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Summary 

AVL Motortestcenter AB (AVL) has on commission by the Swedish Transport Administration tested 

a wheel loader of emission standard Stage IV (Volvo L220H) with Portable Emissions Measurement 

Equipment (PEMS). Regulated emissions (for engines); carbon monoxide (CO), hydrocarbons 

(THC), nitrogen oxides (NOx) as well as fuel consumption (FC) and CO2 were measured. The test 

location was the test grounds of Volvo Construction Equipment (VCE) located in Eskilstuna. The 

machine was tested in different test cycles, all representing for NRMM normal operating situations 

which could possibly be challenging for the exhaust aftertreatment system. The drivers used were 

VCE employees, all skilled NRMM drivers.  

 
Several tests were performed and evaluated both as whole tests and according to the averaging 

window principle based on work and CO2 mass emissions, as proposed for In-Service Conformity 

Procedure for Nonroad Mobile Machinery in EU [1].  

 

A comparison of the different test cycles regarding NOx during the whole test (all events) is 

presented in Figure 1. 

 

   

Figure 1 Emissions of NOx (g/kWh), whole test.  
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In order to overcome the problem with the effect of idling, has a draft proposal for the EU NRMM 

evaluation regarding exclusion of data from non-working events been suggested (this method is 

further explained in Appendix 7: NRMM non-working events). The Conformity Factors presented in 

Figure 2 and Table 1 are calculated according to the proposed In-Service Conformity Procedure for 

Nonroad Mobile Machinery with the exclusion of non-working events. 

 

 

 

Figure 2 NOx conformity factors, whole test. 

 
Table 1 Summary of Conformity Factors for the machine in the different test cycles 

    

Oval, 
empty 
bucket 

(1) 

Oval, 
empty 
bucket 

(7b) 

Oval, 
full 

bucket 
(2) 

Oval, 
full 

bucket 
(7a) 

Hill 
cycle 
(3) 

Short 
transport 

(4) 

Medium 
transport 

(6a) 

Long 
transport 

(6b) 

Conformity Factor  CO n.d 0,03 n.d 0,01 0,02 n.d n.d n.d 

Conformity Factor  THC 0,03 0,11 0,03 0,09 0,08 0,02 0,08 0,08 

Conformity Factor NOx 1,11 1,52 0,15 0,22 0,35 1,04 1,29 0,26 

 

 

The effect of other exclusions (such as using the 90 percentile vs 100 percentile and 20% power 

threshold vs no power threshold) have also been investigated in this report. Each test was 

calculated with and without these exclusions.  
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Introduction 

AVL has on commission by the Swedish Transport Administration and in accordance to offer 

4100905, carried out emission validation tests on one wheel loader of emission standard Stage IV 

(Volvo L220H). The tests were carried out using a number of different test cycles. Each cycle 

represented typical driving situations for various NRMM. The purpose of the testing was to 

investigate how different data exclusion methods in the work based window method proposed for 

the In-Service Conformity for Nonroad Mobile Machinery in EU [1] influences the Conformity 

Factors of machines operating in different typical non-road machine applications.  
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Test object 

Volvo L220 H 

 

        Figure 3 L220H with test equipment mounted behind the machine 

 

The L220H machine is of emission standard Stage IV, and had operated approximately 1500 hours. 

 

Vehicle/Machine information 

Vehicle/Machine name (manufacturer and commercial names): Volvo Construction Equipment L220H 

Vehicle/Machine model: Wheel loader 

Machine weight [ton]: 35,5 

Total weight [ton]: Full bucket adds approximately 11-12 tons to machine weight 

 

Engine information 

Engine: D13J 

Engine manufacturer: Volvo Construction Equipment 

Category of machine: Stage IV Category Q; 130 kW ≤ P ≤ 560 kW 

Engine displacement [litres]: 12,8 

Number of cylinders: 6 

Engine rated power: [kW @ rpm]: 273 @ 1300-1400 

Engine peak torque: [Nm @ rpm]: 2230 @ 1100 

Transmission: Volvo HTL 307B 

After treatment system : SCR, DPF 

Reagent specification: Commercially available AdBlue (urea).  

ECU Protocol for PEMS logging: J1939 

Limits used for calculation of EU conformity factors: see Table 6 

 



                   Test report: Wheel loader L220H, different test cycles Page 8 of 90 

 

 

  

Installation: 

 

 

Figure 4 PEMS installation on the machine 

 

 

 

 

Figure 5 Exhaust Flow Meter mounted on the exhaust pipe 
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Test equipment  

PEMS Equipment, brand and type: 

¶ AVL M.O.V.E GAS PEMS 493 

¶ Sensors EFM-HS 5” 

 

 

 

         Figure 6 AVL M.O.V.E  

 

The M.O.V.E is developed by AVL for testing of vehicles and equipment under real-world operating 

conditions. The instrument is an on-board emissions analyzer which enables tailpipe emissions to 

be measured and recorded simultaneously while the vehicle/machine is in operation. 

 

The following measurement subsystems are included in the AVL M.O.V.E GAS PEMS emission 

analyzer: 

- Heated Flame Ionization Detector (HFID) for total hydrocarbon (THC) measurement. 

- Non-Dispersive Ultraviolet (NDUV) analyzer for nitric oxide (NO) and nitrogen dioxide (NO2) 

measurement. 

- Non-Dispersive Infrared (NDIR) analyzer for carbon monoxide (CO) and carbon dioxide 

(CO2) measurement. 

- Electrochemical sensor for oxygen (O2) measurement. 

 

The instruments are operated in combination with an electronic vehicle exhaust flow meter, 

Sensors EFM-HS. The M.O.V.E. instrument uses the flow data together with exhaust component 

concentrations to calculate instantaneous and total mass emissions. The flow meter is available in 

different sizes depending on engine size of the tested machine. The exhaust gas temperature 

measured and presented in the report is measured in the EFM (tailpipe). 
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The AVL M.O.V.E SYSTEM GAS PEMS 493 has been verified by TÜV and meets the requirements of 

the regulation (EU) NO. 582/2011 Annex II and (EU) No. 64/2012, certification no: 2013-06-03-

AM-Z.01.  

 

The AVL M.O.V.E PEMS system is also approved according the standards of the U.S. Environmental 

Protection Agency (EPA), 40 CFR Part 1065. 

 

PEMS power supply: 2 * Portable Genset via 24 V battery pack, 1.6 kW each. 

 

 

 

Figure 7 Gas- and PM-PEMS equipment 
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Table 2 Analyzer accuracy 

 

 

Table 3 Analyzer drift 
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Analyser calibration 

Zeroing (pre-test, auto, and post-test) has been performed with nitrogen gas. Zero-span of the gas 

analysers have been performed prior to and after the tests.  The results are presented as drift 

corrected. For the calculations, no drifts exceed the 2% limit.  

 

For detailed calibration information, please see enclosed documents: 

 

Appendix 2: Analyzer calibration 

Appendix 3: EFM calibration 

Appendix 4: Gas bottles 

 

Test information 

Test fuel  

All tests were performed with commercially available MK1 diesel. Extract from the standard for 

Swedish Mk1 fuel specification are presented in Table 4. 

 

Table 4 Swedish Mk1 diesel fuel ς extract from standard 

Fuel Property Unit 
According to  
SS 155435:2011 

      

Cetane number - min 51,0 

Density @ 15°C kg/m3 800,0 - 830,0 

Sulphur mg/kg max 10,0 

Aromatics Vol% max 5,0 

Fatty Acid Methyl Ester (FAME) Vol% max 7,0 
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Test evaluation  

Calculation software and version used: AVL Concerto PEMS, version 4.5, work environment release 

Rel4_B125. The data evaluation software has been verified by TÜV and meets the requirements of 

the regulation (EU) NO. 582/2011 Annex II and (EU) No. 64/2012, certification no: 2013-06-03-

AM-Z.02.  

 

Calculation input: 

Reference work and CO2 mass (for EU NRMM evaluation: engine work/CO2 mass for the NRTC, 

warm cycle): The data for the L220H machine was kindly provided by the manufacturer. The input 

data are presented in Table 5. 

 

Table 5 Reference data for work and CO2 mass 

Machine Reference work (kWh) CO2 mass (kg) 

Stage IV/L220H 34.9 26.23 
 

Torque signal [Nm]: Engine torque= (load (at current speed) % * indicated torque (at current 

speed) - friction torque (at current speed) 

 

The L220H is type approved in accordance to emission standard “Stage IV” and is equipped with an 

SCR and a DPF. The limits for the regulated components are presented in Table 6.  

 

Table 6 Emission limit used for calculation of conformity factors, applicable to vŜƘƛŎƭŜǎ ǿƛǘƘ ƴŜǘ ǇƻǿŜǊΥ мол ƪ² Җ t Җ рсл ƪ² 

Category  CO [g/kWh] HC [g/kWh] NOx [g/kWh] PM [g/kWh] 

Stage IV 3.5 0.19 0.4 0.025 

 

 
According to the proposal for In-Service Conformity Procedure for Nonroad Mobile Machinery, there 

will initially be no maximum allowed conformity factor limits, only an obligation to measure and 

report the conformity factors to the type approval authority. 

 

All emission test results are presented as drift corrected. 

Test site  

The machine was tested at the VCE test grounds in Eskilstuna. The PEMS instrument was installed 

on the machine and the measurements were performed using different test cycles, all representing 

typical operating situations of typical NRMMs. The test cycles were created in order to represent 

various possible work applications for many different wheel loaders. Special effort was given to 

present difficult situations for the exhaust aftertreatment system. Test cycles were created to 

include constant as well as transient driving with various load conditions, idle-periods of various 

lengths, “soft” driving with engine braking and soft take-off after idle as well as more “aggressive” 

driving. The drivers used were VCE employees, which all were skilled NRMM drivers. 
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According to the proposal for In-Service Conformity Procedure for Nonroad Mobile Machinery, the 

minimum work performed during a valid ISC PEMS test, is the Engine Reference work (work 

performed during a NRTC-cycle) multiplied by five.  

