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7  Summary Information Sheets for Plant Supply Chains 
________________________________ 
 
7.1 Guide to reading an information sheet 
 
Characteristics of the supply chain 
 
♦ The plant resource supply chains are listed in order of their significance in France. 
♦ Only biomass sources covered by the LCAs inventoried are listed. 

 
Link between the plant 
supply chain and the 

fossil source(s) 
replaced 

 
Product or application in 

the supply chain 

 
 
 
 

 
PLANT SUPPLY 

CHAIN (FOSSIL CHAIN 
REPLACED) 

 

PRODUCT 
 

BIOMASS PRIMARY USE 

A Structural components   

B Particleboard   
Biomass or 
molecule used 
to produce the 
product in 
question 

Most common 
use of the 
product in 
question 

 
 
 
 
 
 
 
Table 6 
Description of the supply chain 
 



Environmental impacts: plant vs. fossil 
 
            
                PRODUCTS 
 
IMPACT  
CATEGORY 

 
Solid structural 

components 

 
Glue-laminated 

structural 
components 

Natural fibres 
and 

petrochemical 
polymers 

 
Natural fibres 

and biopolymers 

Primary use Building structure Parts used in the transportation 
industry 

(Pallets, cars) 
Reference supply 
chain 

Concrete Steel Concrete Steel Fibreglass Fibreglass 

Consumption of 
non-renewable 
energy 

++ ++ n.d. + +++  

Fossil greenhouse 
effect 

++ + n.d. + + ++ 

 
 
 
 
 
 

The various columns provide an indication of the range of the 
overall performance of the supply chain (impacts of the plant 
resource supply chain minus the impacts generated by the 
fossil supply chain). 

Table 7 
Environmental impact of the supply chain 
 
The environmental balance sheet is assessed by functional unit, except in the case of 
surfactants because of the lack of available data.   
 
A "benefit/cost" ratio is calculated relative to the corresponding reference fossil supply 
chain and synchronized among the various plant resource supply chains: 
 

++ 
 

+ 
 

0 
 
- 
 

-- 
 

+/- 
 
 
? 
 
 

n.d. 

very favourable: impact avoided >> impact generated (difference of at least 50%) 
 
favourable: impact avoided > impact generated (difference of 20 to 50%) 
 
no difference: impact avoided essentially equal to impact generated (maximum difference of 20%) 
 
unfavourable: impact avoided < impact generated (difference of 20 to 50%) 
 
very unfavourable: impact avoided << impact generated (difference of at least 50%) 
 
result dependant on key parameters: the sign (positive or negative) of the overall impact varies 
strongly with the parameters identified (e.g., choice of technology, etc.) 
 
no reliable data available: the benefit or cost cannot be assessed because of the lack reliable 
knowledge in the area 
 
(not defined) no data available 

 
 
 



Influencing parameters and areas for improvement 
 
This section summarizes, in table form, the state of knowledge about the influence 
(strong, weak, indeterminate) of key parameters of the supply chain. 
 
Whether a parameter exerts a strong influence or not on environmental performance is 
very difficult to ascertain and must be based on the definition of a relevant benchmark.  
The following rule was applied: 
 
♦ A parameter is regarded as exerting a strong influence when the difference 

between the impact generated and the impact avoided is at least 20%. 
♦ A parameter is regarded as having a weak influence when the difference between 

the impact generated and the impact avoided is at most 20%. 
♦ The influence of a parameter is considered indeterminate when no data 

whatsoever is available or the data available is not reliable. 
 
INFLUENCE OF 

PARAMETER 
PARAMETER CORRESPONDING 

IMPACT 
CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

     
 
 

Strong, weak or 
indeterminate 
influence 

Impact categories most 
sensitive to a variation 
in the parameter 

 
 
 
 
Table 8 
Parameters exerting an influence on environmental balance sheet 
 



Quality of studies selected 
 
Six indicators of the state of current LCA knowledge, evaluated on a five-level scale 
(from very weak to very strong) generated a semi-quantitative assessment of LCA data 
available for a given supply chain. 
 
 
 
 
 

 
 

Range ….. PARAMETER 
Reliability…….. 

Parameters: Range of scenarios, Reliability of 
knowledge, Technological sensitivity, Geographical 
sensitivity, Consistency of results, Need for further 
data 

  Very weak Weak  Moderate Strong  Very strong 
Table 9 
Analysis of the bibliography 
 
Range of scenarios studied: 
 
The more varied the scenarios studied in an LCA, the higher the score.  The following 
points were noted in particular: 
 
- range of studies encountered, 
- distribution of studies among sub-supply chains, 
- significant state-of-the-art reviews. 
 
Reliability of knowledge: 
 
The more solid, complete and consistent the LCA knowledge, the higher the score 
assigned (based on the consistency of results from separate studies). 
 
The quality of the sensitivity analyses, included in all the studies, is also a factor in the 
score.  
 
Technological sensitivity: 
 
Influence of the type of technology selected in the supply chain. 
 
Geographical sensitivity: 
 
Sensitivity of a supply chain to specific geographical conditions. 
 
Consistency of results: 
 
This indicator conveys whether the results of all the studies are consistent.  Where a lack 
of consistency was noted, an effort was made to provide an explanation. 
 



Need for further LCA data 
 
The score indicates whether there is a need to expand the current knowledge base.  
Requirements for additional data were identified based on a critical analysis of a number 
of bibliographic references.  In some cases, data are missing, in others, they are highly 
uncertain, for example, in the case of: 
 
- inventory data, 
- impact assessment data. 
 
Quantified assessment of certain indicators 
 
Where consistent results are available in the “consumption of non-renewable primary 
energy” and “greenhouse effect” impact categories, average values, or ranges in values 
for gains achieved are presented.   
 
Discussion 
 
A comprehensive discussion of a supply chain may highlight links between supply chains 
or areas for improvement.  The following points may be addressed: 
 
- state of LCA knowledge of the supply chain, 
- key components of the supply chain and areas for improvement, and 
- opportunities involving and links with other plant resource supply chains. 
 
Bibliographic index 
 
Based on the previously defined standards of quality (cf. Chapter 6), a summary was 
prepared of the references for the main studies analyzed.  Table 10 summarizes the 
various studies that were selected and covered in the information sheets. 
 

TITLE DATE MANDATED BY CONDUCTED 
BY 

REFEREED 

     
 
Table 10 
Bibliography of studies analyzed in the information sheets covering LCA studies 
 



7.2 Information sheets 
 
The 10 plant resource supply chains analyzed are detailed in the following information 
sheets.  They are presented in order of the quantity of data available for each: 
 
♦ agrimaterials 
♦ ether alcohols (transportation biofuels) 
♦ oil esters (transportation biofuels) 
♦ forest biomass [bioenergy; heat & electricity] 
♦ agricultural biomass [bioenergy; heat & electricity] 
♦ biopolymers 
♦ surfactants 
♦ lubricants and hydraulic fluids 
♦ solvents 
♦ chemical and other intermediates 



Agrimaterials 
 
 
Agrimaterials comprise biomaterials that are blends of natural fibres and polymers; they 
include solid wood products used as structural building components (dwellings, industrial 
buildings, etc.).  The production of furniture and other non-structural elements (windows, 
doors, flooring, etc.) is not included in this study. 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SUPPLY 
CHAIN 

(FOSSIL CHAIN 
REPLACED) 

PRODUCT BIOMASS 
(MOLECULE) 

PRIMARY USE 

A Solid structural 
components 

Wood (fir, etc.) Building components 
(beams, rafters, villas, 
houses, buildings, 
commercial and industrial 
buildings) 

B Glue-laminated 
structural components 

Wood (spruce, Douglas 
fir) 

Building components 
(beams, commercial and 
industrial buildings) 

C Particleboard Wood industry co-
products 

Building components 
(commercial and industrial 
buildings, etc.) 

D Linoleum . Jute (fibre) 
. Wood and/or cork 
(particleboard) 
. Flax (oil) 

Floor coverings 

E Parts that are blends of 
natural fibres and 
petrochemical polymers 

. Chinese reed (fibre) 

. Hemp (fibre) 

. Flax (fibre) 

. Sisal (fibre) 

. Shipping pallets 

. Car parts 

F Parts that are blends of 
natural fibres and 
petrochemical polymers 

. Chinese reed (fibre) 

. Cellulose (diacetate) 
. Shipping pallets 
. Car parts 

G . Thermal insulating 
textiles 
. Plastic reinforced with 
hemp fibre 

. Hemp 

. Grass (hay) 
. Textiles 
. Insulation 
. Miscellaneous 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B Steel structural 

components 
- Building components 

A/B Concrete structural 
components 

- Building components 

E/F Parts that are blends of 
fibreglass and 
petrochemical polymers  

- . Shipping pallets 
. Car parts 

E/F Parts made of 
petrochemical polymers 

- Car parts 

E/F Magnesium parts - Car parts 
 



 
2 Environmental impacts – 

Plant vs. fossil 
____________________________________ 
 
 
           PRODUCTS 
 
 
IMPACT  
CATEGORY 

 
Solid structural 

components 

Glue-laminated 
structural 

components 

Natural fibres 
and 

petrochemical 
polymers4

Natural fibres 
and 

biopolymers1

Primary use Building structure Parts used in the transportation 
industry 

(pallets, cars) 
Reference supply 
chain 

Concrete Steel Concrete Steel Fibreglass Fibreglass 

Consumption of 
non-renewable 
energy 

++ ++ n.d. + +++  

Greenhouse effect ++ + n.d. + +1 ++2

Eutrophication 0 0 n.d. 0 - - - 

Acidification ? ? n.d. ? + + 

Destruction of the 
ozone layer 

n.d. n.d. n.d. n.d. 03 n.d. 

Photochemical 
pollution 

? ? n.d. ? + + 

Terrestrial toxicity ? ? n.d. ? 03 0 

Aquatic toxicity ++ ++ n.d. ++ +3 + 

Human health n.d. n.d. n.d. n.d. +3 + 

 
(1) For this sub-supply chain, only one study is available on shipping pallets (Mayet, 2000) and one on a 

car part (Margand et al., 2003); both studies utilize the same base data. 
 
(2) In terms of the greenhouse effect, the performance of the reference sectors (Rebitzer et al., 2003), 

which is highly dependent on end-of-life recovery, is superior.  In the study in question, the various 
pallet components and the fibreglass car part are recycled, whereas the plant sector components are 
incinerated. 

 
(3) Very few quantitative values are available (one or two studies). 
 
(4) If the matrix of the component is also a product of the plant supply chain, the performance improves 

as a function of the environmental performance of the biopolymer used. 
 
