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Engine type Fuel type 
Petrol - 2-stroke Petrol 
Petrol - 4-stroke Petrol 
Diesel Diesel 
LPG LPG 
Cable electric n/a 
Battery electric n/a 

 

Category EU group* Model group

Diesel engines 

< 19 kW < 19 kW
19-37 kW 19 <= kW < 37
37-56 kW 37 <= kW < 56
56-75 kW 56 <= kW < 75
75-130 kW 75 <= kW < 130 
130-560 kW 130 <= kW < 300
130-560 kW 300 <= kW < 560
560-1000 kW 560 <= kW < 1000 kW
>= 1000 kW 1000 <= kW

Petrol handheld 2-stroke and 4-stroke
SH1 < 20 cc
SH2 20 <= cc < 50
SH3 50 <= cc

Petrol non-handheld 2-stroke and 4-stroke

SN1 < 66 cc
SN2 66 <= cc < 100
SN3 100 <= cc < 225
SN4 225 <= cc



LPG

SN4 LPG < 56 kW
SN4 LPG 56 <= kW < 130
SN4 LPG 130 <= kW < 560
SN4 LPG 560 <= kW

 

Technology level Implementation year 
<= 1980  
1981-1990  
1991-STAGE I  
STAGE I 1999 
STAGE II 2001 – 2004 
STAGE IIIA 2006 – 2008 
STAGE IIIB 2011 – 2013  
STAGE IV 2014 
STAGE V 2019 – 2020 
STAGE V NRG 2019 
Electric  



 

 
 
 
 
 
 

 

 

 

 

 

 



 

 

 



 

 



Engine load profile Description 
dhc Hydraulic, Continuous 
dhi Hydraulic, Intermittent 
dtc Transmission, Continuous 
dti Transmission, Intermittent 
fa Fixed axle, Continuous 
fpc Fixed speed, Continuous 
fpi Fixed speed, Intermittent 

 



𝐹𝑢𝑒𝑙 𝑓𝑎𝑐𝑡𝑜𝑟 =

(𝑐ଵ  × ൫1 + ƞ௬௘௔௥൯ ×
(𝑐ଶ + 𝑐ଷ × 𝑃௥௔௧௘ௗ)

𝑐ସ
+ ƞ௬௘௔௥ × ቆ1 + e

ቀ
ି௉ೝೌ೟೐೏

௖ఱ
ቁ
ቇ × 𝑃௥௔௧௘ௗ × 𝐿௔௩௚)

𝑃௥௔௧௘ௗ × 𝐿௔௩௚  ×  𝑐଺

 ×  𝑐଻

ƞ

ƞ

Rated engine power (kW)  5 10 20 30 50 75 100 150 200 250 300 400 

Year Engine efficiency factor (ƞ) ↓ MJ heating value/MJ work at rated engine power 

1960 1.49 9.47 6.61 5.18 4.79 4.53 4.40 4.34 4.27 4.24 4.22 4.21 4.19 

1965 1.49 9.47 6.61 5.18 4.79 4.53 4.40 4.34 4.27 4.24 4.22 4.21 4.19 

1970 1.49 9.47 6.61 5.18 4.79 4.53 4.40 4.34 4.27 4.24 4.22 4.21 4.19 

1975 1.42 9.09 6.33 4.95 4.58 4.32 4.19 4.13 4.07 4.04 4.02 4.01 3.99 

1980 1.35 8.72 6.06 4.73 4.37 4.12 4.00 3.94 3.88 3.85 3.83 3.82 3.80 

1985 1.28 8.38 5.81 4.52 4.17 3.93 3.81 3.75 3.69 3.66 3.65 3.63 3.62 

1990 1.22 8.05 5.57 4.32 3.98 3.75 3.63 3.58 3.52 3.49 3.47 3.46 3.45 

1995 1.16 7.73 5.34 4.13 3.81 3.58 3.46 3.41 3.35 3.33 3.31 3.30 3.28 

table 12
in the Appendix. 