 

Photos from the test site are included in Appendix 5: Photos from test site. 

 

Detailed information of the tests are presented in Table 7. 
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Table 7 Test data 

  Test Id  
Date of 

test 

Test 
duration 

[s] 

Trip 
Work 
(kWh) 

Trip work 
corresponding 

to no. of NRTC's 
performed 

Average 
Power 
(kW) 

Average 
Torque 
(Nm) 

Average, 
Engine 
Speed 
(rpm) 

Average 
ambient 

temperature 
[°C](*) 

Average 
Rel Hum 

[%](*) 

Average 
speed 
(km/h) 

Oval, empty 
bucket 

1 2015-09-07 3657 118 3,4 117 801 1345 20 34 24,3 

Oval, empty 
bucket 

7b 2015-09-10 8633 240 6,9 101 648 1313 25 38 21,1 

Oval, full bucket 2 2015-09-07 3477 130 3,7 135 840 1416 23 30 23,3 

Oval, full bucket 7a 2015-09-10 5343 206 5,9 140 891 1461 19 51 26,6 

Hill cycle 3 2015-09-08 11671 348 10,0 108 673 1267 18 41 8,8 

Short transport 4 2015-09-08 5552 168 4,8 109 750 1197 19 38 5,3 

Medium transport 6a 2015-09-09 4631 167 4,8 130 839 1292 23 36 11,8 

Long transport 6b 2015-09-09 3171 117 3,4 134 854 1314 25 34 15,9 

Regeneration 6 Regen 2015-09-09 3247 116 3,3 130 805 1367 24 35 16,9 
(*) Temp and humidity sensor placed on the side of the machines. 
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Test cycles 

Oval test track  

 

Figure 8 Overview of test route 

 

 

Test 1 and 7b: The machine was operated with empty bucket. The character of the test cycle can 

be described as “soft”. Accelerations were performed with as low and constant engine torque as 

possible followed by coast down/engine braking to a lower speed or stop.  

 

Test 1 (oval, empty bucket) 

¶ 30 minutes driving with varying speed and engine brake until almost standstill.  

¶ 3 minutes idle and change of driver.  

¶ 30 minutes driving with varying speed and engine brake until almost standstill 

 

 

Figure 9 Velocity profile of test 1 
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Test 7b (oval, empty bucket) 

 

¶ Start with 5 minutes idle.  

¶ 20 minutes driving with varying speed and engine brake until almost standstill.  

¶ 3 minutes idle and change of driver.  

¶ 20 minutes driving with varying speed and engine brake until almost standstill.  

¶ 3 minutes idle and change of driver.  

¶ 20 minutes driving with varying speed and engine brake until almost standstill.  

¶ 3 minutes idle.  

¶ 30 minutes driving with varying speed and engine brake until almost standstill.  

¶ 30 minutes idle.  

¶ 4 minutes light low speed (1100rpm) driving 

¶ Slow acceleration and 15 minutes driving with varying speed and engine brake until almost 

standstill. 

 

 

Figure 10 Velocity profile of test 7b 
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Test 2 and 7a: The machine was operated with full bucket. The engine load was varied by 

aggressive driving followed by coast down/engine braking to a lower speed where the temperature 

in the after treatment system was allowed to drop. Short periods of idle through the whole test. 

 

Test 2 (oval, full bucket)  

¶ 60 minutes driving with varying speed and engine brake until almost standstill.  

¶ 2 minutes idle at different intervals.  

 

 

Figure 11 Velocity profile of test 2 

 

Test 7a (oval, full bucket) 

¶ 20 minutes driving with varying speed and engine brake until almost standstill.  

¶ 2 minutes idle 

¶ 20 minutes driving with varying speed and engine brake until almost standstill.  

¶ 2 minutes idle 

¶ 20 minutes driving with varying speed and engine brake until almost standstill.  

¶ 2 minutes idle 

¶ 30 minutes driving with varying speed and engine brake until almost standstill.  

 

Figure 12 Velocity profile of test 7a 
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Hill cycle  

Test description: 

¶ ”A” Ą ”B”: Steep uphill 

¶ ”B” Ą ”C”: Less steep downhill 

¶ Turnaround 

¶ ”C” Ą ”B”: Less steep uphill 

¶ ”B”Ą ”C”: Steep downhill 

¶ Turnaround, (idle) 

¶ Etc. 

 

Figure 13 Test 3 

Test 3 (hill cycle) 

The machine was operated transiently with heavy load, full power and torque, going up and down a 

hill. When the temperature in the aftertreatment system was stable, the machine stopped at “A” 

for various periods of idle followed by slow take off towards “B”. 

¶ 20min up/down, 5min idle. 

¶ 15min up/down, 6min idle.  

¶ 15min up/down, 7min idle.  

¶ 15min up/down, 8min idle.  

¶ 15min up/down, 11min idle.  

¶ 15min up/down, 12min idle.  

¶ 15min up/down, 30min idle.  

¶ 15min up/down. 

 

 

Figure 14 Velocity profile of test 3 

 C 

 B 

 A 
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Carry - load -cycle  

The machine was used to move gravel from one pile to another. The character of the test cycle can 

be described as more aggressive with many “hard” accelerations. 3 different transport distances 

were tested. A bucket full with gravel adds approximately 11-12 tons to the machine.  

¶ Bucket is loaded 

¶ Full bucket is transported  

¶ Bucket is emptied 

¶ Empty bucket is transported 

¶ Bucket is loaded 

¶ Etc. 

 

 

Figure 15 Principle of the carry-load cycle 
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Test 4 (Carry-load-cycle) 

 

Short (approx. 20m) transport distance. 

 

¶ 15 min driving 

¶ 4 min idle 

¶ 20 min driving 

¶ 8 min idle 

¶ 20 min driving 

¶ 12 min idle 

¶ 20 min driving 

 

 

 

Figure 16 Velocity profile of test 4 
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Test 6a (Carry-load-cycle) 

Medium (approx. 115m) transport distance 

¶ 20 min driving 

¶ 8 min idle 

¶ 20 min driving 

¶ 12 min idle 

¶ 20 min driving 

 

Figure 17 Velocity profile of test 6a 
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Test 6b (Carry-load-cycle) 

Long (approx. 215m) transport distance. 

¶ 20 min driving 

¶ 4 min idle 

¶ 20 min driving 

¶ 8 min idle (After this idle, regeneration starts) 

¶ 20 min driving 

¶ 12 min idle 

¶ 20 min driving (Regeneration is terminated) 

 

The part of the test 6b where DPF regeneration occurs is excluded from the calculations and are 

instead calculated separately. 

 

Figure 18 Velocity profile of test 6b (regeneration not included) 
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Test results 

 

The test results from the measured emission components are presented in Table 8. In this section 

the whole test has been evaluated, and no exclusions have been applied. 

 

Since the emissions of CO and THC are negligable, the focus in this report is emissions of NOx. 

 

The differences in the test results (NOx) do not so much depend on the differences of the test 

cycles. As long as the machine is actively operating and the exhaust after treatment system 

warmed up, the emissions are at a relatively constant and low level. What is reflected in the results 

are in most cases various periods of idle. This is explained and discussed under “Analysis of the 

different test cycles”. 

 
Table 8 έAƭƭ ŜǾŜƴǘǎέ brake specific emissions from machine L220H 

    

Oval, 
empty 
bucket 

(1) 

Oval, 
empty 
bucket 

(7b) 

Oval, 
full 

bucket 
(2) 

Oval, 
full 

bucket 
(7a) 

Hill 
cycle 
(3) 

Short 
transport 

(4) 

Medium 
transport 

(6a) 

Long 
transport 

(6b) 

BS CO2 DC g/kWh 633 631 635 622 624 600 611 609 

BS CO DC g/kWh n.d n.d n.d n.d n.d n.d n.d n.d 

BS THC DC g/kWh 0,00 0,01 0,00 0,00 0,01 0,00 0,00 0,00 

BS NO DC g/kWh 0,27 0,32 0,03 0,03 0,33 0,26 0,24 0,05 

BS NO2 DC g/kWh 0,25 0,05 0,03 0,04 0,05 0,26 0,17 0,02 

BS NOx DC g/kWh 0,53 0,37 0,05 0,06 0,38 0,52 0,40 0,07 

BS FC g/kWh 211 207 202 208 203 198 196 202 

 

The emissions of NOx for the different test cycles are presented in Figure 19.  

 

 

Figure 19 Emissions of NOx from the whole test. 
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In the following section the test results are calculated according to the EU evaluation method in 

accordance to the proposal for In-Service Conformity for NRMM, where the data are analyzed 

through moving average windows based on work or CO2-mass.  

 

According to the proposal for In-Service testing for NRMM, there are data exclusions which should 

be applied to the test data. Some of these exclusions excludes data where certain criterias 

regarding ambient pressure, ambient temperature and engine coolant temperature are not met 

(further explained in Appendix 6, Exclusions used for EU NRMM evaluation). These exclusions are 

applied to all calculations of conformity factors in this report. Other exclusions marks windows 

where the average power is below 20% as invalid and deletes windows with the 10% highest ȹ 

values for the respective emission component. 