Replacement of conventional products with products containing natural fibres can be 
very advantageous in terms of non-renewable primary energy and the greenhouse effect. 
 
In the case of transportation-related applications, plant-source products (pallets, car parts, 
etc.) can be much lighter than their conventional fossil counterparts, which can result in 
an energy gain of up to several hundred gigajoules (GJ) of primary non-renewable energy 
per hectare of fibre crop.  If the use phase is included, the gain can even exceed 1,000 GJ 
per hectare of crop. 
 



In the case of these applications, indirect gain is achieved in two ways: 
 
♦ the quantity of fibre used for a given function is smaller than in the case of 

conventional fibres because the physical characteristics of natural fibres are often 
superior; 

♦ the lower weight promotes energy savings (e.g. fuel) during the use phase. 
 
By comparison with fossil fuel supply chains, the performance of composite materials 
(natural fibres and biopolymers) and raw timber (used as building components) is the 
most favourable of all the sub-supply chains studied in terms of consumption of non-
renewable primary energy and the greenhouse effect. 
 
 
 



3 Influencing parameters and 
areas for improvement 

_______________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Useful life All All Extend the useful life of 
biomaterials produced 

Type of use (thermal 
insulation or structures in 
the construction sector) 

All All wood and fibre 
components intended 
for use in 
construction  

Emphasize applications in 
which the intrinsic 
performance of plant-based 
products is superior to that of 
fossil counterparts (better 
insulating power, etc.) 

Type of end-of-life 
recovery: either incineration 
or landfilling, or recycling 

. Resource use 

. Greenhouse effect 

. All 
 

. Car parts 

. Solid or glue-
laminated structural 
components 

Ensure that end-of-life 
recovery is appropriate and 
effective  

Type of use (weight of 
products in transportation-
related applications) 

. Resource use 

. Greenhouse effect 

. Human health 

. Car parts 

. Shipping pallets 
Emphasize applications in 
which the intrinsic 
performance of plant-based 
products is superior to that of 
fossil counterparts (weight, 
etc.) 

Choice of functional unit 
(quantity used per functional 
unit, as compared with 
conventional products) 

All Building 
components, 
particleboard 

- 

Type of use (single-family 
dwelling, building, shed, 
etc.) and type of structure 
(horizontal, vertical) 

All Solid and glue-
laminated structural 
components 

Emphasize applications in 
which the intrinsic 
performance of plant-based 
products is superior to that of 
fossil counterparts (load-
bearing capacity, etc.) 

Type of use (proportion of 
fibres in the final product) 

. Resource use 

. Greenhouse effect 

. Toxicity to humans 

. Car parts 

. Shipping pallets 
Emphasize applications in 
which the intrinsic 
performance of plant-based 
products is superior to that of 
fossil counterparts (strength, 
etc.) 

Transportation 
(raw material) 

. Resource use 

. Greenhouse effect 
Solid or glue-
laminated structural 
components 

Limit transportation of raw 
material 

Production-phase 
technology: wood drying, 
use of related products 
(resins, etc.) 

. Energy 

. Greenhouse effect 
. Structural 
components 
. Particleboard 

Improve the production phase 
(drying) 

Production-phase 
technology (cultivation and 
processing of fibres) 

. Resource use 

. Eutrophication 

. Acidification 

. Aquatic toxicity 

. Car parts 

. Shipping pallets 
Improve fibre production and 
processing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STRONG 

Use-phase technology (soil 
maintenance) 

All Linoleum Include soil maintenance in 
the assessment of 
environmental impacts 

Production-phase 
technology (nature of 
pigments) 

- Linoleum pigments Study the other linoleum 
components  

 
 
INDETERMINATE 

Raw material used (tree 
species) 

- Solid or glue-
laminated structural 
components 

Study the effect of the tree 
species used 

 



4 Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios    X  
Reliability of studies  X    
Technological sensitivity    X  
Geographical sensitivity   X   
Consistency of results  X    
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
A certain similarity is seen between transportation-related applications (fibres) and 
applications related to the construction of single and multiple-family dwellings (wood 
sub-supply chains).  Several significant reviews were identified for this supply chain.  
The sub-supply chains related to wood material are well studied.  Less work has been 
done on the sub-supply chains associated with fibre-based agrimaterials. 
 
Reliability is acceptable where wood sub-supply chains are concerned, but fairly poor in 
the case of fibre sub-supply chains (developing technologies). 
 
Technological sensitivity is fairly strong in the case of fibres, and moderate in the case of 
wood.  Geographical sensitivity is moderate where fibres are concerned (agricultural 
phase) and moderately strong in the case of wood (method of production, climate, etc.). 
 
In the case of fibres, no overall consistency of results is seen in the studies (fairly diverse 
applications).  Conversely, consistency is fairly satisfactory in the case of wood. 
 
Missing or highly uncertain data: 
 
♦ agricultural-phase emissions: fibre crop cultivation, silviculture based on local tree 

species, 
♦ production and processing of fibres: composite products, plant matrices, auxiliary 

products (surface coatings, pigments, etc.), 
♦ emissions related to the end of life of materials: landfilling, incineration (various 

technologies), recycling, 
♦ assessment of the environmental impact in terms of eutrophication, acidification, 

destruction of the ozone layer, photochemical pollution, ecotoxicity and human 
health. 

 
 



5 Quantified assessment of 
certain indicators 

____________________________________ 
 
In the case of lumber (raw timber, laminates, panels, etc.), environmental gain cannot be 
quantified because the units used to assess the environmental impact of the reference 
fossil fuels do not permit comparison.   
 
The various studies on fibres reveal strong variations in environmental gain in the 
agrimaterials sector, depending on the type of application and the key parameters 
identified (cf. Chapter 3).  In terms of the consumption of primary, non-renewable 
energy, the gain can be as high as several hundreds of GJ/ha, and in the case of the 
greenhouse effect, it can be several tens of tonnes CO2 eq. 
 
In the other impact categories, either few quantitative values are presented in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
______________________ 
 
The supply chain is fairly well understood in terms of LCA of wood sub-supply chains.  
Fibre sub-supply chains are not as extensively studied. 
 
Useful life and end-of-life recovery are important parameters for all applications in the 
agrimaterials sector. 
 
The use phase is important in wood-related applications (home heating and insulation, 
wood, etc.) and fibre (fuel consumption based on weight). 
 
Although interesting results are seen in the agrimaterials supply chain, great potential 
exists for improvement.  This is particularly true in the case of fibre because the 
technology has not yet been optimized. 
 
The agrimaterials sector is the only plant resource supply chain studied that allows for 
indirect gain (an advantage in terms of vehicle weight provides a fuel advantage in the 
use phase).  This gain is partly responsible for the sector’s environmental performance. 
 
Agrimaterials must be developed in a manner that takes into consideration the 
development of their fossil counterparts.  In order to avoid recycling problems, the two 
should not be mixed. 
 



 
7 Bibliographic index 
_______________________________ 
 
168 references inventoried, 99 studies identified, 12 studies selected 
 

TITLE DATE SOURCE MANDATED BY CONDUCTED 
BY 

REFEREE
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Ether alcohols (transportation biofuels) 
 
 
Alcohols are transportation biofuels or energy biofuels (fuel cells) used in varying 
proportions in unleaded gasoline (ethanol, methanol) either as additives (less than 5% of 
the blend), components (5% or more of the blend), or complete fuels (100%).  Their 
ethers are used in varying proportions in unleaded gasoline (ETBE) and diesel (DME).   
 
 
1 Characteristics of the supply chain 
_____________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT BIOMASS 
(MOLECULE) 

PRIMARY USE 

A Bioethanol . Beets, wheat, wood, 
sugar cane, grass, corn, 
millet, potato 
. Sugar cane bagasse, 
forest co-products, 
cereal, oilseed and rice 
straw, whey, waste 
paper,1 wine 

. Additive 

. Component 

. Transportation fuel 

. Energy fuel 
 

B Ethyl tertiary butyl ether 
(ETBE) 

. Beets, wheat, wood, 
grass, corn 
. Straw, whey, waste 
paper1

. Additive 

. Component 

C Biomethanol Wood  . Additive 
. Component 
. Transportation fuel 
. Energy fuel 

D Dimethyl ether 
(DME) 

Wood . Additive 
. Component 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B/C Unleaded fuel - Transportation fuel 
A2/D Diesel - Energy fuel 

C Methanol  - . Additive 
. Component 
. Transportation fuel 
. Energy fuel 

B Ethyl tertiary butyl ether 
(ETBE) 

- Additive 

 
(1) Developing sector. 
(2) As an additive.



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY7

Bioethanol ETBE Biomethanol BioDME 

Primary use Transportation 
Reference supply chain Gasoline MTBE Methanol DME 
Consumption of non-renewable 
energy 

++1 + ++ ++ 

Fossil greenhouse effect ++1 + ++ + 

Eutrophication +/-2 +/- - +/- 

Acidification - - - +/- 

Destruction of the ozone layer ?3 ?3 +/- +/- 

Photochemical pollution +/- +/- - +/- 

Terrestrial toxicity ?5 ?5 ?5 ?3

Aquatic toxicity ?5 ?5 ?5 ?3

Human health +/-4 ?5 ?5 & 6 ?3

 
(1) The gain from incorporating ethanol in gasoline is greater than the gain from incorporating 

ethanol in diesel.  Producing ethanol from cellulose appears to have the most favourable 
environmental performance.   

(2) With regard to this impact category, production of ethanol becomes unfavourable when intensive 
cultivation replaces the use of a co-product.   

(3) Study results differ widely. 
(4) Environmental performance varies according to several parameters (emissions during the 

combustion phase, incorporation of ethanol in gasoline or diesel, type of vehicle).  It also differs if 
carcinogenic or respiratory effects on human health are considered.   

(5) Studies provide very few or no values for these impact categories. 
(6) A certain amount of information is available on the direct toxicity of methanol, but assessing the 

toxicity of its life cycle as a fuel is problematic and results are open to debate. 
(7) Environmental impact results vary depending on whether a functional unit measures distance, 

energy or weight.  Results presented in this information sheet are based on a 5 to 10% inclusion 
rate for the biofuel and the megajoule of useful energy as a functional unit. 

 
Ethanol is the most studied sub-supply chain, followed by the ethers and methanol.  With 
regard to cellulose ethanol, incorporation of ethanol in diesel, the use of methanol as a 
fuel (fuel cell) and the use of DME, results remain weak, for two reasons: 
 
♦ relatively few studies have been carried out of these sub-supply chains; 
♦ process and technologies associated with these sub-supply chains are in the 

developmental stages, and significant uncertainties remain. 
 