2000 1.10 7.44 5.12 3.95 3.64 3.41 3.30 3.25 3.20 3.17 3.15 3.14 3.13 

2005 1.05 7.15 4.91 3.78 3.47 3.26 3.15 3.10 3.05 3.02 3.00 2.99 2.98 

2010 1.00 6.88 4.71 3.62 3.32 3.11 3.01 2.95 2.90 2.88 2.86 2.85 2.84 

2015 0.95 6.62 4.52 3.46 3.17 2.97 2.87 2.82 2.76 2.74 2.72 2.71 2.70 

2020 0.90 6.38 4.34 3.32 3.03 2.83 2.73 2.68 2.63 2.61 2.60 2.59 2.57 

2025 0.86 6.14 4.17 3.17 2.90 2.70 2.61 2.56 2.51 2.49 2.47 2.46 2.45 

2030 0.82 5.92 4.00 3.04 2.77 2.58 2.49 2.44 2.39 2.37 2.35 2.35 2.33 

2035 0.78 5.71 3.85 2.91 2.65 2.46 2.37 2.33 2.28 2.26 2.24 2.23 2.22 

2040 0.74 5.51 3.70 2.79 2.54 2.35 2.26 2.22 2.17 2.15 2.14 2.13 2.12 

2045 0.70 5.31 3.56 2.68 2.43 2.25 2.16 2.11 2.07 2.05 2.04 2.03 2.02 

2050 0.67 5.13 3.42 2.57 2.32 2.15 2.06 2.02 1.97 1.95 1.94 1.93 1.92 

 

 



Fuel type Emission factor default 
(g/MJ)

Emission factor SCR 
(g/MJ) 

Diesel (EN-590) 0.0006 0.00319 
Diesel 0.0006 0.00319 
Petrol 0.0006 0.0006 
LPG - - 

Fuel type Year from Year until Emission factor 
(g/MJ) 

Sulphur content 
(ppm) 

Diesel (EN-590) 1995 2004   0.0023                    50  
2005 2009   0.0012                    25  
2010 2050   0.0005                    10  

Diesel 1990 1990   0.0834               1,780  
1991 1993   0.0843               1,800  
1994 1994   0.0820               1,750  
1995 2007   0.0796               1,700  
2008 2008   0.0468               1,000  
2009 2009   0.0234                  500  
2010 2010   0.0117                  250  
2011 2050   0.0005                    10  

Petrol 1990 1990   0.0109                  240  
1991 1991   0.0095                  210  
1992 1992   0.0086                  190  
1993 1993   0.0073                  160  
1994 1994   0.0059                  130  
1995 1995   0.0045                  100  
1996 2000   0.0032                    70  
2001 2001   0.0023                    50  

2002 2002    0.0027                        60  

2003 2004    0.0014                        30  

2005 2007    0.0009                        20  

2008 2050    0.0005                        10  
LPG 1989 2050         -                     -   



Fuel type Emission factor 
(µg/MJ)

Diesel (EN-590) 0.95843
Diesel 0.95843
Petrol 1.31864
LPG 0.0 

 

 

 



 

 

 

 

 



 

 

Data source Residential 

Container 

handling 

Commercial / 

institutional Industry Agriculture Construction 

BMWT data      

Fedecom data      

Off-Highway Research data   

RDW registration data      
Estimate based on Fedagrim economic 
dossiers 2006-2020       

Estimate based on Hoenderken, 2004    

Estimate based on DCMR / Dellaert, 2016    

Estimate based on TNO survey 2021      

Other estimates      

 
 

 



Sector Machinery name 1980 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2030 2040 

Construction sector 

asphalt pavers E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
surfing equipment E E E M M M M M M M M M E E E E E E E E E E E E E E E E 
truck-mounted cranes E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
bandsaws/grinders E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
cement and mortar mixers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
dozers E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
carriers E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
bitumen sprayers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
portable generators, construction E E E E E E E E E E E E E E E E E S E E E E E E E E E E 
asphalt heaters E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
backhoes E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
excavators E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
graders E E E E E M M M M M M M M M M M M M E E E E E E E E E E 
pile hammers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
pilers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
aerial lifts E E E E E E E E E E E M M M M M M M E E E E E E E E E E 
hydraulic power packs E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
wheeled loaders S S S S S S S S S S S S S S S S S S S S S S M M M M E E 
crawler loaders E E E M M M E E E E E E E E E E E E E E E E E E E E E E 
agricultural tractors S S S M M M M M M M M M M M M M M M M M M M M M M M E E 
welding generators E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
light towers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
bore/drill rigs E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
mobile compressors E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
mobile cranes E E E E E E E E M E E M E E E M E E E M E E E E E E E E 
portable pumps E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
mobile sieves/crushers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
excavators E E E E E E E E E E E E M M M M M M E E E E E E E E E E 
crawler cranes E E E E E E E E M E E M E E E M E E E M E E E E E E E E 
rough terrain forklifts E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
skid steer loaders E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
mobile tower cranes E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
tampers/rammers E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
fork lifts E E E M M M M M M M M M M M M M M M E E E E E E E E E E 