 

Yet another exclusion have primarily been introduced to handle long periods of idling:  

 

In brief; periods of idle longer than 2 minutes are classified as a “non-working-event” and emission 

data during the non-working-event is excluded from the calculation of the conformity factor. The 

first 2 minutes of a non-working event is however not excluded. A non-working event can be either 

long (>10 minutes) or short (< 10 minutes). For long non-working events some of the take-off-

emissions after the event are excluded from the CF-calculation. An interruption of a non-working 

event that is shorter than 2 minutes is merged with the surrounding non-working event. The 

method for handling non-working events is more thoroughly described in Appendix 7: NRMM non-

working events.  

 

In Table 9 the Conformity Factors from work-based windows, calculated according to the proposed 

In-Service testing Procedure, are presented together to enable comparison of the cycles. The 

Conformity Factors for the machine are calculated based on the legislated emission limits. The 

emission standard is based on the transient test cycle NRTC. 

 

 

Table 9 Summary of Conformity Factors for the machine in the different test cycles 

    

Oval, 
empty 
bucket 

(1) 

Oval, 
empty 
bucket 

(7b) 

Oval, 
full 

bucket 
(2) 

Oval, 
full 

bucket 
(7a) 

Hill 
cycle 
(3) 

Short 
transport 

(4) 

Medium 
transport 

(6a) 

Long 
transport 

(6b) 

Conformity Factor  CO n.d 0,03 n.d 0,01 0,02 n.d n.d n.d 

Conformity Factor  THC 0,03 0,11 0,03 0,09 0,08 0,02 0,08 0,08 

Conformity Factor NOx 1,11 1,52 0,15 0,22 0,35 1,04 1,29 0,26 

 

 

  



                   Test report: Wheel loader L220H, different test cycles Page 26 of 90 

  

In order to analyze the effect of non-working-events in different test cycles the results in Table 11 

have been evaluated both with and without the appliance of non-working events – where; 

 

Table 10 Evaluation Method 1 and 2 

Evaluation 
method (EM) 

Ambient temp/pressure, engine 
coolant temp (Appendix 6) 

90 
percentile 

20% power 
threshold 

Non working 
events (yes/no) 

1 x x x yes 

2 x x x no 
 

Evaluation method 1 is according to the proposed regulation. 

 
Table 11 Vehicle Conformity Factor ς work-based windows 

Work 
Window 
test 
results 

Oval, 
empty 

bucket (1) 

Oval, 
empty 
bucket 

(7b) 

Oval, full 
bucket (2) 

Oval, full 
bucket 

(7a) 

Hill cycle 
(3) 

Short 
transport 

(4) 

Medium 
transport 

(6a) 

Long 
transport 

(6b) 

EM 
  

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Conformity 
Factor CO 

n.d n.d 0,03 0,04 n.d n.d 0,01 0,01 0,02 0,02 n.d n.d n.d n.d n.d n.d 

Conformity 
Factor THC 

0,03 0,03 0,11 0,08 0,03 0,03 0,09 0,09 0,08 0,09 0,02 0,03 0,08 0,09 0,08 0,08 

Conformity 
Factor NOx 

1,11 1,09 1,52 1,24 0,15 0,15 0,22 0,22 0,35 1,11 1,04 3,00 1,29 1,95 0,26 0,25 
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Analysis  of the different test cycles  

In this section the test data from each test is evaluated thoroughly with regards to the NOx 

emissions. Primarily the effects of idle periods of various lengths are investigated, both on the all 

event results and on which NOx-data is removed by the non-working events exclusion, which in 

turn will influence the CF. Some attention has also been given to how idle periods of different 

lengths influences the exhaust gas temperature which effects the efficiency of the EATS. 

 

Test 1, oval test, empty bucket 

 

Table 12 Conformity Factors 

    1, Oval, empty bucket 

Evaluation method     1 2 

WBW CF NOx - 1,11 1,09 

CO2 mass CF NOx - 1,32 1,30 

 

Even though the test is not a “cold start test”, the initial exhaust gas temperature is low compared 

to the other tests on the oval which causes high initial NOx emissions. 

 

In Figure 20 and Figure 21, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively.  

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

The non-working-events exclusion only slightly influences the conformity factor. 

 

 

 

Figure 20 Test 1, oval, empty bucket, evaluation method 1 

3 min idle 
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Figure 21 Test 1, oval, empty bucket, evaluation method 2 

 

Most NOx emissions are emitted during the first 800 seconds. The NOx emissions are slightly 

higher throughout the whole test compared to the other tests on the oval. The 3 minutes idle 

period is too short to cause any NOx increase, however is it classified as a non-working event and a 

very short part is removed which is reflected in the CF. 

 

Figure 22 illustrates the NOx distribution throughout the test.  

 

 
Figure 22  NOx during different parts of test 1 

 

  

0

0,5

1

1,5

2

2,5

Whole test 0-800 sec 800 sec to end 800 sec to idle idle to end

g/
kW

h

Emissions of NOx, all events, for the different parts of test 1



                   Test report: Wheel loader L220H, different test cycles Page 29 of 90 

  

Test 7b, oval test, empty bucket 

 

Table 13 Conformity Factors 

    7b, Oval, empty bucket 

Evaluation method     1 2 

WBW CF NOx - 1,52 1,24 

CO2 mass CF NOx - 1,57 0,57 

 

Most of the NOx emissions reflected in the test result are produced during and after the 30 minutes 

long idle period.  

 

The non-working events exclusion identifies the 30 minutes idle period as a long non-working event 

and excludes 4 minutes take-off-emissions in evaluation method 1. When the idle period starts, it 

takes about 9 minutes before the exhaust gas temperature has dropped enough for the SCR to 

start to loose activity (exhaust gas temperature tailpipe ~230°C) and the NOx starts to increase. 

The NOx-level continues to increase for about 8 minutes before it stabilizes (exhaust gas 

temperature tailpipe ~170°C). After the 30 minutes idle period, it takes approximately 15 minutes 

for the exhaust gas temperature to reach 250°C. The exhaust gas temperature stops to decrease 

as soon as the machine leaves idle, but remains on the same low temperature during the whole 

“soft” start. Significant for this test is what data the different evaluation methods uses for the 

calculation of conformity factors. In EM1, with 100% valid windows (Table 28), is the idle period 

with low average load excluded due to the non-working event exclusion. In EM2, with 82% valid 

windows, some of the data, but not exactly the same, is excluded due to the 20% power threshold. 

The fact that the CF for EM2 is lower than for EM1 indicates that the average NOx-window value 

included in the EM2 calculation is lower than in the EM1 calculation. 

 

In Figure 23 and Figure 24, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 
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Figure 23 Test 7b, oval, empty bucket, evaluation method 1 

 

 

Figure 24 Test 7b, oval, empty bucket, evaluation method 2 
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If the 30 minutes idle period is removed from the test, the emissions of NOx are the same as for 

the full-bucket tests, but slightly lower than test no 1 (Figure 25). 

 

 

Figure 25 NOx during different parts of test 7b 

 

 

Figure 26 shows the difference between the NOx-levels in test 1 and 7b when the effect of the cold 

start (test 1) and the idle period (test 7b) are eliminated. The reason for the difference is unclear 

but may have to do with previous operation of the machine. 

 

 
Figure 26 Comparison of NOx levels during test 1 and 7b 
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The difference between the work-based and the CO2-based methods are discussed in [2] where it 

was found that these approaches are nearly equivalent from a technical perspective. In all tests 

except for 7b the differences are relatively small.  

 

One explanation for discrepancies might be that the work/CO2 mass ratio varies as a function of 

the engine operating conditions. However, occational discrepances between Conformity Factors 

calculated with the Work based window method and the CO2-mass based method would need to be 

further investigated. 
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Test 2, oval test, full bucket 

 

Table 14 Conformity Factors 

    2, Oval, full bucket 

Evaluation method     1 2 

WBW CF NOx - 0,15 0,15 

CO2 mass CF NOx - 0,17 0,17 

 

Test 2 does not include any non-working events and there is no effect of the non-working event 

exclusion. The NOx-levels are low.  

 

In Figure 27, the bright red and dotted green line shows the “window-Conformity Factor-value”, for 

data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

 

Figure 27 Test 2, oval, full bucket, evaluation method 1 and 2 (the same) 
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Test 7a, oval test, full bucket 

 

Table 15 Conformity Factors 

    7a, Oval, full bucket 

Evaluation method     1 2 

WBW CF NOx - 0,22 0,22 

CO2 mass CF NOx - 0,25 0,25 

 

Test 7a does not include any non-working events and there is no effect of the non-working event 

exclusion. The NOx-levels are low.  

 

In Figure 28, the bright red and dotted green line shows the “window-Conformity Factor-value”, for 

data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

 

Figure 28 Test 7a, oval, full bucket, evaluation method 1 and 2 (the same) 

 

 

 

 

 

 

 

 

 

~2 min idle 



                   Test report: Wheel loader L220H, different test cycles Page 35 of 90 

  

 

 

 

Comparison of all oval tests 

 

Figure 29 shows a comparison of the exhaust gas temperatures during the different tests on the 

oval test track. A slightly higher exhaust gas temperature is observed when the bucket is full, but 

whether it has an impact on the NOx emission levels (Figure 30) is not fully clear. 

 

 

Figure 29 Exhaust gas temperatures of the different tests in the oval test cycle 

 

   
Figure 30 Comparison of the NOx-emissions when NOx-peaks are eliminated 
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Test 3, hill cycle 

 

Table 16 Conformity Factors 

    3, Hill cycle 

Evaluation method     1 2 

WBW CF NOx - 0,35 1,11 

CO2 mass CF NOx - 0,37 1,13 

 

Test 3 includes 7 idle periods of various lengths. 5 non-working events are classified as “short” and 

2 as “long”. Between the idle periods the engine is operated with high load up and down a hill. The 

maximum exhaust gas temperature reached is approximately 290°C (at tailpipe). After each idle-

period except for the longest, the exhaust gas temperature continues to drop for 2-2,5 minutes 

before it increases and reaches 250°C after additionally 2-2,5 min. The cause of this is that the 

temperature in the entire exhaust gas system has dropped and initially cools the exhaust before it 

all reaches temperature equilibrium. After the 30 minutes idle-period, the exhaust gas temperature 

starts to increase directly when the machine leaves idle.  