In a general sense, the environmental performance of sub-supply chains that utilize 
agricultural co-products is very often more favourable than that of sub-supply chains that 
utilize dedicated agricultural products. 
 
 



3 Influencing parameters and 
areas for improvement 

_______________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Use-phase technology 
(efficiency, emissions) 

All . Ethanol 
. ETBE 
. Methanol 
. DME 

Improve efficiency and 
combustion phase 

Raw material used (co-
product, agricultural crop) 

. Resource use 

. Greenhouse effect 

. Acidification 

. Eutrophication 

. Ethanol 

. ETBE 
Encourage the use of co-
products 

Raw material used 
(isobutene)  

. Resource use 

. Greenhouse effect 
ETBE Optimize the production of 

isobutene or find another 
resource 

Production-phase 
technology (type of process 
and energy used in 
production) 

. Resource use 

. Greenhouse effect 
 

. Ethanol from corn, 
wheat and beets 
. Cellulose ethanol 
. DME 
. Methanol 

. Optimize energy 
consumption of processes, 
particularly lignocellulose 
processes 
. Use renewable energies 

Allocation of emissions 
associated with co-products 
(financial value and 
effective recovery) 

All Ethanol from grass Ensure market opportunities 
for co-products 

Fertilizer use and emissions 
from the agricultural phase 

. Resource use 

. Greenhouse effect 

. Acidification 

Ethanol and ETBE 
from beets, wheat 
and corn  

Encourage a rational 
agricultural phase 

 
 
 
 
 
 
 
 
 
 
 
 
STRONG 

Emissions allocation  
method (allocation among 
the co-products of emissions 
from the crop or product 
concerned)  

. Resource use 

. Greenhouse effect 
 

. Naphta 

. Ethanol from corn 
and grass 

- 

Infrastructure (agricultural 
production) 

. Resource use 

. Greenhouse effect 
Ethanol from wheat 
and beets 

-  
 
WEAK Carbon storage (agricultural 

phase) 
Greenhouse effect . Ethanol 

. ETBE 
- 

Type of agricultural 
production (extensive, 
intensive 
 

All All Study the effect of type of 
cultivation (extensive, 
intensive) 

 
 
INDETERMINATE 
 

Type of use (inclusion rate 
for the biofuel) 

All All Study the effect of vehicle 
performance as a function of 
biofuel inclusion rate  

 



4 Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios  X    
Reliability of studies   X   
Technological sensitivity     X 
Geographical sensitivity   X   
Consistency of results    X  
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
A certain similarity is noted among the supply chains studied.  However, not all the 
studies cover the combustion phase.  Several significant reviews were identified for this 
supply chain. 
 
Reliability is acceptable where amylaceous and sacchariferous crops are concerned, but 
fairly poor in the case of lignocellulose crops (developing technologies). 
 
The technological sensitivity makes the comparison of certain studies difficult.  
 
Satisfactory consistency of results is seen once studies are made comparable. 
 
Missing or highly uncertain data: 
 
♦ production and use (naphta, MTBE, lignocellulose supply chains, fuel cells), 
♦ use of transportation biofuels (efficiencies, emissions, etc.) at different rates, 
♦ data on Esterol (ethanol incorporated in biodiesel), 
♦ assessment of the environmental impact on the ozone layer, ecotoxicity and human 

health. 
 
 
5 Quantified assessment of 

certain indicators 
____________________________________ 
 
In the case of the ether alcohol plant supply chain, environmental gain reported in the 
various studies ranges from 0.1 to 1 MJ/MJ for consumption of primary non-renewable 
energy, and from 0.02 to 0.08 kg CO2 eq/MJ useful energy for the greenhouse effect.   
 
The gain per hectare of cultivated land ranges from 44 to 78 GJ for consumption of 
primary non-renewable energy, and from 44 to 78 GJ for the greenhouse effect. 
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 



6 Discussion 
_______________________ 
 
The ether alcohol sector is fairly well understood in terms of the cereal (wheat, corn) and 
sugar (sugar cane and sugar beet) sub-supply chains.  The lignocellulose (wood, straw, 
grass, etc.) sub-supply chains are far less well studied. 
 
The biofuel-energy conversion phase is an important parameter for the ether alcohol 
supply chain. 
 
Environmental gain in the case of lignocellulose sub-supply chains looks interesting, 
particularly since they make use of co-products that are not yet well utilized (forest 
waste, pulp and paper, agricultural and municipal co-products).  Because data are 
contradictory, this gain remains to be validated.  
 
The production of hydrogen from ethanol and methanol for fuel cells may offer an 
attractive alternative to the impact of reference fossil fuels.  However, the toxicity of 
methanol may be a constraint. 
 
Improvement in the environmental performance of ether alcohols may be possible 
through pairing with other plant supply chains (agricultural biomass, etc.). 
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Oil esters (transportation biofuels) 
 
 
Vegetable oils and their esters (VOMEs) are transportation biofuels used in varying 
proportions in diesel, either as additives (less than 5% of the blend), components (5% or 
more of the blend), or complete fuels (100%).  Vegetable oils are derived from oilseed 
crops.  Their corresponding esters are obtained by esterification of the oils with an 
alcohol (methanol). 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT BIOMASS 
(MOLECULE) 

PRIMARY USE 

A Oils Rapeseed, palm, soy, 
sunflower 

. Additive 

. Component 

. Fuel 
 

B Vegetable oil methyl 
esters (VOMEs) 

Rapeseed, palm, 
coconut, soy, sunflower 

. Additive 

. Component 

. Fuel 
REFERENCE FOSSIL FUEL SUPPLY CHAINS 

A/B Diesel - Fuel 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY4

 
Oils 

 
VOME 

Primary use Transportation 
Reference supply chain Diesel 
Consumption of non-renewable 
energy 

++1 + 

Fossil greenhouse effect ++ ++ 

Eutrophication - - - - 

Acidification - 
 

- - 

Destruction of the ozone layer - - - - 

Photochemical pollution - 0 

Terrestrial toxicity ?2 ?2

Aquatic toxicity ?3 ?2

Human health +/-3 +/-3

 
(1) Production of sunflower seed oil and soybean oil appears to have the most favourable energy 

balance. 
(2) Study results vary widely. 
(3) The studies provide few or no values for these impact categories. 
(4) The results presented in the oil esters information sheet are based a 5 to 10% inclusion rate for 

the transportation biofuel and the megajoule of useful energy as a functional unit. 
 
With regard to the “primary non-renewable energy” and “greenhouse effect” aspects, in 
the oil esters supply chain, the oil sub-supply chain is of greater interest than the VOME 
sub-supply chain. 
 
 
The most studied sub-supply chains are those represented by oil and VOME production 
from rapeseed, sunflower and soy.  With regard to oils and VOMEs derived from palm 
and coconut, results are fairly weak because of the lack of data.  
 
In a general sense, the environmental performance of sub-supply chains that utilize 
agricultural co-products is very often more favourable than that of sub-supply chains that 
utilize dedicated agricultural products. 
 
 



3 Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Use-phase technology 
(efficiency and quality of 
the combustion phase) 

All All Improve the combustion 
phase 

Production-phase 
technology (production 
process): 
1. esterification, production 
of methanol 
2. release of methane  

 
 
 
1. Resource use, 
greenhouse effect 
2. Greenhouse effect 

 
 
 
1. Rapeseed VOME 
 
2. Palm VOME 

Optimize production 
processes 

Raw material used 
(rapeseed, sunflower, palm)  

. Resource use 

. Greenhouse effect 

. Eutrophication 

VOME Encourage the most effective 
crops 

Allocation of emissions 
associated with co-products: 
financial value and effective 
recovery (pulp, cakes, 
glycerine) 

. Resource use 

. Greenhouse effect 
Rapeseed VOME Ensure market opportunities 

for co-products 

Fertilizer use and emissions 
from the agricultural phase 

. Resource use 

. Greenhouse effect 

. Acidification 

VOME Encourage a rational 
agricultural phase 

 
 
 
 
 
 
 
 
 
 
 
STRONG 

Type of use: degree of 
refining as a function of how 
the oil is used (automobile 
fuel or heat production) 

All Rapeseed oil and 
VOME 

Encourage uses that require 
the least amount of energy in 
order to make the product 
available 

Energy recovery from 
oilseed straw 

All Rapeseed VOME -  
 
WEAK Emissions allocation method 

used 
All Rapeseed VOME - 

 
INDETERMINATE 
 

Type of use (inclusion rate 
for the biofuel) 

. Resource use 

. Greenhouse effect 
All Study the effect of vehicle 

performance as a function of 
biofuel inclusion rate  

 



4 Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios  X    
Reliability of studies   X   
Technological sensitivity    X  
Geographical sensitivity   X   
Consistency of results    X  
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
A certain similarity is noted among the supply chains studied.  However, not all the 
studies cover the combustion phase.  Several significant reviews were identified for this 
supply chain. 
 
Reliability is acceptable in the case of rapeseed, soy and sunflower crops, but fairly poor 
for palm oil and coconut crops (developing technologies). 
 
The technological sensitivity makes comparison of certain studies difficult.  
 
Satisfactory consistency of results is seen once studies are made comparable. 
 
Missing or highly uncertain data: 
 
♦ agricultural-phase emissions: pesticides and N2O in the case of rapeseed and 

sunflower, respectively, 
♦ soybean farming and processing in Europe, 
♦ use of transportation biofuels (efficiencies, emissions, etc.) at different rates, 
♦ assessment of the environmental impact on ecotoxicity and human health. 
 
 



5 Quantified assessment of 
certain indicators 

____________________________________ 
 
As observed in the various studies, the environmental gain offered by the oil esters 
supply chain ranges from 0.2 to 0.9 MJ/MJ useful energy for consumption of primary 
non-renewable energy, and from 0.01 to 0.04 kg CO2 eq/MJ useful energy for the 
greenhouse effect.   
 
The gain per hectare of cultivated land ranges from 33 to 115 GJ for consumption of 
primary non-renewable energy, and from 1.7 to 8.9 GJ for the greenhouse effect. 
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
______________________ 
 
Oil esters are fairly well understood in terms of the VOME-based sub-supply chains 
(rapeseed, soy, sunflower).  The lignocellulose (wood, straw, grass, etc.) sub-supply 
chains are far less well studied. 
 
The biofuel-energy conversion phase is an important parameter for the oil esters supply 
chain. 
 