rollers E E E M M M M M M M M M M M M M M M E E E E E E E E E E 

Agriculture 

potato harvesters S S S S S S S S S S S S S S S S S S S S S S M M M M E E 
sugar beet harvesters S S S S S S S S S S S S S S S S S S S S S S M M M M E E 
chain saws E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
wheeled loaders S S S S S S S S S S S S S S S S S S S S S S M M M M E E 
agricultural tractors S S S M M M M M M M M M M M M M M M M M M M M M M M E E 
combiners E E E E E E E S S S S S S E E E E E E E E E E E E E E E 
corn harvesters E E E S S S S S S S S S S S S S E E E E E E E E E E E E 
dunginjectors E E E E E E E E E E S E E E E E E E E E E E E E E E E E 
sprayers E E E E E E E E E E S E E E E E E E E E E E E E E E E E 

Industry 
portable generators, industry E E E E E E E E E E E E E E E E E S E E E E E E E E E E 
lift trucks E E E E E E E E E E E E S S S S S S S S S S M M M M E E 
fork lifts E E E M M M M M M M M M M M M M M M E E E E E E E E E E 

Commercial / institutional 

lawn and garden tractors E E E E E E E E M M M M M M M M M M M M M M M M M M E E 
portable generators, utilities E E E E E E E E E E E E E E E E E S E E E E E E E E E E 
aerial lifts E E E E E E E E E E E M M M M M M M E E E E E E E E E E 
edgers E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
light towers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
weed control machines E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
terminal tractors S S S S S S S S S S S S S S S S S S S S S S M M M M E E 
sweepers/scrubbers E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
shredders E E E E E E E E E E E E E E E E E E E E E E E S E E E E 
aerators E E E E E E E S S S S S S S E E E E E E E E E E E E E E 
fork lifts E E E M M M M M M M M M M M M M M M E E E E E E E E E E 
rear engine riding mowers E E E E E E E S S S S S S S S S S S S S S S S S E E E E 

Container handling 
container lift trucks E S S S S S S S S S S S S S S S S S S S S S S S S S S S 
reach stackers E S S S S S S S S S S S S S S S S S S S S S S S S S S S 

Residential 

leaf blowers/vacuums E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
brushcutters E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
lawnmowers E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
hedge trimmers E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
chain saws E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
trimmers/edgers/brushcutters E E E E E E E S S S S S S S S S S S S S S S S S E E E E 
rear engine riding mowers private E E E E E E E S S S S S S S S S S S S S S S S S E E E E 



 

 
 



 



 

 

 

 

 

𝐴𝑔𝑒௡௢௠௜௡௔௟ =
𝑌𝑒𝑎𝑟௥௘௣௢௥௧௜௡௚ −  𝑌𝑒𝑎𝑟௜௡௧௥௢ௗ௨௖௧௜௢௡

𝑚𝑒𝑑𝑖𝑎𝑛 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒

 

𝑠ℎ𝑎𝑟𝑒௔௖௧௜௩௘ = 𝐹௦௨௥௩௜௩௔௟(𝐴𝑔𝑒௡௢௠௜௡௔௟)

 

𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝑠௔௖௧௜௩௘ = 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝑠௜௡௧௥௢ௗ௨௖௘ௗ ×  𝑠ℎ𝑎𝑟𝑒௔௖௧௜௩௘

 

 

 

 

 



 

 

 

𝐼𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐵𝐸𝐿௠௢ௗ௘௟,   ௬௘௔௥ = (𝐸௠ + (1 − 𝐸௠) × 𝐵௬)  ×  ቆ
𝐷௠

𝐷௠ + 𝑋௬

ቇ × 𝑖𝑓൫𝐶௠; 𝑍௬; 1൯ × ቆ
𝑌௬

𝑌௬ + 𝐵𝐶௠

ቇ × 𝐴௬

𝐼𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐵𝐸𝐵௠௢ௗ௘௟,   ௬௘௔௥ = (𝐸௠ + (1 − 𝐸௠) × 𝐵௬)  × 𝑖𝑓൫𝐶௠; 𝑍௬; 1൯ × ( 
𝐿௬

𝐿௬ + 𝐷௠  × 𝐵𝐶௠

) × 𝐴௬

𝐼𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝐸௠௢ௗ௘௟,   ௬௘௔௥ = (𝐸௠ + (1 − 𝐸௠) × 𝐵௬)  ×  ቆ
𝐷௠

𝐷௠ + 𝑋௬

ቇ × (1 − 𝑖𝑓൫𝐶௠; 𝑍௬; 1൯) × 𝐴௬

𝑖𝑓൫𝐶௠; 𝑍௬; 1൯

𝐶௠ = 𝑇𝑟𝑢𝑒) 𝑍௬



 