 

The test result for EM2 is to a small extent also influenced by the 20% power threshold which 

eliminates some data (98% valid windows) compared to the 100% of EM1. 

 

In Figure 31 and Figure 32, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 
 

 

Figure 31 Test 3, hill cycle, evaluation method 1 

 

5, 6, 7, 8, 11, 12, 30 min idle  
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Figure 32 Test 3, hill cycle, evaluation method 2 

 

 

 

Figure 33 Emissions of NOx, Start of idle x to start of idle y 
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Figure 34 shows that the NOx-emissions depends on the length of the idle period. The longer idle 

period the more emissions of NOx . 

 

 

 
Figure 34 NOx-peaks during the different idle periods 
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Test 4, short transport, carry load cycle 

 

Table 17 Conformity Factors 

    4, Short transport 

Evaluation method     1 2 

WBW CF NOx - 1,04 3,00 

CO2 mass CF NOx - 1,19 3,14 

 

Maximum exhaust gas temperature measured in the EFM during this test is approximately 320°C. 

After the 12 minutes idle period, it takes about 5 minutes for the exhaust gas temperature to reach 

250°C.  After the 8 minutes idle period, it takes about 4,5 minutes for the exhaust gas temperature 

to reach 250°C. During the 4 minutes idle period, the exhaust gas temperature only drops a few 

degrees below 250. After each idle period, the exhaust gas temperature continues to drop for 

approximately 2,5 minutes when the machine leaves idle. 

 

In Figure 35 and Figure 36, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

 

Figure 35 Test 4, short transport, evaluation method 1 

4, 8, 12 min idle  
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Figure 36 Test 4, short transport, evaluation method 2 

    

 

Figure 37 and Figure 38 shows the difference in NOx emissions during and after each idle period. 

Figure 37 shows the “All events” NOx and Figure 38 shows the Conformity factors for evaluation 

method 1 and 2. As expected, the clearest difference of the Conformity Factors between the 

evaluation methods can be seen during the longest non-working event. It is not clear why the level 

of NOx after the long non-working event remains on a high level once the take-off-emission phase 

has ended. 
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Figure 37 Distribution of NOx (all events), start of idle to start of next idle 

 

 

Figure 38 Distribution of NOx (conformity factors, EM1 and EM2), start of idle to start of next idle 
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Test 6a, medium transport, carry load cycle 

 

Table 18 Conformity Factors 

    6a, Medium transport 

Evaluation method     1 2 

WBW CF NOx - 1,29 1,95 

CO2 mass CF NOx - 1,37 2,04 

 

Maximum exhaust gas temperature measured in the EFM during this test is approximately 305°C. 

After the 12 minutes idle period, it takes about 4,5 minutes for the exhaust gas temperature to 

reach 250°C.  After the 8 minutes idle period, it takes about 4,5 minutes for the exhaust gas 

temperature to reach 250°C. After each idle period, the exhaust gas temperature continues to drop 

for approximately 2-2,5 minutes when the machine leaves idle. 

 

In Figure 39 and Figure 40, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

 

Figure 39 Test 6a, medium transport, evaluation method 1 

 

12 min idle 8 min idle 
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Figure 40 Test 6a, medium transport, evaluation method 2 

 

 

Figure 41 and Figure 42 shows the difference in NOx emissions during and after each idle period. 

Figure 41 shows the “All events” NOx and Figure 42 shows the Conformity factors for evaluation 

method 1 and 2.  

 

 
Figure 41 Distribution of NOx (all events), start of idle to start of next idle 
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emissions returns to a low level once the take-off phase is over. The removal of the take-off 

emissions after the 12 minutes non-working event results in a lower Conformity Factor compared 

to after the 8 minutes non-working event when the take-off emissions are not removed. 

 

 
Figure 42 Distribution of NOx (Conformity Factors, EM1 and EM2), start of idle to start of next idle 
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Test 6b, long transport, carry load cycle 

 

Table 19 Conformity Factors 

    6b, Long transport 

Evaluation method     1 2 

WBW CF NOx - 0,26 0,25 

CO2 mass CF NOx - 0,31 0,30 

 

Test 6b includes one 4 minutes idle period which is identified as a short non-working event. The 

NOx increase after the event is minor, and has very little influence on the conformity factor. 

 

In Figure 43 and Figure 44, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

 

 

 

Figure 43 Test 6b, long transport, evaluation method 1 

 

4 min idle 
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Figure 44 Test 6b, long transport, evaluation method 2 

 

Figure 45 shows a comparison of the exhaust gas temperatures during the different tests in the 

carry-load-cycles.  

 

 
Figure 45 Comparison of exhaust gas temperatures during the carry-load-cycles 
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Test 6 regeneration (during long transport, carry load cycle) 

 

Table 20 Conformity Factors 

    6b, Long transport, regeneration 

Evaluation method     1 2 

WBW CF NOx - 7,16 7,11 

CO2 mass CF NOx - 6,88 6,86 

 

The Diesel Particulate Filter (DPF) uses both passive and active regeneration strategy. The passive 

regeneration occurs regularly when the temperature in the DPF is sufficient. The active 

regeneration, which is not only used for PM removal but also for sulfur removal, normally occurs 

every 100 hours, but the interval can increase up to 500 hours when the machine is heavily used 

and frequent passive regeneration is achieved.  

 

Regeneration does not influence emissions of THC and CO significantly, but the NOx emissions 

increase considerable with a conformity factor around 7 regardless of which evaluation method was 

used. 

 

In Figure 46 and Figure 47, the bright red and dotted green line shows the “window-Conformity 

Factor-value”, for data included in EM 1 and 2 respectively. 

 

¶ Work Based Windows (     ) 

¶ CO2 based windows (     ) 

 

Figure 46 Test 6, long transport, regeneration of PM filter, evaluation method 1 
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Figure 47 Test 6, long transport, regeneration of PM filter, evaluation method 2 

 

 

Figure 48 shows the difference in the all event result for NOx which increases by a factor 20 during 

regeneration compared to the rest of the long transport carry load cycle. 

 

 

Figure 48 Increase of NOx during DPF regeneration 
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Further e valuation of NRMM exclusions  

 

According to the officially proposed method, not all measurement data is included in the calculation 

of the conformity factors. Some of the data which is excluded is data where certain criterias 

regarding ambient pressure, ambient temperature and engine coolant temperature are not met 

(Further explained in Appendix 6, Exclusions used for EU NRMM evaluation). These exclusions are 

applied to all calculations of conformity factors in this report. 

 

Further, the conformity factor should be calculated by using the 90% cumulative percentile of the 

respective emission component. In the calculation there is also a 20% power threshold applied, 

where the average power has to exceed 20% for the work window to be considered as valid. 

 

The following section presents a matrix of evaluation methods as an attempt to gain information of 

how some of the various data exclusions separately effects the result. 

 

In Table 21 the different evaluation combinations are presented, where Evaluation method 1 

represents the official NRMM-method [1]. In Table 22 to Table 42 the results for the different test 

cycles are presented. In Figure 51 to Figure 58 the effects on NOx emissions from respective test 

cycle, due to different methods for evaluation, can be compared. 

 

The effect of the removal of non-working events can be studied by comparing Evaluation method 1 

and 2 (this was also studied in the previous section). Method 2 and 3 compares the effect of 

removing the windows with the highest D values. The 20% power threshold is not applied in 

method 4; whereas in method 5 there are no removal of high D values nor removal in regards to 

the power threshold.  

 

The effect of removal of non-working events is depending on the driving cycle. The wheel loader 

tested in this project, was tested with different load patterns and various periods of idling. The 

procedure to remove non-working events is further explained in Appendix 7: NRMM non-working 

events. 

 

Table 21 Evaluation combinations 

Evaluation 
method 

Ambient 
temp/pressure, 

engine coolant temp 
(Appendix 6) 

100 
percentile 

90 
percentile 

20% power 
threshold 

0% power 
threshold 

Non 
working 
events 

(yes/no) 

1 x   x x   yes 

2 x   x x   no 

3 x x   x   no 

4 x   x   x no 

5 x x     x no 
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Figure 49 and Figure 50 shows the discrepancies regarding brake specific emissions and conformity 

factors between the different cycles. 

 

 

Figure 49 BS NOx emissions, all tests, all evaluation methods 

 
 
 

 

Figure 50 WBW CF NOx, all tests, all evaluation methods 
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Test 1 and 7b, oval, empty bucket 

 

Table 22 Effect of evaluation combinations for Oval tests, empty bucket 

  
Test 1, Oval, empty 

bucket 
Test 7b, Oval, empty 

bucket 
Evaluation 

combination: 
1 2 3 4 5 1 2 3 4 5 

CO [g/kWh] n.d n.d n.d n.d n.d 0,11 0,13 0,14 0,16 0,17 

THC [g/kWh] 0,01 0,01 0,02 0,01 0,02 0,02 0,02 0,08 0,09 0,10 

NOx [g/kWh] 0,44 0,44 1,37 0,44 1,37 0,61 0,49 2,02 2,15 2,46 

 
 
Even though the driving pattern and load of test 1 and 7b are similar, the effect of the different 

evaluation methods varies considerably.  

 

Test 1 contains only short periods of idle and the removal of non-working events has no effect on 

the results. Due to the high initial NOx emissions, the most significant effect can be seen when 

removing the windows with the highest Δ values (compare method 2 and 3 as well as 4 and 5). 

