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1 Publishable summary 
The selection of the renewable feedstock for the synthesis of binders, alternative to formaldehyde-based 
binders for wood board production, must address the two important issues: 

 similar or lower cost in use than incumbent alternatives to formaldehyde free solution, 
 large availability. 

These two characteristics seem somewhat related: a product largely available can be considered as commodity 
and then its cost should be low; in reality largely available renewable products, such as: lignosulfonates, 
hemicellulose, exhausted vegetable oils, are indeed available but not yet used as alternative to incumbent 
binders for wood boards because their inherent chemical complexity does not allow to efficiently use the 
modern technologies able to deliver the suitable binding system. Both chemical and enzymatic catalysis work 
indeed more efficiently on “clean” substrate rather than complex systems and the final cost in-use of the bio-
based alternative is a compromise between the cost of the feedstock and the cost of the enabling technology.  

In conclusion, the selected renewable feedstock should be largely available but also as chemically pure as 
possible. 

Modern bio-refineries, already present in Europe, are able to deliver large volumes of cost competitive 
renewable and “clean” feedstocks.  Particularly, starch-based bio-refineries and the vegetable oil-based bio-
refineries deliver products which can be used as feedstock for wood board binders. 

The selection of feedstock from these factories is meaningful not only with regard to the expected volume and 
price but also because it addresses the declining demand in Europe of carbohydrate and lipids for human 
consumption.  

Work package 1, WP1, expects to select the suitable feedstock as such or after pre-treatment from both starch-
based and vegetable-oil based bio-refineries in the EU. 

Specifically, Deliverable 1.2, “Feedstocks from Vegetable Oil-based Bio-refineries”, expected to assess the best 
oil feedstocks as suitable candidates for the synthesis of wood binders with respect to the following criteria: 

I. Sustainability 
II. Technical suitability  

III. Economic considerations  
 

The economic factors price and availability were applied as a filter to perform a preselection of potential 
feedstocks to be further evaluated in detail regarding their technical suitability and their environmental impact.  

These preselected feedstocks were then thoroughly characterized and assessed according to their suitability 
as starting material for epoxidation reactions.  

A Life Cycle Analysis was done on the feedstocks to make sure that the selected feedstock is enabling meeting 
the goal of developing a binder with at least 5% lower carbon footprint compared to the current state-of-the-
art resins used. 

Taking into account the three criteria economics, sustainability and technical aspects, the 
recommendation is to work with: 

1. Refined sunflower oil  
2. Refined rapeseed oil 
3. Refined linseed oil 

prioritized according to the sequence the feedstocks are mentioned.  
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2 Introduction and Objective 
The overall objective of the SUSBIND project is to produce and test, in an industrially relevant environment 
(TRL5), bio-based binders as alternative to formaldehyde-based binders currently used in the production of 
wood-based panel board. A lot has been done on this subject, but so far a bio-based binder able to compete 
at industrial scale with incumbent chemicals, does not exist.  
 
The reason to believe in the success of project SUSBIND is based on the selection of the partners, which involves 
actors across the whole supply chain, and their extensive technological background developed during the last 
years.  
 
The SUSBIND project intends to build on these success factors by:  

i. Selecting more adequate feedstocks from existing European Bio-refineries;  
ii. Applying new and greener conversion technologies for the production of binders and intermediates 
iii. Producing and validating these new bio-based binders with leading wood board manufacturers for 
two product types: P2 Particle Board (PB) and Medium Density Fibreboard (MDF) and;  
iv. Involving the world leading brand owner, producer and retailer of mass market furniture.  

 
 
The first objective which is indeed addressed in Work Package 1 is to select the most suitable feedstock 
meeting all requirements for the purpose. 
 
Considering the size of the targeted market, the selection of the renewable feedstock for the synthesis of 
binders, alternative to formaldehyde-based binders for wood board production, must address the two 
important issues:  

- similar or lower cost in use than incumbent alternatives to formaldehyde containing solution 
- large availability.  

 
Modern bio-refineries, already present in Europe, are able to deliver large volumes of cost competitive 
renewable and “clean” feedstocks. Particularly, starch-based bio-refineries and the vegetable oil-based bio-
refineries deliver products which can be used as feedstock for wood board binders. The selection of feedstock 
from these factories is meaningful not only with regard to the expected volume and price but also because it 
addresses the declining demand in Europe of carbohydrate and lipids for human consumption. 
 
