further constraints (such as the number of particulates in Stage V [European Com-

mission 2014]), vehicle exhaust systems, and more specifically secondary emission 

reductions, are changing. 

3. EMISSION STANDARDS AND METHODS OF EMISSION REDUCTION 

The current European standard for off-road vehicles is the Stage IV, which 

makes the maximum limits dependent on the maximum power of the engine and 

the engine type (Table 1). The new standard, the Stage V, which will be in effect 

since 2019, is primarily designed to reduce emission limits with unchanged engine 

testing. The novelty is the introduction of a limit on the number of solid particles 

emitted. 

Table 1 Emission limits of individual toxic compounds for NRMM depending on power 

and engine type [EU Regulation, 2016] 

 

Current technologies used in the construction of internal combustion engines 

are not sufficient to meet emission limits. To meet their needs new methods of 

reducing emissions have been developed that work in two ways: reduction of emis-

sions in the cylinder, as well as purification of exhaust gases from the engine. The 

first of these can include modern injection systems that allow for fuel dispersion 

and independent of injection from the crankshaft position (Table 2). 

It can be seen that the limits depend on the maximum engine power and its type. 

Engines of lower power have limits at a higher level than the unit of power pro-

duced. It should be emphasized that motors with power of over 56 kW have signif-

icantly reduced hydrocarbon and nitrogen oxide limits. The emission limit will 

again increase by more than eight times for motors above 560 kW, the particulate 

mass may also be three times higher and no particle size limit. 
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Table 2. A summary of each emissivity method together with a description  

[Dallmann and Aparna 2016] 

 

Graphical changes of the limits over the years and the introduction of further 

norms are shown in Fig. 4. The limits for hydrocarbons and nitrogen oxides as well 

as particulates are reduced. Limits of these components are today the most difficult 

to meet when testing internal combustion engines. 

These changes are dictated by new research into the effect of particle diameter 

on human health, which shows that the most dangerous to humans are the smallest 

particles, a few nanometers in diameter that can pass directly to the lungs. For this 

reason, it would be very beneficial to evaluate the introduction of a particle number 

limit, i.e. to limit not only the unit mass but also the diameters. 
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Fig. 4. Change of the specific emissions limit of NC+NOx and pm depending on the standard 

[EU Regulation, 2016] 

It is possible to gradually reduce the admissible values of compounds such as 

CO, HC, NOx, and particulate matter in mass and number. The carbon dioxide 

emissions directly related to fuel consumption are not limited in any way, and all 

fuel consumption data comes from the manufacturers themselves. 

4. MODERN MEASUREMENT METHODS 

Due to the broadly understood digitization and, above all, the miniaturization 

and reduction of prices of electronic equipment, the measurement possibilities are 

also changing. One of the possibilities that has developed very strongly in recent 

years especially for PC vehicles is the use of PEMS equipment. This is a set of 

mobile exhaust gas analyzers that, in real time through sample analysis, determines 

the concentration of a particular harmful component contained in the exhaust gases. 

Intermediate methods are used. utilizing radiation absorption of a given wave-

length, acoustic and electrostatic methods. Determining the concentration is not 

sufficient to assess the impact on the environment, therefore an exhaust gas flow 

meter is used which allows the measurement of the volume flow rate of the exhaust 

gases or its mass over time. After multiplying the two values, it is possible to ob-

tain the emission per second result. In order to finally receive the result of the spe-

cific emission, the momentary power generated by the engine is required, and this 

is recorded by the on-board diagnostic system. An example of a farm tractor test 

using PEMS is shown in Fig. 5. 
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Fig. 5. Example of using PEMS during farm tractor test 

 

The main problem of this type of research is the placement of PEMS on the 

vehicle. NRMM vehicles are large in size, but they do not provide space for mount-

ing the equipment. Especially problematic are the harvesters, which are character-

ized by considerable height and often the assembly of the equipment is impossible 

due to high-voltage lines above. In the case of agricultural tractors, the use of plas-

tic bodywork is often a problem, which prevents any installment of such a structure 

outside the designated areas. It should be noted that a set of analyzers with the re-

quired wires and power generators is about 150–170 kg. The second problem is the 

high price of the apparatus. There are not many companies offering this type of 

device, which, through lack of strong competition, does not reduce the price of 

devices. Also usage is related to costs such as the calibration process is carried out 

by means of gas mixtures of strictly defined composition, the cost of which is con-

siderable.  

 

 

5. CONCLUSIONS 

Lawmakers largely focus on limiting the emissivity of toxic components to the 

atmosphere resulting from the combustion process. Further standards reduce the 

limits that must be met by ever more perfect engines used in machines. NRMM is  

a broad group of vehicles whose limits are less restrictive than those of HDV vehi-

cles. The introduction of Stage V in 2019 introduces a limit on the number of per-

manent constants, which is particularly important for human health. Unfortunately, 
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type approval tests are unchanged, and they have little in common with the actual 

operation of agricultural and building vehicles. At this moment, the only possibility 

to check for real emissions is the use of PEMS equipment. In NRMM vehicles it is 

problematic to mount it, despite the considerable reduction in its size over the 

years. At this moment there is no possibility of effective use of a hybrid or electri-

cal drive system. 
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NAJNOWSZE PRZEPISY DOTYCZĄCE BADAŃ EMISJI Z POJAZDÓW 

O ZASTOSOWANIU POZADROGOWYM 

Streszczenie 

Pojazdy o zastosowaniu pozadrogowym to szeroka grupa maszyn, w których wykorzy-

stywane są głównie silniki o zapłonie samoczynnym. Należą do niej maszyny rolnicze, 

budowlane, silniki stacjonarne itp. W porównaniu do pojazdów ciężkich, w których używa-

ne są zbliżone konstrukcyjnie silniki spalinowe, przepisy dotyczące ich emisyjności są 

mniej restrykcyjne. Norma Stage V, która wejdzie w życie z rokiem 2018 ma zmniejszyć ta 

dysproporcję zmniejszając obowiązujące limity, a także wprowadzając ograniczenie liczby 

cząstek stałych. Dodatkowo, coraz większą rolę odgrywa retrofitting, czyli doposażanie 

starszych silników w nowoczesne układy oczyszczania gazów wylotowych, a także badania 

w rzeczywistych warunkach eksploatacji przy użyciu aparatury z grupy PEMS.  

Słowa kluczowe: emisja, pojazdy non-road, przepisy 