Since the test contains only short idle periods (low power), no difference can be observed when 

changing the power threshold.  

 

Even though test 7b includes a 30 minutes long idle period, the effect of the removal of non-

working events is small in comparison to the other evaluation methods. Significant for this test is 

what data the different evaluation methods uses for the calculation of conformity factors. In EM1 

with 100% valid windows (Table 28), the idle period with low average load is excluded due to the 

non-working event exclusion. In EM2 some of the data, but not exactly the same, is excluded due 

to the 20% power threshold. The fact that the CF for EM2 is lower than for EM1 indicates that the 

average NOx-window value included in the EM2 calculation is lower than in the EM1 calculation.  
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Figure 51 Comparison of NOx emissions in the oval cycle with empty bucket ς different evaluation methods 

 

 
Figure 52 Conformity Factors for NOx in the oval cycle with empty bucket ς different evaluation methods 
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Test 2 and 7a, oval, full bucket 

 

Table 23 Effect of evaluation combinations for Oval tests, full bucket 

  Test 2, Oval, full bucket Test 7a, Oval, full bucket 

Evaluation combination: 1 2 3 4 5 1 2 3 4 5 

CO [g/kWh] n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

THC [g/kWh] 0,00 0,00 0,01 0,00 0,01 0,02 0,02 0,02 0,02 0,02 

NOx [g/kWh] 0,06 0,06 0,07 0,06 0,07 0,09 0,09 0,13 0,09 0,13 

 
 

Test 2 and 7a only contains short periods of idle and the removal of non-working events has no 

effect on the results. Some effect can be seen when removing the windows with the highest ȹ 

values, especially in test 7a (compare method 2 and 3 as well as 4 and 5). Since the test contains 

only short idle periods (low power), no difference can be observed when changing the power 

threshold. 

 

 
Figure 53 Comparison of NOx emissions in the oval cycle with full bucket ς different evaluation methods 
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Figure 54 Conformity Factors for NOx in the oval cycle with full bucket ς different evaluation methods 

  

0,15

0,22

0,15

0,22

0,18

0,33

0,15

0,22

0,18

0,33

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

Test 2, oval, full bucket Test 7a, oval, full bucket

-
Conformity Factor NOx, oval, full bucket

1, 90 percentile, 20% Power threshold, NWE

2, 90 percentile, 20% Power threshold

3, 100 percentile, 20% Power threshold

4, 90 percentile, 0% Power threshold

5, 100 percentile, 0% Power threshold



                   Test report: Wheel loader L220H, different test cycles Page 55 of 90 

  

Test 3, hill cycle 

 

Table 24 Effect of evaluation combinations for Oval tests, hill cycle 

  Test 3, Hill cycle 

Evaluation combination: 1 2 3 4 5 
CO [g/kWh] 0,06 0,08 0,14 0,08 0,14 

THC [g/kWh] 0,02 0,02 0,02 0,02 0,02 

NOx [g/kWh] 0,14 0,44 1,52 0,56 1,52 

 
Test 3 includes 7 idle periods and the removal of non-working events has relatively large effect on 

the result. The largest effect however is the removal of the highest ȹ values. The power threshold 

has little effect. 

 
Figure 55 Comparison of NOx emissions in the hill cycle ς different evaluation methods 
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Figure 56 Conformity Factors for NOx in the hill cycle ς different evaluation methods 
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Test 4, 6a and 6b, carry-load cycle, different transport distances 

 
Table 25 Effect of evaluation combinations for carry-load cycle 

  
Test 4, Short 

transport 
Test 6a, Medium 

Transport 
Test 6b, Long 

Transport 
Evaluation 

combination: 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

CO [g/kWh] n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

THC [g/kWh] 0,00 0,01 0,01 0,01 0,01 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 

NOx [g/kWh] 0,51 1,27 1,27 1,27 1,27 0,40 0,78 0,80 0,78 0,80 0,10 0,10 0,13 0,10 0,13 

 
 

Test no 4, short transport, includes 3 non-working events of various lengths and the removal of 

them results in large difference in the result. The removal of the highest ȹ values and the change 

of power threshold has little effect.  

 

Test no 6a, medium transport, includes 3 non-working events and the result of the different 

evaluation methods is similar to test no 4 but with a somewhat lower difference.  

 

In test no 6b, long transport, the emissions throughout the test are low and the difference between 

the different evaluation methods small.  

 

 
Figure 57 Comparison of NOx emissions in the carry-load cycle with transport distances of various lengths ς different 

evaluation methods 
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Figure 58 Conformity Factors for NOx in the carry-load cycle with transport distances of various lengths ς different 

evaluation methods 
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Conclusions 

Almost all NRMM machines are diesel fuelled and the exhaust emissions from the non-road mobile 

machinery sector contributes to substantial amounts of components affecting both health and 

environment. The machines are often used many hours per day, and can be used both in urban 

and more rural areas. In recent years, the requirements for NRMM machines has become stricter 

but since the machines often have long lifetimes, and are not replaced by newer models earlier 

than needed, the emissions of NOx and PM from older machines may be high. 

 

In this study one wheel loader of emission standard Stage IV – has been tested in different types 

of test cycles. The purpose of the test cycle design was to create test cycles representative for 

NRMM normal operating situations which could possibly be challenging for the exhaust 

aftertreatment system. The outcome of the test cycle design were test cycles including constant as 

well as transient driving with various load conditions, idle-periods of various lengths, “soft” driving 

with engine braking and soft take-off after idle as well as more “aggressive” driving.  

 

The test results were presented both as whole tests and according to the proposal for In-Service 

Conformity for NRMM in EU. In the proposal there are several data exclusions. One of these 

exclusions have primarily been developed to handle long idling periods, i.e non-working events. 

Each test has been evaluated with and without the non-working event exclusion. Idle periods of 

various lengths have been evaluated separately with regards to how the exclusion effects the 

result. Each test has also been investigated with regards to how idle periods of various lengths 

influences the subsequent exhaust gas temperature and NOx-emissions. 

 

From the tests performed in this study, it can be concluded that the machine fulfils the 

requirements proposed for In-Service Conformity Procedure for Nonroad Mobile Machinery in EU 

[1]. However, when the data is evaluated without the exclusions, the NOx emissions can be much 

higher. 

 

The test cycle itself has very limited effect on the emission results. As long as the EATS is warm, 

the emissions are low. However, when the machine stops and idles, the temperature in the EATS 

drops, and, depending on the length of the idle period, it will influence the emissions and the 

conformity factor to various extent. 

 

Idle periods, classified as “short non-working events” with a length close to the 10 minutes limit as 

well as the very long events (close to 30 minutes) have the greatest impact on the CF value when 

using the non-working event exclusion, whereas the majority of the increased NOx-emissions from 

idle periods slightly longer than 10 minutes are eliminated. It seems however that the 10 minutes 

as duration limit for short verses long non-working events is a suitable choice in order to determine 

conformity towards the test cycle. 

 

This Stage IV machine and it’s EATS works as intended, but in order to minimize NOx emissions, 

long idle periods should be avoided. Ideally, each long work brake should start with approximately 

2 minutes idle (mainly in order to secure proper cool down and oil supply of the engine turbo and 
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avoid coolant water boiling which can be induced when the hot engine is shut off and coolant water 

flow is suddenly interrupted), followed by engine shut off, in order to preserve the temperature in 

the EATS as long as possible.  

 

When looking at the engine load map, areas of higher NOx emissions are not found in any 

particular part of the map, instead they can be found in the entire map and appears to depend 

solely on previous low load driving with decreased EATS temperature. 

 

The effects of other exclusions have also been investigated.  

 

Generally, the greatest effects could be observed with the removal of the 90% cumulative 

percentile, which also reflects the actual levels of exhausts emitted to the atmosphere. The 20% 

power threshold had, for this machine during these test cycles, effect on the results for tests with 

very long idle periods (30 minutes), in this case test 7b and 3.  

 

Occational discrepances between Conformity Factors calculated with the Work based window 

method and the CO2-mass based method would need to be further investigated. 
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Appendix 1, Test results 

 
Table 26 WBW results, test 1, oval, empty bycket 

Work Window test results   1, Oval, empty bucket 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 38 37 37 37 37 

max ave Power   % 46 46 46 46 46 

Points Total   - 3798 3798 3798 3798 3798 

Data Coverage No.   - 3606 3636 3636 3636 3636 

Data Coverage Perc   % 95 96 96 96 96 

Work Window Total   - 2567 2597 2597 2597 2597 

Valid Window No   - 2567 2597 2597 2597 2597 

Valid Window Perc   % 100 100 100 100 100 

                

Average CO g/kWh n.d n.d n.d n.d n.d 

Min CO g/kWh n.d n.d n.d n.d n.d 

Max CO g/kWh 0,00 0,00 0,00 0,00 0,00 

90% CO g/kWh n.d n.d n.d n.d n.d 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - - - - - - 

                

Average THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Min THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Max THC g/kWh 0,02 0,02 0,02 0,02 0,02 

90% THC g/kWh 0,01 0,01 0,02 0,01 0,02 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,03 0,03 0,09 0,03 0,09 

                

Average NOx g/kWh 0,22 0,22 0,22 0,22 0,22 

Min NOx g/kWh 0,09 0,10 0,10 0,10 0,10 

Max NOx g/kWh 1,50 1,50 1,50 1,50 1,50 

90% NOx g/kWh 0,44 0,44 1,37 0,44 1,37 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 1,11 1,09 3,43 1,09 3,43 
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Table 27 CO2 mass results, test 1, oval, empty bycket 

CO2 mass test results   1, Oval, empty bucket 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 1136 1136 1136 1136 1136 