 
The scope of the project SUSBIND has hence been defined around carbohydrate and lipid-based 
feedstocks only. Although extensively used as wood binder in the past, proteins are out of scope 
because of both the relatively high cost and the low availability once compared to carbohydrates and 
lipids. 
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3 European Vegetable Oil Market 
The main feedstocks transformed by the vegetable oil industry in Europe are: 
 

- Soybeans 
- Rapeseed 
- Sunflower seeds 
- Palm and palm kernel 
- Others like maize, coconut, castor, linseed, groundnut, cotton oil 

 
An overview of the oilseed market in Europe can be obtained from data collected by FEDIOL, the EU 
vegetable oil and protein meal association.  
 

 
 
 
Table 1: European oilseed market 2017, numbers in 1000 t (Source: FEDIOL annual statistics 2017) 
 
By far the dominating oilseeds by volume are soybean, rapeseed and sunflower seeds in Europe. Soybean 
production in Europe is limited so that the majority of feedstock is imported, mostly from Brazil, Argentina 
and the USA. Crushing and subsequent refining of the oil is done mainly in Europe. The bulk of processed 
rapeseed on the other hand is grown in Europe. Sunflower seeds are predominantly coming from EU but also 
from Russia, Ukraine and Argentina. 
 
Furthermore, the oilseeds cottonseed and linseed are produced in Europe. Cottonseed is mainly sourced in 
Greece and Spain, whereas the major producing countries for linseed are France and the United Kingdom as 
well as to a lower extent also Belgium.  
 
Accordingly, also the vegetable oil market is dominated by the three mentioned crops soybean, rapeseed 
and sunflower seed ( 
 
Table 2). Palm and palm kernel are not produced in Europe but crude oil is imported at large scale. The same 
is true for copra and castor oil.  
Additionally, in the oil statistics also maize germ oil appears, which is not present in the oilseed statistics, as it 
is not considered an oilseed.  
 

(x 1000 t) EU-28 - Production of oilseeds EU-28 - Import of Oilseeds EU-28 - Export of Oilseeds EU-28 - Crushing of Oilseeds

Groundnut 83 38
Soybean 2643 13611 359 14592
Rapeseed 21941 4988 105 24199
Sunflower seed 9526 504 394 7929
Cottonseed 507 309
Copra 1
Palmkernel 1
Linseed 141 591 15 667
Castor
Sesame 122 3 9
Maize germ 454
Grapeseed 228
Palm
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Table 2: European vegetable oil market 2017, numbers in 1000 t (Source: FEDIOL annual statistics 2017) 
 
 
End use of vegetable oil in the industry 

Already today, vegetable oils and fats are used in technical applications at large scale, besides their use in 
food and feed. Biodiesel counts for 39% of vegetable oil use in Europe. Other non-energy technical 
applications represent only 5% of veg. oil consumption today, but with a growing tendency. Vegetable oils 
are considered relevant substitutes for mineral based chemicals. 

Through chemical processes, the oil feedstocks can be converted to a wide range of products for use in 
various fields such as cosmetics, paints and inks, lubricants, biofuels, textile and leather, plastics, rubber, 
soaps and detergents, pharmaceuticals and many more. 

 

 
Table 3: Split of end use of vegetable oils in Europe (Source: FEDIOL) 

EU-28 - Production of crude 
vegetable oils and fats

EU-28 - Import of crude 
vegetable oils and fats

Groundnut 18 71
Soybean 2736 272
Rapeseed 10527 163
Sunflower seed 3528 1915
Cottonseed 40 1
Copra 0 506
Palmkernel 0 718
Linseed 240 4
Castor 0 169
Sesame 2 8
Maize germ 218 175
Grapeseed 32 0
Palm 0 7220

x1000 t rel. x1000 t rel.
Food 13062 49% 13209 47%
Biodiesel 10280 39% 10950 39%
Non-energy technical 1466 5% 1499 5%
Feed 1032 4% 1047 4%
Direct energy (electricity) 820 3% 1100 4%
Direct Fuel 10 0% 10 0%
total 26670 27815

20172016
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Figure 1: Split of end use of vegetable oil in Europe, 2017 (Source-: FEDIOL) 
 

The Revised Renewable Energy Directive (RED II), that will enter into force in 2020 sets out goals and 
regulations for renewable energy use. Among other aspects it sets targets for the amount of renewable 
energy used for transportation. The goal for which is 14% in 2030. In 2030 the use of biofuels with a high risk 
of indirect land-use change produced from food or feed crops cannot be counted towards this goal 
anymore. Also, the maximum contribution of other biofuels to the meeting of this goal cannot be more than 
7% of the total final consumption of energy in the road and rail transport sector per member state. Another 
relevant aspect of the legislation is that in 2030 all biofuels that are counted towards the 14% renewable 
energy target for transportation need to lead to a carbon dioxide emission reduction of 65% from 2020 
onwards in comparison to use of conventional diesel. This reduction includes both production and use of the 
fuels. None of the main vegetable oils produced in the EU and under consideration for SUSBIND will reach a 
65% carbon dioxide emissions reduction according to ANNEX V of the RED II. These vegetable oils can 
therefore be still used as transportation fuel in 2030 but are unlikely to be used for that purpose because 
they cannot count to the targets that are set. 