Possibilities exist for pairing of the oil esters supply chain with other plant resource 
supply chains (agricultural biomass, etc.) that could improve its environmental 
performance. 
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Forest biomass 
 
 
Energy biofuels derived from forest biomass comprise all examples of energy recovery 
from this type of biomass (production of heat, electricity etc.).  They are divided into 
three sub-supply chains: fuels from dedicated crops (short or very-short rotation coppice 
willow, eucalyptus, poplar, etc.), fuels from co-products (pellets, sawdust, etc.), and fuels 
from slash (billets, chips, etc.).  Energy recovery from waste wood is not covered in this 
study. 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT2 BIOMASS 
(MOLECULE) 

PRIMARY USE1

A Fuels from dedicated 
crops 

Short rotation coppices 
(SRC) (poplar, etc.) 

. Production of heat: 
combustion (medium to 
large scale) 
. Production of electricity: 
combustion (large scale) – 
co-combustion (large scale) - 
pyrolysis, gasification (large 
scale) 
. Production of steel: co-
combustion of charcoal 
(large scale) 

B Fuels from co-products 
(pellets, sawdust, etc.) 

Co-products from 
logging, forest 
maintenance, etc. 

. Production of heat: 
combustion (small scale) 
. Co-generation: combustion 
(medium scale) 

C Slash (billets, chips) Standing wood (oak, 
beech, softwood, etc.) 
(crown, clear cutting, 
thinning, etc.) 

. Production of heat: 
combustion (small scale) 
. Production of electricity: 
combustion (large scale) 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B/C Gas - . Production of heat (small 

scale) 
. Production of electricity 
(large scale) 

A/B/C Fuel oil - . Production of heat (small to 
large scale) 
. Production of electricity 
(large scale) 

A Coal - Production of steel (large 
scale) 

B Coal - Production of electricity 
(large scale) 

 
(1) Small scale: 1 to 300 kW: medium scale: 300 kW to 3 MW; large scale: over 3 MW. 
(2) Only one study of common industrial wastes could be included (Betz et al., 2002). 
 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY 

Fuels from 
dedicated 

crops 

 
Fuels from co-

products 

 
Slash 

Technology SRC 
(large scale) 

Pellets 
(small scale) 

Billets, chips 
(small scale) 

Chips 
(large 
scale) 

Primary use Electricity Heat Heat Heat Electricity 
Reference supply chain coal fuel oil gas fuel oil coal 
Consumption of non-renewable 
energy 

++ ++ ++ ++ ++ 

Fossil greenhouse effect ++ ++ ++ ++ ++ 

Eutrophication - - - - - n.d. 

Acidification +/- 0 - 0 n.d. 

Destruction of the ozone layer n.d. + - - + n.d. 

Photochemical pollution n.d. - - - - n.d. 

Terrestrial toxicity n.d. + ?1 + n.d. 

Aquatic toxicity n.d. + 0 + n.d. 

Human health2 n.d. +/- - - +/- n.d. 

 
(1) Study results vary widely. 
(2) Performance depends on several parameters (emissions during the combustion phase). 
 
By comparison with fossil sub-supply chains (electricity, gas, fuel oil, coal), the 
performance of the corresponding plant resource sub-supply chains (billets, chips, pellets) 
is very favourable in the “primary non-renewable energy” and “greenhouse effect” 
impact categories.  
 
With respect to the other impact categories, the performance of plant resource supply 
chains is either not well known or unfavourable, particularly in the processing and 
combustion phases.  The emission of other airborne pollutants during the combustion 
phase produces additional impacts in terms of: 
 
♦ acidification (NOx), 
♦ human health (dioxins, benzene, NOx, particulates, etc.), 
♦ photochemical pollution (VOCs). 
 
The sub-supply chain with the most favourable performance appears to be the 
simultaneous production of electricity and heat (cogeneration).  However, there are few 
in-depth studies of this sub-supply chain or of new technologies such as pyrolisis and 
gasification. 
 



3 Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Use-phase technology 
(efficiency and quality of 
the combustion phase) 

. Resource use 

. Greenhouse effect 

. Acidification 

. Human health 

All Improve the combustion 
phase 

Raw material used 
(dedicated crop, co-product) 

. Resource use 

. Greenhouse effect 
All 
 

Encourage the use of co-
products 

Agricultural practices 
(fertilizer) and emissions 
from the agricultural phase  

. Resource use 

. Greenhouse effect  
Short-rotation 
coppices 

Encourage a rational 
agricultural phase 

Transportation (shipment of 
raw materials by road)  

. Resource use 

. Greenhouse effect 
. Chips 
. Wood residues 

Reduce shipping distances 

Production-phase 
technology (performance of 
the logging equipment and 
level of mechanization) 

. Resource use 

. Greenhouse effect 
Slash (billets, chips) Improve production 

equipment performance 

Production-phase 
technology: packaging 
(plastic wrapping) 

. Resource use 

. Greenhouse effect 
Billets Improve production 

technology 

 
 
 
 
 
 
 
 
 
 
 
STRONG 

Use-phase technology (fuel 
oil for start-up of 5-30 MW 
plant) 

. Resource use 

. Greenhouse effect 
Chips Improve use technology  

(power plant start 
up/shutdown) 

Type of production: biomass 
development (industrial, 
small-scale) 

. Resource use 

. Greenhouse effect 
Chips - 

Transportation: finished 
product, by boat and train 
(long distances) 

. Resource use 

. Greenhouse effect 
Pellets - 

 
 
WEAK 

Use-phase technology: 
power and size of the 
facility (low and moderate 
power) 

. Resource use 

. Greenhouse effect 
All - 

Raw material used All Billets, charcoal Study the effect of the type of 
raw material used 

Transportation (logistics 
supply chains) 

All All Study the effect of 
transportation 

 
 
INDETERMINATE 
 

Use-phase technology (type 
of combustion technology) 

All All Study optimization of the 
conditions of energy recovery 
(combustion technology) 

 



4 Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios    X  
Reliability of studies   X   
Technological sensitivity    X  
Geographical sensitivity   X   
Consistency of results    X  
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
The wide diversity of studies reflects the diversity of the supply chain (resource, 
applications, scales).  The small-scale production of heat is the most studied sub-supply 
chain.  Knowledge of a supply chain is closely tied to the technological expertise 
associated with it.  Several significant reviews of forest biomass were identified. 
 
Reliability is fairly good in the case of small and medium-scale heating facilities, but 
relatively poor with regard to the remaining sub-supply chains (with the exception of 
energy and greenhouse effect).   
 
The technological sensitivity of the forest biomass sector is strong, particularly with 
regard to the impact of combustion on human health.  
 
Aside from energy and the greenhouse effect, consistency of results is fairly weak, except 
in the case of small and medium-scale heating facilities. 
 
Missing or highly uncertain data: 
 
♦ emissions for certain crops under European conditions (eucalyptus, SRCs, etc.), 
♦ air emissions during combustion at heating facilities (particularly VOCs, NM, 

dioxins). 
♦ data on carbon storage in forest soil, 
♦ data on (small, medium and large-scale) co-generation facilities that use fuels 

derived from forest biomass, 
♦ data on the various combustion technologies for wood-based products (pyrolysis, 

gasification, combustion, etc.), 
♦ impact of transportation activities on the supply chain, 
♦ assessment of the environmental impact in all impact categories other than energy 

and greenhouse effect. 
 
 



5 Quantified assessment of 
certain indicators 

____________________________________ 
 
As observed in the various studies, the environmental gain offered by the forest biomass 
supply chain ranges from 0.05 to 0.3 MJ/MJ useful energy for consumption of primary 
non-renewable energy, and from 0.006 to 0.045 kg CO2 eq/MJ useful energy for the 
greenhouse effect.   
 
The gain per hectare of cultivated land ranges from 33 to 161 GJ for consumption of 
primary non-renewable energy, and from 2.5 to 11.6 GJ for the greenhouse effect. 
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6  Discussion 
______________________ 
 
LCA knowledge of the forest biomass supply chain is fairly poor, with the exception of 
the “energy” and “greenhouse effect” impact categories.  The co-generation sub-supply 
chains are the least well studied.  Small-scale heat production is the most thoroughly 
studied. 
 
The biofuel-energy conversion phase is an important parameter for the supply chain. 
 
Improvement of the environmental performance of the forest biomass supply chain is 
highly dependent on technological improvement (combustion). 
 
Possibilities exist for pairing of the forest biomass supply chain with other plant resource 
supply chains (transportation biofuels, agrimaterials, etc.) that may improve its 
environmental performance. 
 
 



7  Bibliographic index 
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114 references inventoried, 75 studies identified, 9 studies selected 
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Agricultural biomass 
 
 
Energy biofuels derived from agricultural biomass comprise all examples of energy 
recovery from this type of biomass (generation of heat, electricity etc.).  They are divided 
into two sub-supply chains: fuels based on dedicated crops (short or very-short rotation 
coppice willow, eucalyptus, poplar, etc.), and fuels from co-products (pellets, sawdust, 
etc.), and fuel from slash (chips, billets, etc.).  Energy recovery from waste wood is not 
covered in this study. 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT2 BIOMASS 
(MOLECULE) 

PRIMARY USE1

A Fuels from dedicated 
crops 

Wheat, hemp, grasses 
(Bermuda grass, hay, 
reed canary grass, 
switchgrass), Chinese 
reed (Miscanthus 
sinensis), kenaf, corn, 
barley, rye, triticale 

. Production of heat: 
combustion (large scale) – 
co-combustion (large scale) 
– pyrolysis, gasification 
(large scale) 
. Production of electricity: 
combustion (large scale) – 
co-combustion (large scale) - 
pyrolysis, gasification (large 
scale) 
. Cogeneration: combustion 
(medium to large scale)  

B Fuels from co-products  Sugar cane bagasse, 
straw (wheat, rapeseed, 
barley, rye, etc.), rice 
husk, etc. 