CO2 Win Max Duration   s 1374 1399 1399 1399 1399 

Points total   - 2377 2407 2407 2407 2407 

Data Coverage No.   - 3606 3636 3636 3636 3636 

Data Coverage Perc   % 95 96 96 96 96 

CO2 Windows total   - 2377 2407 2407 2407 2407 

Valid Window No   - 2377 2407 2407 2407 2407 

Valid Window Perc   % 100 100 100 100 100 

                

ave (mass) CO g n.d n.d n.d n.d n.d 

min (mass) CO g n.d n.d n.d n.d n.d 

max (mass) CO g 0,00 0,00 0,00 0,00 0,00 

90%Perc (mass) CO g n.d n.d n.d n.d n.d 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - - - - - - 

                

ave (mass) THC g 0,18 0,18 0,18 0,18 0,18 

min (mass) THC g 0,14 0,14 0,14 0,14 0,14 

max (mass) THC g 0,73 0,73 0,73 0,73 0,73 

90%Perc (mass) THC g 0,25 0,25 0,63 0,25 0,63 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,04 0,04 0,10 0,04 0,10 

                

ave (mass) NOx g 8,47 8,46 8,46 8,46 8,46 

min (mass) NOx g 4,25 4,31 4,31 4,31 4,31 

max (mass) NOx g 51,78 51,78 51,78 51,78 51,78 

90%Perc (mass) NOx g 18,46 18,17 48,92 18,17 48,92 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 1,32 1,30 3,50 1,30 3,50 
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Table 28 WBW results, test 7b, oval, empty bycket 

Work Window test results   7b, Oval, empty bucket 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 37 20 20 16 16 

max ave Power   % 53 53 53 53 53 

Points Total   - 9098 9098 9098 9098 9098 

Data Coverage No.   - 6241 8582 8582 8582 8582 

Data Coverage Perc   % 69 94 94 94 94 

Work Window Total   - 5389 7458 7458 7458 7458 

Valid Window No   - 5389 6095 6095 7458 7458 

Valid Window Perc   % 100 82 82 100 100 

                

Average CO g/kWh 0,09 0,09 0,09 0,11 0,11 

Min CO g/kWh 0,06 0,06 0,06 0,06 0,06 

Max CO g/kWh 0,12 0,15 0,15 0,17 0,17 

90% CO g/kWh 0,11 0,13 0,14 0,16 0,17 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - 0,03 0,04 0,04 0,05 0,05 

                

Average THC g/kWh 0,01 0,01 0,01 0,02 0,02 

Min THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Max THC g/kWh 0,02 0,09 0,09 0,10 0,10 

90% THC g/kWh 0,02 0,02 0,08 0,09 0,10 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,11 0,08 0,45 0,47 0,50 

                

Average NOx g/kWh 0,14 0,16 0,16 0,50 0,50 

Min NOx g/kWh 0,03 0,03 0,03 0,03 0,03 

Max NOx g/kWh 0,70 2,41 2,41 2,47 2,47 

90% NOx g/kWh 0,61 0,49 2,02 2,15 2,46 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 1,52 1,24 5,06 5,37 6,16 
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Table 29 CO2 mass results, test 7b, oval, empty bycket 

CO2 mass test results   7b, Oval, empty bucket 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 979 979 979 979 979 

CO2 Win Max Duration   s 1374 2246 2246 3047 3047 

Points total   - 5230 7282 7282 7273 7273 

Data Coverage No.   - 6241 8582 8582 8573 8573 

Data Coverage Perc   % 69 94 94 94 94 

CO2 Windows total   - 5230 7282 7282 7273 7273 

Valid Window No   - 5230 5610 5610 7273 7273 

Valid Window Perc   % 100 77 77 100 100 

                
ave (mass) CO g 3,58 3,70 3,70 4,29 4,29 

min (mass) CO g 2,62 2,62 2,62 2,61 2,61 

max (mass) CO g 4,71 5,53 5,53 6,73 6,73 

90%Perc (mass) CO g 4,49 4,92 5,48 6,51 6,71 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - 0,04 0,04 0,04 0,05 0,05 

                

ave (mass) THC g 0,28 0,24 0,24 0,80 0,80 

min (mass) THC g 0,17 0,17 0,17 0,17 0,17 

max (mass) THC g 0,80 1,07 1,07 3,38 3,38 

90%Perc (mass) THC g 0,74 0,32 0,96 3,27 3,38 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,11 0,05 0,14 0,49 0,51 

                

ave (mass) NOx g 5,14 3,69 3,69 18,32 18,32 

min (mass) NOx g 1,39 1,39 1,39 1,39 1,39 

max (mass) NOx g 24,94 30,15 30,15 87,05 87,05 

90%Perc (mass) NOx g 21,97 7,96 27,65 79,62 86,94 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 1,57 0,57 1,98 5,70 6,23 
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Table 30 WBW results, test 2, oval, full bycket 

Work Window test results   2, Oval, full bucket 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 43 43 43 43 43 

max ave Power   % 56 56 56 56 56 

Points Total   - 3620 3620 3620 3620 3620 

Data Coverage No.   - 3443 3459 3459 3459 3459 

Data Coverage Perc   % 95 96 96 96 96 

Work Window Total   - 2602 2614 2614 2614 2614 

Valid Window No   - 2602 2614 2614 2614 2614 

Valid Window Perc   % 100 100 100 100 100 

                

Average CO g/kWh n.d n.d n.d n.d n.d 

Min CO g/kWh n.d n.d n.d n.d n.d 

Max CO g/kWh 0,00 0,00 0,00 0,00 0,00 

90% CO g/kWh n.d n.d n.d n.d n.d 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - - - - - - 

                

Average THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Min THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Max THC g/kWh 0,01 0,01 0,01 0,01 0,01 

90% THC g/kWh 0,00 0,00 0,01 0,00 0,01 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,03 0,03 0,03 0,03 0,03 

                

Average NOx g/kWh 0,05 0,05 0,05 0,05 0,05 

Min NOx g/kWh 0,03 0,03 0,03 0,03 0,03 

Max NOx g/kWh 0,08 0,08 0,08 0,08 0,08 

90% NOx g/kWh 0,06 0,06 0,07 0,06 0,07 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 0,15 0,15 0,18 0,15 0,18 
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Table 31 CO2 mass results, test 2, oval, full bycket 

CO2 mass test results   2, Oval, full bucket 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 972 973 973 973 973 

CO2 Win Max Duration   s 1210 1220 1220 1220 1220 

Points total   - 2375 2388 2388 2388 2388 

Data Coverage No.   - 3443 3459 3459 3459 3459 

Data Coverage Perc   % 95 96 96 96 96 

CO2 Windows total   - 2375 2388 2388 2388 2388 

Valid Window No   - 2375 2388 2388 2388 2388 

Valid Window Perc   % 100 100 100 100 100 

                
ave (mass) CO g n.d n.d n.d n.d n.d 

min (mass) CO g n.d n.d n.d n.d n.d 

max (mass) CO g 0,00 0,00 0,00 0,00 0,00 

90%Perc (mass) CO g n.d n.d n.d n.d n.d 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - - - - - - 

                

ave (mass) THC g 0,17 0,17 0,17 0,17 0,17 

min (mass) THC g 0,14 0,14 0,14 0,14 0,14 

max (mass) THC g 0,28 0,29 0,29 0,29 0,29 

90%Perc (mass) THC g 0,19 0,19 0,26 0,19 0,26 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,03 0,03 0,04 0,03 0,04 

                

ave (mass) NOx g 1,98 1,98 1,98 1,98 1,98 

min (mass) NOx g 1,36 1,36 1,36 1,36 1,36 

max (mass) NOx g 3,02 3,06 3,06 3,06 3,06 

90%Perc (mass) NOx g 2,44 2,44 2,75 2,44 2,75 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 0,17 0,17 0,20 0,17 0,20 
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Table 32 WBW results, test 7a, oval, full bycket 

Work Window test results   7a, Oval, full bucket 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 43 43 43 43 43 

max ave Power   % 60 60 60 60 60 

Points Total   - 5591 5591 5591 5591 5591 

Data Coverage No.   - 5318 5318 5318 5318 5318 

Data Coverage Perc   % 95 95 95 95 95 

Work Window Total   - 4554 4554 4554 4554 4554 

Valid Window No   - 4554 4554 4554 4554 4554 

Valid Window Perc   % 100 100 100 100 100 

                

Average CO g/kWh n.d n.d n.d n.d n.d 

Min CO g/kWh n.d n.d n.d n.d n.d 

Max CO g/kWh 0,00 0,00 0,00 0,00 0,00 

90% CO g/kWh n.d n.d n.d n.d n.d 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - - - - - - 

                

Average THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Min THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Max THC g/kWh 0,02 0,02 0,02 0,02 0,02 

90% THC g/kWh 0,02 0,02 0,02 0,02 0,02 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,09 0,09 0,10 0,09 0,10 

                

Average NOx g/kWh 0,05 0,05 0,05 0,05 0,05 

Min NOx g/kWh 0,03 0,03 0,03 0,03 0,03 

Max NOx g/kWh 0,20 0,20 0,20 0,20 0,20 

90% NOx g/kWh 0,09 0,09 0,13 0,09 0,13 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 0,22 0,22 0,33 0,22 0,33 
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Table 33 CO2 mass results, test 7a, oval, full bycket 

CO2 mass test results   7a, Oval, full bucket 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 880 880 880 880 880 