As shown in Table 3 and Figure 1, in 2017 39% of the end-use of vegetable oils in the EU was for biodiesel 
which is primarily used as a transportation fuel. The largest part of these vegetable oils will therefore become 
available for other types of uses of purposes, such as for the SUSBIND project. 

 

  



 

  

This project has received funding from the Bio-Based Industries Joint Undertaking under the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No. 792063. 

7 

4 Vegetable Oil-based Bio-refineries 
The process in an oil-based bio-refinery can be split in three main steps, common for any oilseed: 

 

 

Through the crushing process, the oilseed is split in crude oil and meal. Depending on the feedstock, this 
can be done by mechanical pressing and/or through solvent extraction. 

Refining is a multistep process with the aim to remove any undesired and disturbing components from the 
oil as well as contaminants. The process can vary a lot depending on the feedstock and on the target 
specification of the final product. 

Modification of oils done in order to adapt the properties of the oil in a way to meet the demands of the 
application. Oil modification can be chemical, physical or enzymatic.  

   

 

4.1 Crushing 

A simple process flow of general oilseed crushing process in shown in  Figure 2. 

 

 
Figure 2: Oilseed crushing process flow  
 

 

 

Crushing Refining Modification
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The oilseed is cleaned and liberated from any foreign material like stones or glass and metal. This can be 
achieved by sieving and use of magnets to remove metal. 

The seeds are then dried to increase storage stability and finally conditioned to moisture levels facilitating 
the further processing. Some oilseeds like soybean and sunflower seeds are dehulled with the aim to achieve 
higher protein content in the meal and have a separate product stream for the hulls. A good compromise 
needs to be found here as completely dehulled seeds can be more difficult to press afterwards.  

Feedstocks with a high oil content as sunflower seeds (30 – 35%) or rapeseed (40%) are first pressed to 
remove the primary oil. In order to facilitate this pressing step, the oilseed is heated to further fluidize the oil 
and thus increase the pressing yield.  

The obtained press cake is then transferred to the extraction process, where the remaining oil in the cake is 
washed out from the cake by use of solvents, usually Hexane. The oil is fairly soluble in Hexane and can be 
separated from the cake. Through thermal processing under vacuum, the solvent is removed and recycled.  

Low oil containing feedstocks like soybean (20%) are not pressed but only expelled to produce flakes, which 
go directly to the solvent extraction.  

Besides the oil, the second major product stream from a vegetable oil-based bio-refinery is the meal. The 
press cake from crushing is dried and milled to the desired particle size distribution.  

Depending on the oilseed and if the seed has been dehulled upstream, the meal can contain significant 
amounts of protein. Oilseed meals are thus very valuable protein sources for other applications in food and 
feed and to a lesser extent also in technical applications. The value of these streams can be further increased 
by concentrating the protein content.   

 

4.2 Refining 

The primary purpose of the refining step is to remove the free fatty acids from the oil. On top, further 
disturbing components, both naturally occurring or contaminants, shall be removed. 

 

Naturally occurring components can be: 

- Moisture and impurities 
- Phospholipids 
- Waxes 
- Trace metals (Fe) 
- Colorants (chlorophyll, carotene) 
- Oxidation products, volatile impurities 

 

Examples for contaminants are: 

- Pesticide residues 
- Dioxine / PCB´s (polychlorinated biphenyl) 
- PAH (polycyclic aromatic hydrocarbon) / B(a)P (Benzo(a)pyrene) 
- Mycotoxines 
- Hydrocarbons 
- Heavy metals 

 



 

  

This project has received funding from the Bio-Based Industries Joint Undertaking under the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No. 792063. 

9 

There are basically two main processes applied in the industry. Chemical and physical refining. 

 

4.2.1 Chemical Refining 

In the first step degumming, water and further processing aids (usually acids) are added at elevated 
temperature to hydrate the phospholipids. Through centrifugation, the so-called gums, an emulsion of 
phospholipids with oil and water, carbohydrates and protein, are removed. These gums can be further 
valorised to lecithin or can be added back to the meal.   

During neutralization, alkali is added to neutralize the free fatty acids in the oil allowing them to be 
removed as soap stock. The soap stock can be sold to soap manufacturers or alternatively can be split again 
into fatty acids to be used in feed or other industrial applications like candles, soap production or many 
others. 

In winterization, the temperature of the oil is lowered leading to crystallization of the contained waxes. 
Together with a filter aid, these waxes can then be removed and are usually recycled to the meal for feed.  