. Production of heat: 
combustion (medium to 
large scale) – co-combustion 
(large scale) 
. Production of electricity: 
combustion (large scale) – 
co-combustion (large scale) 
– pyrolysis, gasification 
(large scale) 
- Co-generation: combustion 
(medium to large scale) 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B Gas - Production of heat: 

combustion (medium to 
large scale) 

A/B Fuel oil - Production of heat: 
combustion (medium to 
large scale)  

A/B Coal - Production of electricity: 
combustion (large scale) 

 
(1) Small scale: 1 to 300 kW: medium scale: 300kW to 3 MW; large scale: over 3 MW. 
 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 

                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY 

 
Fuels from dedicated crops 

 
Fuels from co-products 

 
 

Technology Combustion 
(med & large 

scale) 

Gasification 
(large scale) 

Co-
combustion 
(large scale) 

Combustion 
(med & large 

scale) 

Gasification 
(large scale) 

Co-
combustion 
(large scale) 

Primary use Heat Heat Electricity Heat Heat & El Electricity 

Reference supply chain gas, fuel 
oil 

gas, fuel 
oil 

coal gas, fuel oil gas, fuel 
oil 

coal 

Consumption of non-renewable 
energy 

++ ++ ++ ++ ++ ++ 

Fossil greenhouse effect ++ ++ ++ ++ ++ ++ 

Eutrophication - - n.d. - - - - n.d. - - 

Acidification - - n.d. - - n.d. 0 

Destruction of the ozone layer - - n.d. - - - - n.d. - - 

Photochemical pollution - - n.d. - - - - n.d. - - 

Terrestrial toxicity ?1 n.d. ?1 ? n.d. ?1

Aquatic toxicity ?1 n.d. ?1 ? n.d. ?1

Human health2 - - n.d. - - - n.d. ?1

 
(1) Study results vary widely. 
(2) The studies provide few or no values for these impact categories 
 
By comparison with fossil sub-supply chains, the performance of the corresponding plant 
resource sub-supply chains is very favourable in “primary non-renewable energy” and 
“greenhouse effect” impact categories.  
 
With respect to the other impact categories, the performance of plant resource supply 
chains is either not well known or unfavourable (in the processing and combustion 
phases).  In addition, less is known about these other categories than in the case of the 
forest biomass supply chain.  
 
The performance of sub-supply chains dedicated to production of electricity is more 
favourable than that of sub-supply chains dedicated to the production of heat.  However, 
in the case of the production of electricity, this result is a function of the fossil fuel 
replaced, i.e. coal.  
 



3  Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Use-phase technology 
(efficiency and quality of 
the combustion phase) 

. Resource use 

. Greenhouse effect 

. Acidification 

. Human health 

All Improve the combustion 
phase 

Use of fertilizers (containing 
nitrogen, for dedicated 
crops) 

. Resource use 

. Greenhouse effect 
Grasses, Chinese 
reed, etc. 
 

Encourage a rational 
agricultural phase 

Allocation of emissions 
associated with co-products 
(emissions from  the crop 
concerned allocated among 
the various co-products)  

. Resource use 

. Greenhouse effect  
Straw Ensure market opportunities 

for co-products 

Agricultural practices 
(extensive, intensive)  

. Resource use 

. Greenhouse effect 

. Ecotoxicity 

. Human health 

Grasses, Chinese 
reed 

Encourage a rational 
agricultural phase 

Production-phase 
technology: method of 
harvesting and management 
(ensiling, drying, etc.) 

. Resource use 

. Greenhouse effect 
Chinese reed Improve production 

technology (harvesting and 
management) 

 
 
 
 
 
 
 
 
 
 
 
STRONG 

Use-phase technology (fuel 
oil for start-up of 5-30 MW 
plant) 

. Resource use 

. Greenhouse effect 
Chips from short 
rotation coppice 

Improve use technology 
(power plant start-
up/shutdown) 

Transportation (raw 
material) 

All All Study the effect of shipping 
the raw material 

Raw material used 
(dedicated crop or co-
product)  

All All Study the effect of the type of 
raw material used 

 
 
INDETERMINATE 
 

Use-phase technology 
(power of combustion 
plants, type of combustion 
technology) 

All All Study optimization of the 
conditions of energy recovery 
(combustion technology) 

 



4  Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios     X 
Reliability of studies X     
Technological sensitivity     X 
Geographical sensitivity    X  
Consistency of results  X    
Need for further data     X 
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
The wide diversity of studies reflects the diversity of the supply chain (resource, 
applications, scales).  Knowledge of a supply chain is closely tied to the technological 
expertise associated with it.  One significant review of agricultural biomass was 
identified. 
 
With the exception of the impact on energy and the greenhouse effect, reliability is fairly 
poor (weak and diverse studies).   
 
Technological sensitivity is very strong, particularly with regard to the production of 
energy biofuels and their combustion (impact on human health).  
 
Aside from energy and the greenhouse effect, consistency of results is fairly poor. 
 
Missing or highly uncertain data: 
 
♦ impact of transportation activities on the supply chain, 
♦ impact of raw material used, 
♦ data on the growth and processing of certain energy energy biofuels (triticale, 

Chinese reed, hemp, etc.), 
♦ data on (small, medium and large-scale) co-generation facilities that use energy 

biofuels, 
♦ data on the various combustion technologies used on agricultural biomass-based 

products (pyrolysis, gasification, combustion, co-combustion, etc.) to produce heat 
and electricity, 

♦ assessment of the environmental impact in all impact categories other than energy 
and greenhouse effect. 

 
 



5  Quantified assessment of 
certain indicators 

____________________________________ 
 
As observed in the various studies, the environmental gain offered by the agricultural 
biomass supply chain ranges from 0.02 to 0.2 MJ/MJ useful energy for consumption of 
primary non-renewable energy, and from 0.01 to 0.03 kg CO2 eq/MJ useful energy for the 
greenhouse effect.   
 
The gain per hectare of cultivated land ranges from 87 to 220 GJ for consumption of 
primary non-renewable energy, and from 6.3 to 16 GJ for the greenhouse effect. 
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
_______________________ 
 
Because of the diverse nature of the agricultural biomass supply chain, LCA knowledge 
of the chain is fairly poor.  Medium-scale heat production is the most thoroughly studied 
sub-supply chain.  The co-generation sub-supply chains are the least well studied.   
 
The biofuel-energy conversion phase is an important parameter for the supply chain. 
 
Improvement of the environmental performance of the agricultural biomass supply chain 
is highly dependent on technological improvement (combustion). 
 
Possibilities exist for pairing the agricultural biomass supply chain with other plant 
resource supply chains (transportation biofuels, etc.) that may improve its environmental 
performance. 
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Biopolymers 
 
 
Biopolymers are natural polymers from renewable plant, algae or animal sources.  These 
polymers are grouped into three main families: polysaccharides (starch, cellulose, 
chitosan, pullulan), proteins (collagen, gelatine, casein, etc.) and lignin.  They can also be 
produced by industrial synthesis processes (polymerization) from natural monomers or 
monomers that are identical to natural monomers.  This study covers only biopolymers 
from the plant resource supply chain.   
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT2 BIOMASS 
(MOLECULE) 

PRIMARY USE1

A Natural polymers . Cereals (starch) 
. Potato (starch) 

Cushioning material 

B Mixed polymers 
(produced from 
biopolymers and 
polymers from 
petrochemical sources) 

. Corn (starch) 

. Potatoes (starch) 

. Wood (lignin)1

. Cushioning material 

. Compostable bags 

. Films 

. Printed circuits 

C Synthetic biopolymers: 
lactic acid polymers 
(PLA) 

. Cereals (starch) 

. Corn (starch) 
. Packaging 
. Milk bottles 
. Baby diapers 

D Bacterial polymers: 
polyhydroxyalkanoates 
(PHA)2

Corn residues or seeds 
(starch) 

. Polyethylene (PE) 
replacement in numerous 
products 
. Packaging in the food 
sector 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B/C/D . Polyethylene (PE): low 

and high-density 
polyethylene (LDPE, 
HDPE) 
. Polyethylene 
terephthalate (PET) 

- . Packaging 
. Films 
. Baby diapers 

A/B Polystyrene (PS): 
expanded polystyrene 
(EPS) 

- Cushioning material  

B Epoxy/dicyandiamide - Printed circuits 
 
(1) Co-products of paper manufacturing. 
(2) Developing supply chain. 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY7

 
Natural 

polymers 

 
Mixed polymers 

 
Synthetic 

biopolymers1

 
Bacterial 
polymers1

Primary use Cushioning 
material 

Cushioning material, 
bags, films, printed 

circuits 

Packaging, 
bottles, 
diapers 

Packaging 

Reference supply chain EPS EPS, PS, 
epoxy/dicyandiamide 

PE and PP PE 

Consumption of non-renewable 
energy 

+2, ++ +, ++3 +/-4 +/- 

Fossil greenhouse effect +2, ++ +, ++3 +/-4 +/- 

Eutrophication +/-2 +/- - +/- 

Acidification - - - - n.d. 

Destruction of the ozone layer 0 0 - n.d. 

Photochemical pollution ? ? - n.d. 

Terrestrial toxicity n.d. n.d. n.d. n.d. 

Aquatic toxicity n.d. n.d. n.d. n.d. 

Human health n.d. n.d. n.d. n.d. 

 
(1) A number of studies compare conventional products with products of the plant resource supply 

chain on the basis of the kilogram rather than on the basis of a functional unit.   
(2) Depending on the key parameters and the raw materials used to produce the conventional 

product, the environmental performance can also be unfavourable in the case of cushioning 
material derived from the plant resource supply chain (Würdinger et al., 2002). 

(3) In terms of non-renewable energy and greenhouse gases, the performance of films derived from 
the plant resource supply chain compares very favourably with that of conventional products. 

(4) The most recent study, which was conducted by Cargill Dow, a producer of lactic acid polymers, 
shows a gain in the "energy" and "greenhouse effect" impact categories (Vink, 2003).  However, 
the study on PLA-based diapers reports a greater environmental impact in all impact categories 
for the product derived from the plant resource supply chain (Hakala et al., 1997).   

 
Except in the case of bacterial polymers, studies report positive performances for plant 
resource sub-supply chains as compared with corresponding fossil sub-supply chains (PE, 
PS, epoxy/dicyandiamide).  
 
In certain impact categories, performance is: 
 
♦ not defined because of a lack of data or because of conflicting data (ecotoxicity, 

human health), or 
♦ unfavourable for plant resource supply chains, in impact categories related to 

agricultural production-phase emissions (e.g. eutrophication). 
 
Of all the sub-supply chains studied, the performance of natural polymers compares the 
most favourably with that of the reference fossil supply chains. 