CO2 Win Max Duration   s 1234 1234 1234 1234 1234 

Points total   - 4435 4435 4435 4435 4435 

Data Coverage No.   - 5318 5318 5318 5318 5318 

Data Coverage Perc   % 95 95 95 95 95 

CO2 Windows total   - 4435 4435 4435 4435 4435 

Valid Window No   - 4435 4435 4435 4435 4435 

Valid Window Perc   % 100 100 100 100 100 

                

ave (mass) CO g n.d n.d n.d n.d n.d 

min (mass) CO g n.d n.d n.d n.d n.d 

max (mass) CO g 0,00 0,00 0,00 0,00 0,00 

90%Perc (mass) CO g n.d n.d n.d n.d n.d 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - - - - - - 

                

ave (mass) THC g 0,56 0,56 0,56 0,56 0,56 

min (mass) THC g 0,39 0,39 0,39 0,39 0,39 

max (mass) THC g 0,75 0,75 0,75 0,75 0,75 

90%Perc (mass) THC g 0,70 0,70 0,74 0,70 0,74 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,11 0,11 0,11 0,11 0,11 

                

ave (mass) NOx g 2,19 2,19 2,19 2,19 2,19 

min (mass) NOx g 1,17 1,17 1,17 1,17 1,17 

max (mass) NOx g 6,75 6,75 6,75 6,75 6,75 

90%Perc (mass) NOx g 3,55 3,55 4,63 3,55 4,63 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 0,25 0,25 0,33 0,25 0,33 
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Table 34 WBW results, test 3, hill cycle 

Work Window test results   3, Hill cycle 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 43 20 20 20 20 

max ave Power   % 68 68 68 68 68 

Points Total   - 12096 12096 12096 12096 12096 

Data Coverage No.   - 6675 11629 11629 11629 11629 

Data Coverage Perc   % 55 96 96 96 96 

Work Window Total   - 5926 10880 10880 10880 10880 

Valid Window No   - 5926 10613 10613 10880 10880 

Valid Window Perc   % 100 98 98 100 100 

                

Average CO g/kWh 0,01 0,03 0,03 0,03 0,03 

Min CO g/kWh 0 0 0 0 0 

Max CO g/kWh 0,06 0,14 0,14 0,14 0,14 

90% CO g/kWh 0,06 0,08 0,14 0,08 0,14 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - 0,02 0,02 0,04 0,02 0,04 

                

Average THC g/kWh 0,01 0,02 0,02 0,02 0,02 

Min THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Max THC g/kWh 0,02 0,02 0,02 0,02 0,02 

90% THC g/kWh 0,02 0,02 0,02 0,02 0,02 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,08 0,09 0,10 0,09 0,10 

                

Average NOx g/kWh 0,09 0,22 0,22 0,25 0,25 

Min NOx g/kWh 0,02 0,02 0,02 0,02 0,02 

Max NOx g/kWh 1,21 1,52 1,52 1,52 1,52 

90% NOx g/kWh 0,14 0,44 1,52 0,56 1,52 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 0,35 1,11 3,79 1,40 3,79 
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Table 35 CO2 mass results, test 3, hill cycle 

CO2 mass test results   3, Hill cycle 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 814 814 814 814 814 

CO2 Win Max Duration   s 1305 2246 2246 2489 2489 

Points total   - 5765 10719 10719 10717 10717 

Data Coverage No.   - 6675 11629 11629 11629 11629 

Data Coverage Perc   % 55 96 96 96 96 

CO2 Windows total   - 5765 10719 10719 10717 10717 

Valid Window No   - 5765 9952 9952 10717 10717 

Valid Window Perc   % 100 93 93 100 100 

                
ave (mass) CO g 0,27 1,14 1,14 1,39 1,39 

min (mass) CO g 0 0 0 n.d n.d 

max (mass) CO g 2,70 3,63 3,63 5,36 5,36 

90%Perc (mass) CO g 2,25 3,20 3,56 3,50 5,29 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - 0,02 0,03 0,03 0,03 0,04 

                

ave (mass) THC g 0,62 0,66 0,66 0,66 0,66 

min (mass) THC g 0,55 0,56 0,56 0,56 0,56 

max (mass) THC g 0,69 0,77 0,77 0,80 0,80 

90%Perc (mass) THC g 0,65 0,74 0,77 0,76 0,79 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,10 0,11 0,12 0,11 0,12 

                

ave (mass) NOx g 3,69 8,38 8,38 11,33 11,33 

min (mass) NOx g 1,14 1,09 1,09 1,09 1,09 

max (mass) NOx g 42,43 42,43 42,43 53,35 53,35 

90%Perc (mass) NOx g 5,18 15,77 36,56 30,23 53,24 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 0,37 1,13 2,62 2,17 3,81 
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Table 36 WBW results, test 4, carry-load-cycle, short transport 

Work Window test results   4, Short transport 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 42 30 30 30 30 

max ave Power   % 54 54 54 54 54 

Points Total   - 5801 5801 5801 5801 5801 

Data Coverage No.   - 4214 5529 5529 5529 5529 

Data Coverage Perc   % 73 95 95 95 95 

Work Window Total   - 3152 4374 4374 4374 4374 

Valid Window No   - 3152 4374 4374 4374 4374 

Valid Window Perc   % 100 100 100 100 100 

                

Average CO g/kWh n.d n.d n.d n.d n.d 

Min CO g/kWh n.d n.d n.d n.d n.d 

Max CO g/kWh 0,00 0,00 0,00 0,00 0,00 

90% CO g/kWh n.d n.d n.d n.d n.d 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - - - - - - 

                

Average THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Min THC g/kWh 0,00 0,00 0,00 0,00 0,00 

Max THC g/kWh 0,02 0,02 0,02 0,02 0,02 

90% THC g/kWh 0,00 0,01 0,01 0,01 0,01 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,02 0,03 0,08 0,03 0,08 

                

Average NOx g/kWh 0,26 0,40 0,40 0,40 0,40 

Min NOx g/kWh 0,01 0,01 0,01 0,01 0,01 

Max NOx g/kWh 0,51 1,27 1,27 1,27 1,27 

90% NOx g/kWh 0,41 1,20 1,26 1,20 1,26 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 1,04 3,00 3,16 3,00 3,16 
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Table 37 CO2 mass results, test 4, carry-load-cycle, short transport 

CO2 mass test results   4, Short transport 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 1112 1054 1054 1054 1054 

CO2 Win Max Duration   s 1316 2159 2159 2159 2159 

Points total   - 2955 4177 4177 4177 4177 

Data Coverage No.   - 4214 5529 5529 5529 5529 

Data Coverage Perc   % 73 95 95 95 95 

CO2 Windows total   - 2955 4177 4177 4177 4177 

Valid Window No   - 2955 4177 4177 4177 4177 

Valid Window Perc   % 100 100 100 100 100 

                
ave (mass) CO g n.d n.d n.d n.d n.d 

min (mass) CO g n.d n.d n.d n.d n.d 

max (mass) CO g 0,00 0,00 0,00 0,00 0,00 

90%Perc (mass) CO g n.d n.d n.d n.d n.d 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - - - - - - 

                

ave (mass) THC g 0,15 0,20 0,20 0,20 0,20 

min (mass) THC g 0,07 0,06 0,06 0,06 0,06 

max (mass) THC g 0,57 0,58 0,58 0,58 0,58 

90%Perc (mass) THC g 0,19 0,26 0,47 0,26 0,47 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,03 0,04 0,07 0,04 0,07 

                

ave (mass) NOx g 10,91 18,23 18,23 18,23 18,23 

min (mass) NOx g 3,27 2,03 2,03 2,03 2,03 

max (mass) NOx g 21,17 49,63 49,63 49,63 49,63 

90%Perc (mass) NOx g 16,59 43,83 49,06 43,83 49,06 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 1,19 3,14 3,51 3,14 3,51 
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Table 38 WBW results, test 6a, carry-load-cycle, medium transport 

Work Window test results   6a, Medium transport 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 46 37 37 37 37 

max ave Power   % 58 58 58 58 58 

Points Total   - 4881 4881 4881 4881 4881 

Data Coverage No.   - 3781 4607 4607 4607 4607 

Data Coverage Perc   % 77 94 94 94 94 

Work Window Total   - 2980 3806 3806 3806 3806 

Valid Window No   - 2980 3806 3806 3806 3806 

Valid Window Perc   % 100 100 100 100 100 

                

Average CO g/kWh n.d n.d n.d n.d n.d 

Min CO g/kWh n.d n.d n.d n.d n.d 

Max CO g/kWh 0,00 0,00 0,00 0,00 0,00 

90% CO g/kWh n.d n.d n.d n.d n.d 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - - - - - - 

                

Average THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Min THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Max THC g/kWh 0,02 0,02 0,02 0,02 0,02 

90% THC g/kWh 0,02 0,02 0,02 0,02 0,02 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,08 0,09 0,09 0,09 0,09 

                

Average NOx g/kWh 0,26 0,35 0,35 0,35 0,35 

Min NOx g/kWh 0,10 0,10 0,10 0,10 0,10 

Max NOx g/kWh 0,53 0,81 0,81 0,81 0,81 

90% NOx g/kWh 0,52 0,78 0,80 0,78 0,80 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 1,29 1,95 2,01 1,95 2,01 
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Table 39 CO2 mass results, test 6a, carry-load-cycle, medium transport 

CO2 mass test results   6a, Medium transport 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 958 958 958 958 958 

CO2 Win Max Duration   s 1148 1402 1402 1403 1403 

Points total   - 2820 3646 3646 3628 3628 

Data Coverage No.   - 3781 4607 4607 4595 4595 

Data Coverage Perc   % 77 94 94 94 94 

CO2 Windows total   - 2820 3646 3646 3628 3628 

Valid Window No   - 2820 3646 3646 3628 3628 

Valid Window Perc   % 100 100 100 100 100 

                
ave (mass) CO g n.d n.d n.d n.d n.d 

min (mass) CO g n.d n.d n.d n.d n.d 

max (mass) CO g 0,00 0,00 0,00 0,00 0,00 

90%Perc (mass) CO g n.d n.d n.d n.d n.d 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - - - - - - 

