
Indirect energy input of agricultural machines

Possible indirect energy items to be
included in the analysis:
– Manufacturing

– Transport from the plant to a farm

– Repair and maintenance

– Discarding/Recycling
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Manufacturing
• No analysis has been made especially for agricultural

machines

• The most popular reference is the study of Berry & 
Fulton Fells 1967 from car industry
– Energy for manufacturing 81.2 MJ/kg (or 86.7 MJ/kg)

• Later studies:
– MacLean H, Lave L. A life-cycle model of an automobile. 1998 

 86.6 MJ/kg

– Schweimer G, Levin M. Life cycle inventory for the Golf A4. VW 
environmental report 2001/2002 74.9 – 80.8 MJ/kg   

ENPOS Workshop 14.-15.3.2011, Helsinki



Transport from the plant to a farm

• Only one value found from the 
litterature: 

8.8 MJ/kg (Loewer Jr. O.J. et al. 1977)

• Energy requirement depends strongly
on the transport distance and it can
vary in a wide range.
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Repair and maintenance (R&M)

• Kepner (1978) presented R&M costs to initial
costs over the lifetime

• Fluck & Baird (1980) concluded that energy
for R&M is significant compared to the 
energy for manufacturing

• 1985 Fluck presented two models:
– The industry costs model (55%)
– The lifetime repair costs model (138%)
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Discarding/Recycling

• Berry & Fulton Fells (1967) took
discarding into consideration in their
analysis

• Mainly an ignored energy input

• Possibly an insignificant energy item if
steel is recycled
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Problems:

Energy for manufacturing , R&M should be
allocated for the lifetime use.

What is the lifetime and the lifetime use of 
agricultural machines?

ASAE D497.5  12 000 h for a 2WD tractor. 
In Denmark and Finland the annual use is 

some 200 h  tractors should be running
60 years to reach the technical lifetime!
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Suggestion

• Energy for manufacturing, R&M should be
allocated for the economical lifetime and 
usage e.g. 12 -15 years and 6000 – 9000 h 
for tractors. 

• After that period tractors could be free
from manufacturing energy costs. 

• The same procedure could be applied for 
other machines.
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The idea of the allocation for tractors and 
self propelled machines

• The lifetime fuel consumption of a 
tractor is estimated.

• Energy costs of manufacturing and 
lifetime R&M are estimated and 
allocated for the lifetime fuel
consumption.

 What you have to know, is the fuel
consumption of the work operation.  
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The idea of the allocation for 
implements

• The lifetime capacity of an implement
in ha (tons, etc.) is estimated.

• Energy costs of manufacturing and 
lifetime R&M are estimated and 
allocated for the lifetime capacity.
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What should we do?
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Manufacturing, repair and maintenance (R&M) energy of 
agricultural machines

Tractors and 
self propelled 
machines

Economic 
lifetime, years

Lifetime 
usage, h

Energy for 
manufacturing, 
MJ/kg

Energy for 
R&M, MJ/kg

Energy for manufacturing, 
R&M, MJ/l diesel fuel 
consumed

2 Wheel Driven
Tractor 12 9000 86,7

Implements
Economic 
lifetime, years

Lifetime
usage, h

Energy for 
manufacturing, 
MJ/kg

Energy for 
R&M, MJ/kg Lifetime capacity

Energy for 
manufacturing, R&M, 
MJ/ha

Reversible 
plough 12 1200 86,7



More detailed information:
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This material has been produced in ENPOS project. ENPOS is acronym for Energy 
Positive Farm. 
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