3  Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Raw material used 
(dedicated crop or co-
products, crop yield) 

All . Lignin 
. PHA 
. Cushioning material 

Encourage co-products or 
high-yield crops 

Choice of functional unit 
(quantity of material used 
per functional unit as 
compared with conventional 
products) 

All Cushioning material 
 

- 

Production-phase 
technology (source of 
electrical power for 
biopolymer production) 

. Resource use 

. Greenhouse effect  

. Ecotoxicity 

. Human health 

. Biopolymers and 
fibres 
. Cushioning material 
. PLA 

Reduce production-phase 
energy consumption 

Type of end-of-life recovery 
(recycling, composting, 
incineration, landfilling) and 
substitution-related 
assumptions (electricity, 
heat, fertilizer, raw material) 

All All Ensure that end-of-life 
recovery is appropriate 

Agricultural practices 
(intensive, extensive) 

All All Encourage a rational 
agricultural phase 

 
 
 
 
 
 
 
 
 
 
 
STRONG 

Agricultural-phase 
emissions (fertilizer used for 
corn cultivation) 

. Destruction of the ozone 
layer 
. Eutrophication 
. Acidification 

PLA, products 
derived from corn 

Encourage a rational 
agricultural phase 

WEAK Biodegradability . Ecotoxicity 
. Human health 

Products that are not 
environmentally 
degradable 

- 

 
INDETERMINATE 
 

Allocation of emissions 
associated with co-products 

All - Study the co-products and 
ensure their market 
opportunities 

 



4  Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios     X 
Reliability of studies   X   
Technological sensitivity     X 
Geographical sensitivity  X    
Consistency of results    X  
Need for further data   X   
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
The diversity of studies reflects the diversity of the supply chain (production processes, 
products).  One significant review of biopolymers was identified. 
 
Reliability is moderate for all studies (incomplete, lack of objectivity, technological 
development).  Only one source is used for the reference fossil supply chains. 
 
Technological sensitivity is strong, making it difficult to compare certain studies with 
reference fossil supply chains.  
 
Consistency of results is reasonably satisfactory on a per kilogram biopolymer basis.  
However, few comparisons are available on a functional unit basis (results open to 
distortion). 
 
Missing or highly uncertain data: 
 
♦ production and use of polyvinyl alcohol, 
♦ data on the various end-of-life supply chains for biopolymers (incineration, 

recycling, composting, landfilling) in the case of synthetic and bacterial polymers, 
♦ environmental impact assessment, based on the correct functional unit (weight 

differences, etc.), 
♦ assessment of the environmental impact on eutrophication, acidification, destruction 

of the ozone layer, photochemical pollution, ecotoxicity and human health. 
 
 



5  Quantified assessment of 
certain indicators 

____________________________________ 
 
As observed in the various studies, the environmental gain offered by the biopolymer 
supply chain is approximately 55 MJ/MJ per kilogram of natural polymer pellets for 
consumption of primary non-renewable energy, and approximately 3.5 kg eq CO2/kg for 
the greenhouse effect.  In the case of mixed polymers, the gain decreases in proportion to 
fossil material content.  Not all available LCA studies report gains in the case of synthetic 
and bacterial polymers.   
 
The gain per hectare of cultivated land ranges from 39 to 525 GJ (1.9 and 34 t CO2 eq/ha, 
respectively), except for synthetic polymers and bacterial polymers.  Certain studies of 
these polymers estimate a higher consumption of primary non-renewable energy and a 
greater potential greenhouse effect than in the case of conventional fossil products. 
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
______________________ 
 
LCA knowledge of the biopolymer supply chain is moderate (strong diversity, 
uncertainties).  The synthetic and bacterial sub-supply chains are the least well studied.   
 
The natural polymer sub-supply chain has the best environmental performance in terms 
of energy and greenhouse effect. 
 
End-of-life recovery of biopolymers and the choice of products replaced are important 
parameter for the supply chain. 
 
Biopolymer biodegradability can be an asset or a liability, depending on the end-of-life 
option chosen for the product. 
 
Development of biopolymers must not interfere with the recycling of their fossil 
counterparts. 
 
Despite the uncertainties revealed, the studies analysed show that the environmental 
performance of biopolymers is favourable relative to that of petrochemical supply chains.  
Given the rapid development of the biopolymer supply chain, future environmental gains 
may be more significant thanks to mass production and improved production 
technologies. 
 
 



7 Bibliographic index 
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Surfactants 
 
 
Surfactants are amphiphilic biomolecules that possess emulsifying, softening, wetting or 
detergent characteristics, depending on their structure.  The lipophile group can come 
from oleochemical raw materials derived from rapeseed, sunflower or palm plants.  The 
hydrophilic component can come from co-products of the starch or sugar industries 
(sugar beets, derivatives of corn or other grain crops). 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT2 BIOMASS 
(MOLECULE) 

PRIMARY USE1

A Surfactants derived from 
coconut oil 
. Alcohol sulphate (AS) 
. Alcohol ethoxylate 
sulphate (AES) 
. Alcohol ethoxylate 
(AE) 
. Alkyl polyglucoside 
(APG) 

. Coconut (coconut oil) 
(CNO) 
. Corn (glucose) 

Washing and cleaning, 
chemical processes, etc. 

B Surfactants derived from 
palm oil 
. Alcohol sulphate (AS) 
. Alcohol ethoxylate 
sulphate (AES) 
. Alcohol ethoxylate 
(AE) 
. Alkyl polyglucoside 
(APG) 

. Palm (palm oil) (PO) 

. Palm (palm kernel oil) 
(PKO) 
. Corn (glucose) 

Washing and cleaning, 
chemical processes, etc. 

C Surfactants derived from 
rapeseed oil: Alcohol 
ethoxylate (AE) 

Rapeseed (oil) Washing and cleaning 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B/C Petrochemical (Pc) 

surfactants: 
. Linear alkylbenzene 
sulphonate (LAS) 
. Alcohol sulphate (AS) 
. Alcohol ethoxylate 
sulphate (AES) 
. Alcohol ethoxylate 
(AE) 
. Soap 
. Secondary alkane 
sulphonate (SAS) 

- Washing and cleaning, 
chemical processes, etc. 

 
(1) Because studies were based on weight (kilogram) rather than surfactant property, only the following 
combinations can be used to compare the various surfactants (Stalmans et al., 1995): 
 
. AS-PKO, AS-CNO, AS-Pc 



. AE3-PKO, AE3-CNO, AE3-Pc 

. AE7-PKO, AE7-CNO, AE7-Pc 

. AE3S-PKO, AE3S-CNO, AE3S-Pc 

. APG-PKO, APG-CNO, APG-Pc 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY7

Surfactants 
derived from 
coconut oil 

(CNO) 

 
Surfactants derived 
from palm oil (PO) 

 
Surfactants derived 
from rapeseed oil1  

Primary use Washing and cleaning 
Reference supply chain Fossil surfactants 
Consumption of non-renewable 
energy 

++ ++ + 

Fossil greenhouse effect ++ ++ + 

Eutrophication ?2 ?2 - - 

Acidification +3 +3 03

Destruction of the ozone layer n.d. n.d. n.d. 

Photochemical pollution 03 03 03

Terrestrial toxicity 03 02 - -3

Aquatic toxicity +3 03 - -3

Human health +/-3 +/-3 ?3

 
(1) This column presents the results of a single study (MAFF, 1999).   
(2) Study results are conflicting (Keller et al., 1996) (MAFF, 1999). 
(3) Weak data. 
 
By comparison with petrochemical surfactants, in the "non-renewable primary energy" 
and "greenhouse effect" impact categories, the performance of plant resource sub-supply 
chains is generally favourable.  However, performance in the other impact categories is 
not defined because of either: 
 
♦ a lack of data, or 
♦ conflicting data, specifically data on the three toxicity impact categories (human, 

terrestrial, aquatic). 
 
Comparison among the sub-supply chains is difficult and delicate because the three 
available LCA studies are not based on functional units that reflect the function of 
surfactants (quantities used, etc.).  
 



3  Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Raw material used (coconut 
oil, palm oil, rapeseed) 

. Resource use 

. Greenhouse effect 

. Eutrophication 

All Optimize the choice of raw 
material 

Production-phase 
technology (source of 
energy for production of oil: 
co-products of the 
production of oil or fossil 
resource) 

. Resource use 

. Greenhouse effect 
Surfactants for which 
co-products of crops 
can be used as energy 
sources 
 

Encourage the use of co-
products as energy sources 
for the production phase 

Agricultural-phase 
emissions (use of fertilizers 
and plant protection 
products) 

. Resource use 

. Greenhouse effect 
Pesticides for the 
production of 
vegetable oils 

Encourage a rational 
agricultural phase 

 
 
 
 
 
 
 
 
 
STRONG 

Production-phase 
technology: procedures 
involved in the production 
and extraction of vegetable 
oils (size of the facility) 

Greenhouse effect Palm oils (methane 
emitted during 
anaerobic digestion) 

Recover the methane emitted 
during production 

WEAK Transportation (raw 
materials) 

. Resource use 

. Greenhouse effect 
All - 

Performance and quantity of 
surfactants used per 
functional unit, as compared 
with conventional products 

All All (depending on the 
application and the 
interaction with the 
other components of 
the final product) 

Improve the intrinsic 
performance of surfactants 

 
 
 
INDETERMINATE 
 

Agricultural practices 
(sustainable farming 
practices, specifically palms 
in Asia) 

- Palm or coconut oil-
based surfactants 

Study the effect of sustainable 
agriculture in producing 
regions 

 



4  Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios X     
Reliability of studies   X   
Technological sensitivity    X  
Geographical sensitivity   X   
Consistency of results   X   
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
All the studies were based on the same inventory, conducted in 1995.  No significant 
reviews were identified for this supply chain. 
 
Reliability is moderate because of the single source of data, which was provided by the 
producers. 
 
Technological sensitivity is linked to oil extraction.  
 
The consistency of results reflects the fact that the vast majority of the studies are based 
on the same basic data, i.e. the 1995 inventory. 
 
Missing or highly uncertain data: 
 
♦ update of the inventory published in 1995, 
♦ integration of use and end-of-life phases into the LCA studies,  
♦ study of the sustainability of oil-palm farming (deforestation, etc.), 
♦ assessment of environmental impact in all impact categories. 
 
 



5  Quantified assessment of 
certain indicators 

____________________________________ 
 
As observed in the various studies, the environmental gain offered by the surfactant 
supply chain is approximately 30 MJ/kg for consumption of primary non-renewable 
energy, and approximately 2 kg CO2 eq/kg for the greenhouse effect.  Surfactants derived 
from palm oil are an exception, providing up to ten times more gain because of superior 
per hectare yield.   
 
Similarly, while the gain per hectare of cultivated land ranges from 18 to 44 GJ for 
consumption of primary non-renewable energy, and from 0.3 to 2.8 t CO2 eq for the 
greenhouse effect, it can be ten times higher in the case of palm oil-based surfactants.   
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
_______________________ 
 
Only three studies cover the complete surfactant life cycle (use and end-of-life, in 
particular).  In addition, LCA data for this supply chain are based on a single source 
(Hirsinger et al., 1995 - Stalmans et al., 1995).   
 
A functional-unit-based comparison is essential. 
 
In contrast to the other plant resource supply chains, surfactant technology is well 
developed. 
 