                

ave (mass) THC g 0,59 0,62 0,62 0,63 0,63 

min (mass) THC g 0,50 0,50 0,50 0,50 0,50 

max (mass) THC g 0,67 0,73 0,73 0,73 0,73 

90%Perc (mass) THC g 0,66 0,70 0,73 0,70 0,73 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,10 0,11 0,11 0,11 0,11 

                

ave (mass) NOx g 11,35 15,35 15,35 15,40 15,40 

min (mass) NOx g 4,85 4,75 4,75 4,80 4,80 

max (mass) NOx g 19,41 28,82 28,82 28,84 28,84 

90%Perc (mass) NOx g 19,12 28,43 28,78 28,45 28,80 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 1,37 2,04 2,06 2,04 2,06 
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Table 40 WBW results, test 6b, carry-load-cycle, long transport 

Work Window test results   6b, Long transport 
Evaluation method     1 2 3 4 5 

Ref Work   kWh 34,9 34,9 34,9 34,9 34,9 

EU Power Threshold   % 20 20 20 0 0 

min ave Power   % 46 39 39 39 39 

max ave Power   % 64 64 64 64 64 

Points Total   - 3280 3281 3281 3281 3281 

Data Coverage No.   - 2825 3147 3147 3147 3147 

Data Coverage Perc   % 86 96 96 96 96 

Work Window Total   - 2027 2349 2349 2349 2349 

Valid Window No   - 2027 2349 2349 2349 2349 

Valid Window Perc   % 100 100 100 100 100 

                

Average CO g/kWh n.d n.d n.d n.d n.d 

Min CO g/kWh n.d n.d n.d n.d n.d 

Max CO g/kWh 0,00 0,00 0,00 0,00 0,00 

90% CO g/kWh n.d n.d n.d n.d n.d 

EU Limit CO g/kWh 3,5 3,5 3,5 3,5 3,5 

Conformity Factor  CO - - - - - - 

                

Average THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Min THC g/kWh 0,01 0,01 0,01 0,01 0,01 

Max THC g/kWh 0,01 0,01 0,01 0,01 0,01 

90% THC g/kWh 0,01 0,01 0,01 0,01 0,01 

EU Limit THC g/kWh 0,19 0,19 0,19 0,19 0,19 

Conformity Factor  THC - 0,08 0,08 0,08 0,08 0,08 

                

Average NOx g/kWh 0,09 0,09 0,09 0,09 0,09 

Min NOx g/kWh 0,06 0,06 0,06 0,06 0,06 

Max NOx g/kWh 0,13 0,13 0,13 0,13 0,13 

90% NOx g/kWh 0,10 0,10 0,13 0,10 0,13 

EU Limit NOx g/kWh 0,40 0,40 0,40 0,40 0,40 

Conformity Factor NOx - 0,26 0,25 0,33 0,25 0,33 
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Table 41 CO2 mass results, test 6b, carry-load-cycle, long transport 

CO2 mass test results   6b, Long transport 
Evaluation method     1 2 3 4 5 

CO2 reference mass   g 26230 26230 26230 26230 26230 

EU Max CO2 Win Duration   s 2246 2246 2246 449101 449101 

CO2 Win Min Duration   s 869 869 869 869 869 

CO2 Win Max Duration   s 1127 1310 1310 1310 1310 

Points total   - 1873 2195 2195 2195 2195 

Data Coverage No.   - 2825 3147 3147 3147 3147 

Data Coverage Perc   % 86 96 96 96 96 

CO2 Windows total   - 1873 2195 2195 2195 2195 

Valid Window No   - 1873 2195 2195 2195 2195 

Valid Window Perc   % 100 100 100 100 100 

                
ave (mass) CO g n.d n.d n.d n.d n.d 

min (mass) CO g n.d n.d n.d n.d n.d 

max (mass) CO g 0,00 0,00 0,00 0,00 0,00 

90%Perc (mass) CO g n.d n.d n.d n.d n.d 

EU Limit (mass) CO g 122 122 122 122 122 

Conformity Factor  CO - - - - - - 

                

ave (mass) THC g 0,52 0,51 0,51 0,51 0,51 

min (mass) THC g 0,42 0,42 0,42 0,42 0,42 

max (mass) THC g 0,62 0,62 0,62 0,62 0,62 

90%Perc (mass) THC g 0,61 0,61 0,61 0,61 0,61 

EU Limit (mass) THC g 6,63 6,63 6,63 6,63 6,63 

Conformity Factor  THC - 0,09 0,09 0,09 0,09 0,09 

                

ave (mass) NOx g 3,86 3,71 3,71 3,71 3,71 

min (mass) NOx g 2,81 2,80 2,80 2,80 2,80 

max (mass) NOx g 5,20 5,20 5,20 5,20 5,20 

90%Perc (mass) NOx g 4,27 4,19 5,19 4,19 5,19 

EU Limit (mass) NOx g 13,96 13,96 13,96 13,96 13,96 

Conformity Factor  NOx - 0,31 0,30 0,37 0,30 0,37 
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Appendix 2: Analyzer calibration 
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Appendix 3: EFM calibration 

 

Figure 59 EFM 
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Appendix 4: Gas bottles 
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GF2 Lager PEMS C3H8 (Prop) 249.00 ppm 100284793 2015/04/24 2013/05/10   2013/05/10 1 HH 

GF2 Lager PEMS Mixgas 0.00 % 7528910002849 2016/04/25 2013/05/10   2013/05/10 1 HH 

GF2 Lager PEMS H2/He 40.30 % 7520090108826 2016/05/03 2013/05/10   2013/05/10 1 HH 

GF2 Lager PEMS NO2 271.00 ppm 7520050003746 2016/05/06 2013/05/10   2013/05/10 1 HH 

GF2 Lager PEMS H2/He 40.00 % 7521000002420 2016-05.03 2013/05/10   2013/05/10 1 HH 

GF2 Lager PEMS H2/He 40.20 % 7529030069017 2016-05.03 2013/05/10   2013/05/10 1 HH 

GF2 Lager PEMS H2/He 40.60 % 7521000095124 2016-05.03 2013/05/10   2013/05/10 1 HH 
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Appendix 5: Photos from test site 

 
Figure 60 Oval test track 

 

 
Figure 61 Oval test track 
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Figure 62 Hill used for the Hill cycle, coming from "A" towards "B" 

 

 
Figure 63 Test ground for "Carry-load-cycle", short distance 
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Figure 64 Test ground for "Carry-load-cycle", short distance 
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Appendix 6, Exclusions used for EU NRMM 

evaluation  

 

Exclusions used for EU NRMM evaluation according to directive 97/68/EC and later 

amendments 

 

Test data will be excluded if the following is not met: 

 

Min. Ambient Pressure: the atmospheric pressure must be greater than or equal to 82.5 kPa. 

 

Ambient Temperature: the ambient temperature must be equal to or above – 7 °C and less than or 

equal to the temperature determined by (at the specified atmospheric pressure):  

 

T=-0.4514*(101.3-P)+311 

 

Where:  

T  is the calculated ambient air temperature (°K) 

P  is the atmospheric pressure (kPa) 

 

Min. Coolant Temp: the engine coolant temperature must be above 70 °C or the coolant temperature 

is stabilized within +/– 2K over a period of 5 minutes whichever comes first but no later than 20 minutes 

after engine start. 

Criteria for the exclusion of averaged window data. 

The windows, whose average power is below the power threshold value of 20%, are considered as 

unvalid and excluded from the calculation. 

The windows with the 10% highest cumulative percentile of each emission are excluded from the 

calculation of the respective Conformity Factor. 
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Appendix 7: NRMM non-working events 

 

Exclusions used for EU NRMM evaluation according to Draft Proposal; In-service conformity 

procedure for non-road mobile machinery: 

 

Background: To overcome the problem with the effect of idling upon brake-specific emissions, the 

concept of ‘working’ and ‘non-working’ engines have been introduced. [3] 

 

NRMM Non-working events Exhaust Temp.:  

D0, D1, D2, D3 are the durations used to define the working and non-working events: 

 

             Table 42 

Parameter Value 

D0 2 minutes 

D1 2 minutes 

D2 10 minutes 

D3 4 minutes 

 

¶ D0 defines the minimum duration of working events; 

¶ For all non-working events, the first D1 minutes of the event are valid; 

¶ D2 defines short (<D2 min) and long “non-working” (>D2 min) events; 

¶ For long non-working events, the take-off phase following the idling event may also be 

excluded until the exhaust gas temperature reaches 250°C. If the exhaust gas temperature 

does not reach 250°C within D3 minutes, the data analysis shall restart. 

   

The “Machine Work” marking algorithm is comprised of 4 steps, 

 

Step 1: Detection, data splitting into working and non-working events: 

Detection of working and non-working data points, using a power criterion: if the engine power is 

lower than <10% the machine enters into non-working situation. The duration of the non-working 

events is calculated and the non-working events shorter than D0 minutes is considered as working 

events. Finally, the duration of all the events is calculated. 

 

Step 2: Merging of short working events into non-working 

Working events shorter than D0 are merged with surrounding nonworking events longer than D1. This 

step deals with the situation of long events interrupted for a very short duration (accidentally or to 

move the machine). 
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Step 3: Exclusion of post non-working (take off) data  

To account for the thermal effects of the extended idling, D3 minutes can be excluded after long non-

working events ("Take off emissions"). 

 

Step 4: Inclusion of post-working data 

To keep some 'hot idling' within the MAWs calculations, D1 minutes of non-working data is added at 

the end of working events. 

 

 

 


