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OFFREM =

OFF-Road Emission Model

(data 1990-2030)

www.vito.be
www.ilvo.vlaanderen.be

http://www.vito.be/
http://www.ilvo.vlaanderen.be/


Sub-sectors :

agriculture

forestry

households 
(gardening)

green area 
maintenance

industrial plants

building industry

military

(sea) ports

airports

big transshipment 
companies / hubs
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FLEET

type vechicle / machine fuel engine type year of construction engine capacity

CAR / LDV / HDV / … diesel diesel age diesel 

dependent on sub sector petrol 4 stroke  0 year < 18 kW

LPG 2 stroke 1 year 18-37 kW

electricity LPG 2 years 37-75 kW

electricity … 75-130 kW

130 - 300 kW

300 - 560 kW

560 - 1000 kW

technology > 1000 kW

no control

< 1980 petrol (hand held)

1981 - 1990 < 20 cc

1991 - Stage I

Stage I petrol (non-hand held)

Stage II < 66 cc

Stage IIIa 66-100 cc

Stage IIIb 100-225 cc

Stage IV >= 225 cc



FLEET and ACTIVITY : forestry

4 cities : data used machines

1 city : data working hours

hectares wood

working hours 

- per type of machine 

- per ha wood

x ha wood 3 Belgian Regions



FLEET and ACTIVITY : households

• mobile machines gardening

• fleet : number, kW and use (hours, frequency)

• number of gardens per size, number of 

households

total number and characteristics of machines        

per machine type and per garden type (per     

household)



• off road use of quads and motorcycles

• sale statistics : 250-750 cc

• 2 hours in weekend March – October

• cross-country motorcycles : 

• number of people taking part in cross-country 

competition (year 2000) + recreational use (needs 

assessment) 

• 2t 50 cc and 4t 250-750 cc

FLEET and ACTIVITY  : households (2)



• park, military domain, nature reserve, 

public green area (square, cemetery, rows 

of trees, verges…)

• machinery : see forestry

• 1 lawn mower per town to cut verges

FLEET and ACTIVITY : green area maintenance



• fleet : 

• industry : fork-lift trucks : sale statistics 1991 –

2013 

• building sector : 25 types of machines

• technical data and activity : workshop with

experts (2005)

FLEET and ACTIVITY : industry and building 

…



2007 : ministry of defence : list of machines and 

equipment + characteristics + fuel use per 

engine/vehicle

FLEET and ACTIVITY : defence

FLEET and ACTIVITY : multimodal transshipment stations or hubs

3 stations : data used machinery



Port of Antwerp : inventory off-road equipment for

2006 

FLEET and ACTIVITY : harbours

create a fleet for all years and all ports (sea 
and inland ports)

FLEET and ACTIVITY : airports

Figures for each international airport (ha, kton, 
pass, no. flights)



FLEET and ACTIVITY : agriculture

- technical data cultivations

- soil use 

- size of parcels farm land

- technical characteristics machines and 
vehicles

L / hectare or farm kWh
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Technology related emissions

• machines : emission factor (g/kWh) x energy use (kWh)

• vehicles : fleet emission factor (g/km) x mileage (km)

• non-exhaust : emission factor (g/h or g/ha) x activity (h or ha)

Fuel related emissions

• machines : emission factor (g/g) x fuel use (g)

• vehicles : fuel consumption factor (g/km) x mileage (km)

energy use (kWh) =

design capacity (kW) x load factor (%) x working hours (h)

fuel use (g) =

energy use (kWh) x fuel consumption factor (g/kWh)

EMISSIONS



exhaust :

NOx, CO, VOS, TSP, PM10, PM2.5 : TREMOD (2004) 

N2O, NH3, benzene, CH4 : EMEP/CORINAIR Guidebook (2005)

CO2 : IPCC (1996 revised)

HM, POP, PAH, SO2 : % in fuel (EMEP/CORINAIR 2005)

EF and FC factors :

non-exhaust :

TSP, PM10 and HM : CARBOTECH (2000) 
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machinery vehicles

° year ° year

° off road sector ° off road sector

° subsector ° subsector

° Belgian Region ° Belgian Region

° machine type ° vehicle type

° fuel type ° fuel type

° engine capacity ° engine type

° technology ° engine capacity

° technology



forestry

households

green area

building industry

NOx 2012



defence

harbours

multimodal

NOx 2012

airports





CO (% of total emission Flemish Region)

% off-road in total emission

(2012)

CH4 <0,5

CO 5

CO2 <1

HM <1

N2O 1

NH3 <1

NMVOC 2

NOx 2

PAH <0,5

PM10/PM2.5 <1

SO2 <0,5

TSP 2
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Kaart invoegen



IMPROVEMENTS

- surveys, data from website, interviews : 1 year
(2008)

- not all machines represented

- overlap equipment subsectors

- machines in working condition (h ?)

- most of the basic data Flemish Region

- emission factors non-exhaust



Thank you for your attention

Caroline De Bosscher

c.debosscher@vmm.be
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