LCA analyses of this supply chain can be based on studies conducted for other plant 
resource supply chains that also utilize vegetable oils (lubricants and hydraulic fluids, 
solvents, oil esters). 
 



 
7 Bibliographic index 
_______________________________ 
 
26 references inventoried, 13 studies identified, 6 studies selected 
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REFEREE
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Lubricants and hydraulic fluids 
 
 
Lubricants include biomolecules that possess lubricating properties, i.e. the capacity to 
reduce friction and wear, to make a surface smooth and to prevent adherence to it, i.e. to 
improve the performance of an apparatus.  Hydraulic fluids are related to this category.  
Lubricants and hydraulic fluids are generally obtained from oleochemical raw materials 
derived, for example, from rapeseed. 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT2 BIOMASS 
(MOLECULE) 

PRIMARY USE1

A Plant-based lubricants 
and hydraulic fluids  

. Rapeseed (seeds) 

. Coconut (coconut oil) 

. Corn (seeds) 

. Lubricant for chainsaw 
chains 
. Hydraulic fluid for forestry 
machines and road-cleaning 
vehicles 
. Metallurgy (fluid for metal 
working) 

B . Mixed hydraulic fluids 
. Synthetic esters 
(petrochemical 
component: synthetic 
polyalcohol - polyol) 

Rapeseed (seeds) Hydraulic fluid for forestry 
machines 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B Mineral lubricants and 

hydraulic fluids 
- . Lubricant for chainsaw 

chains 
. Hydraulic fluid for forestry 
machines and road-cleaning 
vehicles 
. Metallurgy (fluid for metal 
working) 

 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY7

 
Rapeseed 
oil-based 

lubricants 

 
Plant-based hydraulic fluids 

 
Mixed 

hydraulic 
fluids  

Primary use Chainsaw 
chains 

Road cleaning 
vehicles4&3

Forestry 
machines 

(cutting and 
transportation) 

Forestry 
machines 

Reference supply chain Petrochemical-based lubricants and hydraulic fluids 
Consumption of non-renewable 
energy 

++ 0 ++ ++ 

Fossil greenhouse effect ++ 0 ++ + 

Eutrophication - -1 0 - - n.d. 

Acidification 01 0 2 +3

Destruction of the ozone layer 03 0 03 n.d. 

Photochemical pollution 01 0 - - n.d. 

Terrestrial toxicity n.d. 0 0 n.d. 

Aquatic toxicity n.d. n.d. n.d. n.d. 

Human health n.d. 0 0 n.d. 

 
(1) The assessment is based on English data.  The study also presents findings on mineral lubricants 

based on Danish data, which give results that are 55 to 80% lower. 
(2) The results of the two studies are conflicting. 
(3) The assessment is based on only one study. 
(4) The functional unit comprises the entire life cycle of a road-cleaning vehicle that consumes very 

little hydraulic fluid (154 litres over four years).  As a result, the environmental impact is 
essentially the same whether plant-based or mineral hydraulic fluids are used. 

 
Plant-based lubricants used in open systems (e.g. chainsaw chains) seem to offer the 
greatest environmental benefit.  However, available LCA studies do not provide any 
information on impacts in terms of terrestrial or aquatic toxicity or human health.   
 



3  Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Choice of functional unit 
(quantities of lubricant used 
per functional unit) 

All In comparison with 
mineral lubricant, 40% less 
vegetable lubricant for the 
same volume of wood cut 
with chainsaws 

Improve intrinsic 
performance for a given 
quantity 

Useful life All Triglyceride hydraulic 
fluids based on rapeseed 
oil (higher frequency of 
replacement than mineral 
hydraulic fluids) 

Extend useful life 

Choice of allocation method 
(co-products of the 
production of rapeseed; no 
allocation; mass, financial or 
energy-based allocation) 

. Resource use 

. Greenhouse effect 

. Terrestrial and aquatic 
toxicity 
. Eutrophication 

. Rapeseed-based 
lubricants for chainsaw 
chains 
. Vegetable oil 

- 

Loss of lubricant and 
hydraulic fluids into the 
environment 

. Terrestrial toxicity 

. Aquatic toxicity 
Lubricants and hydraulic 
fluids 

Reduce direct emissions 
into the environment 

 
 
 
 
 
 
 
 
 
STRONG 

Production process and 
method (oil extraction, local 
or centralized pressing) 

. Greenhouse effect 

. Photochemical pollution 
Rapeseed oil Optimize the production 

process 

WEAK Transportation of raw 
materials and the finished 
product 

. Energy 

. Greenhouse effect 
Rapeseed oil - 

Type of raw material used 
(sunflower, rapeseed) 

- All Study the effect of the 
type of raw material 
used 

 
 
INDETERMINATE 
 Use-phase technology 

(reduction of leaks during 
use) 

All Hydraulic fluids Study the effect of 
losses into the 
environment 

 



4  Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios   X   
Reliability of studies  X    
Technological sensitivity     X 
Geographical sensitivity   X   
Consistency of results  X    
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
No significant reviews were identified for this supply chain. 
 
Reliability is fairly weak because few external reviews are available and studies are 
sometimes incomplete. 
 
Technological sensitivity is very strong (fluid losses, production processes, product 
performance and useful life); geographical sensitivity is moderate (agricultural phase).  
 
Consistent results are seen in the case of the "primary non renewable energy" and 
"greenhouse effect" impact categories.  Consistency is much less evident in the other 
impact categories. 
 
Missing or highly uncertain data: 
 
♦ quantities of vegetable products needed to replace fossil solvents (with the same 

function), 
♦ data on lubricant and hydraulic fluid additives,  
♦ data on hydraulic oils and fluids based on mixtures of esters obtained from oleic 

sunflower oil, 
♦ data on systems that release significant direct emissions into the environment 

(losses),  
♦ assessment of the environmental impact in terms of eutrophication, destruction of 

the ozone layer, photochemical pollution, ecosystem toxicity and human health. 
 
 



5  Quantified assessment of 
certain indicators 

____________________________________ 
 
As observed in the various studies, the environmental gain offered by the lubricants and 
hydraulic fluids supply chain is approximately 35 MJ/kg for consumption of primary 
non-renewable energy, and approximately 2.5 kg CO2 eq/kg for the greenhouse effect.   
 
The gain per hectare of cultivated land ranges from 44 to 95 GJ for consumption of 
primary non-renewable energy, and from 1.7 to 6.8 t CO2 eq for the greenhouse effect.   
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
_______________________ 
 
LCA knowledge of lubricants and hydraulic fluids is poor because no analysis of this 
type has been conducted of the most recently developed products (mixtures of esters 
obtained from oleic sunflower oil with additives that improve fluid stability).  
 
Conditions of use, allocation of co-product emissions and quantities needed are important 
parameters for this supply chain. 
 
LCA analyses of the lubricants and hydraulic fluids supply chain can be based on studies 
conducted for other plant resource supply chains that also utilize vegetable oils 
(surfactants, solvents, oil esters, etc.). 
 



 
7 Bibliographic index 
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Solvents 
 
 
Solvents are biomolecules with properties that enable them to dissolve, suspend or extract 
other substances without causing chemical changes in either the substances or 
themselves.  Most solvents are derived from vegetable oils or their esters (VOME from 
rapeseed, sunflower, soy, etc.), or from esters of fermentation-derived organic acids 
(acetic, citric, lactic, etc.). 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT2 BIOMASS 
(MOLECULE) 

PRIMARY USE1

A . Detergents and 
degreasing agents 
. Methyl esters (RME)  

. Rapeseed (oil) Cleaning and degreasing in 
the metallurgy industry 

B . Detergents and 
degreasing agents 
. Ethylhexyl laurate 
(EHL) 

. Coconut (oil) Cleaning and degreasing in 
the metallurgy industry 

C Inks (solvents in 
lacquers) 

. Soy (oil) 

. Wood (tall oil rosin) 
Lithographic printing (sheet-
fed) 

D Inks (black and colour) . Rapeseed (oil) 
. Soy (oil) 

Graphics industry 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B Solvents (mixture of 

dearomatized C10-C12 
hydrocarbons) 

- Cleaning and degreasing in 
the metallurgy industry 

D Classic inks (black and 
colour) 

- Graphics industry 

 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY7

 
RME 

detergent1

 
EHL 

detergent1

 
Rapeseed

-based 
black 
ink1

 
Soy-based 
black ink1

 
Rapeseed-

based 
colour ink1

 
Soy-based 

colour 
ink1

Primary use Cleaning and degreasing in the 
metallurgy industry 

Printing in the graphics industry 

Reference supply chain Classic solvents 
(mixture of dearomatized C10-C12 

hydrocarbons) 

Classic inks 

Consumption of non-renewable 
energy 

++ ++ ++3 ++3 ++3 ++3

Fossil greenhouse effect 02 ++2 ++ ++ ++ ++ 

Eutrophication - - 0 - - - - - - - - 

Acidification 0 + ++ ++ ++ ++ 

Destruction of the ozone layer ++ ++ ++ ++ ++  ++ 

Photochemical pollution ++ ++ n.d. n.d. n.d. n.d. 

Terrestrial toxicity - n.d. - -4 - -4 - -4 - -4

Aquatic toxicity - - - - - -4 - -4 - -4 - -4

Human health + ++ ++ ++ ++ ++ 

 
(1) The comparison with the conventional supply chain is based on only two LCA studies (first and 

second column: Vollebregt et al., 1999; columns three to six: Rafenberg et al., 1998).  
(2) In terms of the greenhouse effect, the performance of rapeseed methyl esters (RMEs) is much less 

favourable than that of ethylhexyl laurate (EHL).  This can be partly accounted for by CO2 from 
tillage emissions and N2O emissions from rapeseed. 

(3) Impact category results: resource use. 
(4) The two impact categories are combined in one: ecotoxicity. 
 
Few studies have examined the production of solvents via the plant resource supply 
chain, although the rapeseed data set is the most complete in existence.   
 