 

𝑊𝑜𝑟𝑘 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 = 𝑁 × 𝑇 × 𝑃௥௔௧௘ௗ × 𝐿௔௩௚ 

 
 
 
 
 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝑊𝑜𝑟𝑘 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 × 𝑐 × 𝐹𝐹 

 
 
 
 

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝑊𝑜𝑟𝑘 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 ×  ƞ 

 
 
 Ƞ

 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = ෍ 𝑁 × 𝑃௥௔௧௘ௗ  ×  𝑇 × 𝑆௟௢௔ௗ  × 𝐸𝐹௟௢௔ௗ,   ௧௘௖௛௡௢௟௢௚

௟௢௔ௗ

 



 

 
 
 

 

 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝐹 × 𝐸𝐹௙௨௘௟,   ௬௘௔௥

 
 
 

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛௬௘௔௥ =
𝑆ோாி −  𝑆௬௘௔௥

1000
 × 0.157

 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛௖௢௥௥௘௖௧௘ௗ = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛ௗ௘௙௔௨௟௧ ×  
𝐿𝐻𝑉ௗ௘௙௔௨௟௧

𝐿𝐻𝑉௬௘௔௥



 

 

 

 

 

 



 



4 Model output 

 







 



 



 



 

 



 



 



 

 



 





5 Discussion 

 

Sector Fuel type Uncertainty 
activity data 

Uncertainty implied emission factors 

NOx SOx NH3 PM10/PM2.5 EC NMVOC 

Construction Petrol 100% 50% 20% 200% 100% 100% 100% 

Diesel 50% 50% 20% 200% 100% 100% 100% 

Industry  Diesel 50% 50% 20% 200% 100% 100% 100% 

LPG 50% 50% 20% 200% 100% 100% 100% 

Commercial / 
institutional 

Petrol 100% 50% 20% 200% 100% 100% 100% 

Diesel 50% 50% 20% 200% 100% 100% 100% 

Container handling Diesel 50% 50% 20% 200% 100% 100% 100% 

Residential Petrol 100% 100% 20% 200% 200% 200% 200% 

Agriculture  Petrol 200% 100% 20% 200% 200% 200% 200% 

Diesel 35% 50% 20% 200% 100% 100% 100% 
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List of pollutants 

Pollutant Calculation method 
CO Engine derived 
HC Engine derived 
NH3 Engine derived 
NOx Engine derived 
PM Engine derived 
CO2 Fuel derived 
Dioxins (PCDD/PCDF, I-TEQ) Fuel derived 
Heavy metals total Fuel derived 
N2O Fuel derived 
SO2 Fuel derived 
Arsenic & compounds (as As) HM profile 
Cadmium & compounds (as Cd) HM profile 
Chromium & compounds (as Cr) HM profile 
Copper & compounds (as Cu) HM profile 
Lead & compounds (as Pb) HM profile 
Mercury & compounds (as Hg) HM profile 
Nickel & compounds (as Ni) HM profile 
Selenium & compounds (as Se) HM profile 
Zinc & compounds (as Zn) HM profile 
Acenaphthene PAH profile 
Acenaphthylene PAH profile 
Anthracene PAH profile 
Benz(a)anthracene PAH profile 
Benzo(a)pyrene PAH profile 
Benzo(b)fluoranthene PAH profile 
Benzo(g,h,i)perylene PAH profile 
Benzo(k)fluoranthene PAH profile 
Chrysene PAH profile 
Dibenzo(a,h)anthracene PAH profile 
Fluoranthene PAH profile 
Fluorene PAH profile 
Indeno(1,2,3,c,d)pyrene PAH profile 
Naphthalene PAH profile 
Phenanthrene PAH profile 



Pyrene PAH profile 
1,3-Butadiene THC profile 
1-Methylnaphthalene THC profile 
2,2,4-Trimethylpentane THC profile 
2-methylnaphthalene THC profile 
Acetaldehyde THC profile 
Acetylene THC profile 
Acrolein THC profile 
Benzene THC profile 
Crotonaldehyde THC profile 
Ethane THC profile 
Ethanol THC profile 
Ethene THC profile 
Ethyl Benzene THC profile 
Formaldehyde THC profile 
Hexane THC profile 
Isobutane THC profile 
Isoprene THC profile 
Isopropyl Benzene THC profile 
Methane THC profile 
N-butane THC profile 
Other NMVOC THC profile 
Propane THC profile 
Propionaldehyde THC profile 
Propylene THC profile 
Styrene THC profile 
Toluene THC profile 
Xylenes THC profile 
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