3  Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Choice of functional unit 
(quantity used per functional 
unit in comparison with 
conventional products) 

All All Improve intrinsic 
performance of the 
vegetable solvent 

Raw material used 
(rapeseed, coconut) 

. Resource use 

. Ecotoxicity 

. Eutrophication 

. Acidification 

. Detergents and 
degreasing agents 
. Black and colour ink 

- 

Allocation of emissions 
associated with co-products 

All Co-products of the 
production of rapeseed oil 

Ensure market 
opportunities for co-
products 

Production-phase 
technology (e.g. oil 
extraction) 

. Resource consumption 

. Summer smog 

. Toxicity 

Oil and coconut-based 
products 

Improve the oil-
extraction phase 

Agricultural-phase 
emissions (fertilizer 
production and use) 

. Resource use 

. Greenhouse effect 

. Acidification 

Methyl esters Encourage a rational 
agricultural phase 

 
 
 
 
 
 
 
 
STRONG 

Agricultural practices 
(conventional tillage, 
reduced tillage, no till) 

. Resource use 

. Ecotoxicity 

. Eutrophication 

Soy for vegetable inks Improve agricultural 
practices 

WEAK Transportation Resource use All - 

Type of end-of-life recovery 
(recycling could have a 
significant impact on the 
performance of vegetable 
oils) 

. Greenhouse effect 

. Ecotoxicity 

. Human toxicity- 

All Ensure that end-of-life 
recovery is appropriate 
and effectively 
implemented 

Production-phase 
technology: change in 
product composition (partial 
replacement of tall oil resin 
with soy oil) 

. Destruction of the ozone 
layer 
. Resource use 
. Ecotoxicity 
. Eutrophication 

Soy-based inks Replace tall oil resin 
with soy oil 

 
 
 
 
INDETERMINATE 
 

Products replaced . Greenhouse effect 
. Ecotoxicity 
. Human health 

All products Replace solvents that 
have the greatest 
environmental impact  

 



4  Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios  X    
Reliability of studies  X    
Technological sensitivity    X  
Geographical sensitivity   X   
Consistency of results  X    
Need for further data    X  
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
Very few studies are available on this supply chain.  No significant reviews were 
identified. 
 
Very little quantitative data is available, and the reliability of studies is difficult to assess. 
 
Technological sensitivity is strong in the case of ethylhexyl laurate derived from coconut 
oil. 
 
The consistency of results cannot be assessed because the number of LCA studies 
available is insufficient. 
 
Missing or highly uncertain data: 
 
♦ quantities of vegetable products needed to replace fossil solvents (with the same 

function), 
♦ emissions from inputs to vegetable solvent production processes,  
♦ solvent emissions during the use phase, 
♦ emissions associated with solvent end of life, 
♦ complete assessment of various solvents derived from the plant resource supply 

chain, as well as their optimized fossil counterparts (e.g., reduction of quantities 
used), 

♦ assessment of the environmental impact in terms of photochemical pollution and 
ecotoxicity. 

 
 



5  Quantified assessment of 
certain indicators 

____________________________________ 
 
A single study presents results in absolute terms for two solvents.  The environmental 
gain observed ranges from 34 to 51 MJ/kg for consumption of primary non-renewable 
energy. 
 
The environmental gain offered by the solvents supply chain per hectare of cultivated 
land ranges from 20 to 78 GJ for consumption of primary non-renewable energy.  The 
gains achieved are essentially of the same order of magnitude as those associated with the 
transportation biofuel, lubricant and hydraulic fluid and surfactant supply chains.  
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
______________________ 
 
LCA knowledge of the solvent supply chain is poor and applications are very diverse.  
 
A functional-unit-based comparison (conditions of use and quantities required) is 
essential. 
 
LCA studies of solvents can be based on studies of other plant resource supply chains 
(surfactants, lubricants, oil esters/transportation biofuels) because these products are 
derived from the same vegetable oils. 
 
The impact of fossil solvents can be reduced through the use of other solvents not derived 
from the plant resource supply chain (e.g., water-based paints instead of paints containing 
organic solvents). 
 



 
7 Bibliographic index 
_______________________________ 
 
9 references inventoried, 6 studies identified, 3 studies selected 
 

TITLE DATE SOURCE MANDATED BY CONDUCTED 
BY 

REFEREE
D 

TOLLE D.A., EVERS 
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LCA, vol. 5, n°6, pp. 374-
384. 

. Iowa Soybean 
Promotion Board 
. Illinois Soybean 
Checkoff Board 
(U.S.A.) 

Battelle, 
U.S.A. 

No 

RAFENBERG C., 
MAYER E., Life cycle 
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Université de 
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Environnement, 
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of cleaning products in 
the metal industry - a 
comparison between 
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acid esters 
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TERWOERT J., LCA of 
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industry 
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University of 
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Chemical and other intermediates 
 
Sealant, 1,4-butanediol (BD), methyl ethyl hydroxyethyl cellulose (MEHEC) 
 
Chemical intermediates are biomolecules that have no specific final use, but are involved 
in the production of a number of chemical products that do have a clearly defined final 
use.  “Other” intermediates include biomolecules that are not surfactants, nor are they 
lubricants, solvents or chemical intermediates.  This category includes various products, 
including binders and additives. 
 
 
1 Characteristics of the supply chain 
______________________________________________ 
 

PLANT SECTOR 
(FOSSIL SOURCE 

REPLACED) 

PRODUCT BIOMASS 
(MOLECULE) 

PRIMARY USE 

A Binder Flax (seed) UV-hardening binder 
(additive-free lacquer) for 
flat surfaces 

B Lacquer Flax (seed) Protective layer for outside 
surfaces 

C 1,4-butanediol (BD) Corn (seed) Synthesis of various 
chemical products 

D MEHEC (methyl ethyl 
hydroxyethyl cellulose) 

Wood (cellulose) Additive for cementing 
materials 

REFERENCE FOSSIL FUEL SUPPLY CHAINS 
A/B Sealant (50% 

tripropyleneglycoldiacrylate 
- TPGA - and 50% 
bisphenol-A-
diglycidetheracrylate - 
DGEABA) 

- Binder 

C 1,4-butanetiol (BD) - Synthesis of various 
chemical products  

 
 



 
2 Environmental impacts – 

Plant vs. fossil 
_____________________________________ 
 
 
                              
                                         PRODUCTS 
 
IMPACT  
CATEGORY7

 
Linseed oil-based binder1

 
1,4-butanediol containing 
glucose derived from corn 

(BD)1

Primary use Lacquer Synthesis of various chemical 
products 

Reference supply chain Petrochemical products 
Consumption of non-renewable 
energy 

++ n.d. 2

Fossil greenhouse effect ++ ++ 

Eutrophication n.d. 0 

Acidification n.d. - - 

Destruction of the ozone layer n.d. n.d. 

Photochemical pollution n.d. - - 

Terrestrial toxicity n.d. ++ 

Aquatic toxicity n.d. - - 

Human health:   

     . by inhalation n.d. - - 

     . carcinogenic n.d.  ++ 

 
(1) Only one study is available that compares products of the plant resource supply chain with 

conventional products for these sub-supply chains.  
(2) Consumption of non-renewable energy is not detailed in the study (Vignon et al., 1996).  

According to the authors, the plant-based supply chain offers no advantage from the point of view 
of total energy consumption.  More electricity is required to product glucose-based BD than 
fossil-based BD.  However, this does not explain why the ratio of carbon dioxide emissions to 
energy is exceptionally high for the petrochemical scenario, but of the same order of magnitude as 
in other similar LCA studies for the plant scenario.  It is very possible that the inventory 
overestimates the carbon dioxide emissions or underestimates energy consumption. 

 
Because of the few studies available and the wide range of chemical and other 
intermediates, it is not possible to compare the plant sub-supply chains and identify the 
best one in terms of environmental impact.  
 



3  Influencing parameters and 
areas for improvement 

________________________________________ 
 

INFLUENCE OF 
PARAMETER 

PARAMETER CORRESPONDING 
IMPACT CATEGORIES 

PRODUCT 
CONCERNED 

AREAS FOR 
IMPROVEMENT 

Production-phase 
technology (consumption of 
electricity and preparation of 
the oil for synthesis of 1,4-
butanediol) 

. Resource use 

. Greenhouse effect 
Preparation of the oil 
accounts for 
approximately one 
quarter of the energy 
consumed in the 
synthesis of 1,4-
butanediol 

- 

Agricultural practices 
(making fertilizer available) 

. Resource use 

. Greenhouse effect 
1,4-butanediol (40% of 
the consumption required 
for the production of 
corn) 

Encourage a rational 
agricultural phase 

Raw material (corn) . Resource use 
. Greenhouse effect 

1,4-butanediol - 

 
 
 
 
 
 
 
STRONG 

Type of production (local or 
centralized pressing of the 
oil) 

. Resource use 

. Greenhouse effect 
Binders 
Lacquers 

- 

Choice of functional unit 
(quantity of product used 
per functional unit) 

All - - 

Raw material used All Rapeseed oil and VOME  - 

Products replaced . Resource use 
. Greenhouse effect 
. Photochemical pollution 
. Human health 

Lacquers - 

 
 
 
 
INDETERMINATE 
 

Type of end-of-life recovery All - - 

 



4  Quality of studies selected 
_____________________________________ 
 
 
Range of scenarios     X 
Reliability of studies X     
Technological sensitivity      
Geographical sensitivity      
Consistency of results      
Need for further data     X 
  

 
 
Very weak 

 
 
 
Weak 

 
 
 
Moderate 

 
 
 
Strong 

 
 
 
Very Strong 

 
The very wide diversity of studies reflects the diversity of the supply chain.  No 
significant review was identified of the chemical and other intermediates supply chain. 
 
Reliability of LCA data is very poor (partial studies, few critical reviews, studies 
containing inconsistencies in energy and greenhouse-gas performances, etc.).  
 
Missing or highly uncertain data: 
 
♦ assessment of the environmental impact of plant product-based chemical 

intermediates in terms of all impact categories. 
 



5  Quantified assessment of 
certain indicators 

____________________________________ 
 
The few studies identified for this supply chain do not reflect its diversity.  However, as 
observed in the studies, the environmental gain offered is 50% greater per kilogram of 
product for consumption of non-renewable energy and for the greenhouse effect.   
 
It is difficult to compare the various products of the chemical and other intermediates 
supply chain because the available LCA studies are not based on functional units that 
reflect the function of the products in question.  
 
In the other impact categories, either few quantitative values are provided in the studies, 
or results are contradictory and therefore not presented in a quantified manner. 
 
 
6 Discussion 
_______________________ 
 
The chemical and other intermediates supply chain is very heterogeneous and LCA 
knowledge of it is poor.   
 
Not enough information is available to permit identification of general trends or trends 
associated with individual sub-supply chains. 
 
Where the few products studied are concerned, the environmental impact in the various 
impact categories seems to follow trends similar to those of the other plant-based supply 
chains.  The chemical and other intermediates supply chain does offer benefits in terms of 
the consumption of non-renewable energy and greenhouse gas emissions.  As far as the 
other impact categories are concerned, results are not sufficiently reliable or well 
documented to permit identification of trends. 
 



 
7 Bibliographic index 
_______________________________ 
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