Bleaching is applied for removing colouring components from the oils like chlorophyll and carotenoids. 
Bleaching is done by adding bleaching clay. The used clay can then usually be brought back into the meal. 

Deodorization is a vacuum steam injection process with the aim to removing volatile components. 

 

  

 

 

Figure 3: Chemical refining process 
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4.2.2 Physical Refining 

Physical refining is aiming for the same results as chemical refining but is done in a slightly different way. 

The main difference is that free fatty acids are removed only in the deodorization step instead of a dedicated 
neutralization step as done in chemical refining. This is obviously affecting the by-products obtained, in 
contrast to chemical refining no soap stock is produced. Instead, fatty acid distillates are obtained. These 
distillates can be used as well for soap production and animal feed as well as other technical applications like 
bio-diesel or feedstock for the chemical industry.  

The process steps degumming, winterization and bleaching are basically identical to the chemical refining 
process.  

 

  

 

Figure 4: Physical refining process 
 

 

4.3 Modification 

Modification of vegetable oils is done in order to change their properties to meet the required specification 
of the application of concern. There are many modification technologies applied in the industry whereas the 
most important ones are: 

- Hydrogenation 
- Interesterification 
- Fractionation 
- Blending 

 

4.3.1 Hydrogenation 

Hydrogenation is a process of reducing unsaturated double-bonds of fatty acids. The conversion is done 
through addition of hydrogen gas in presence of a Nickel catalyst. The conversion of unsaturated fatty acids 
to saturated ones is changing the melting point (Solid Fat Curve) of an oil significantly, shifting the melting 
point to higher temperatures. An inevitable side effect of hydrogenation is the formation of trans fatty acids. 
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Whereas these trans-fatty acids are of little importance in technical applications, they are a major concern in 
the food industry.  

An example of how hydrogenation can change the solid fat curve or a palm oil is shown in Figure 5. 

 

 

Figure 5: Impact of hydrogenation of palm oil on the solid fat content 
 

4.3.2 Interesterification 

A modification of the solid fat curve or the melting profile of an oil can also be done through 
interesterification, which is defined as the interchange of fatty acids on the glycerol backbone of a 
triglyceride. It is basically a redistribution of the fatty acids. As a result, a range of new fat molecules is 
formed. This is becoming mainly interesting when different oils with varying melting behaviours are blended 
and then interesterified.  

Interesterification can be done both chemically and enzymatically by the use of basic catalysts or 
immobilized lipases, respectively. 

 

Figure 6: Schematic interesterification of a triglyceride comprising palmitic acid (P), oleic acid (O) and linoleic acid (L) 
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4.3.3 Fractionation 

Fractionation is a process of splitting an oil into different fractions by removing solids by controlled 
crystallization and separation techniques. It is a simple technique to enrich desired triglycerides in an oil 
fraction and thereby produce oils with different and new characteristics.  

According to the process applied for separating the different fractions, the three types of fractionation: dry 
fractionation, press fractionation and solvent fractionation are described. 

A descriptive example of palm oil fractionation is given in Figure 7 resulting in fraction with different melting 
points, mentioned in brackets. 

 

 

Figure 7: Exemplary fractionation of palm oil into three fractions with different melting points 
 

 

4.3.4 Blending 

A simple but powerful modification technique is blending. Through blending of different oils, melting point 
and melting profile as well as crystallization behaviour, polarity and solvent compatibility can be adjusted 
according to the target specification.  

Blending in of any kind of additives like emulsifiers opens obviously a broad range of possibilities.  
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5 Feedstock selection  
The objective of the work package 1 task 1.2 is to select the most suitable feedstock from the vegetable oil-
based bio-refineries present in Europe, as raw material for the production of thermoset resins used as binder 
for particle boards and medium density fibre boards.  

The selection criteria to be applied are: 

 Economical aspects  

 Technical suitability 

 Sustainability  

 

5.1 Economical aspects 

The availability of feedstock in sufficient quantity to serve a significant share of the European wood composite 
panel binder market is an important factor to consider in the selection of material.  

The EPF (European Panel Federation) reports 29.1 million m^3 particle board and 11.8 million m^3 MDF 
production, respectively, in the EU for use in furniture in 2015. Applying density factors of 0,610 t / m^3 pb 
and 0,800 t / m^3 MDF and resination of 9% and 12% for pb and MDF, respectively, results in a total potential 
market for 2.7 million ton of dry binder. 

With a conservative assumption of a market penetration of 10%, SUSBIND would be aiming for 270,000 t 
binder per year. The comparison with statistics about the European oilseed and vegetable oil market, shared 
in section 3 and repeatedly showed below, demonstrates that the potential volume required for SUSBIND 
relative to the existing market will be substantial. 

 
 
 
Table 2: European vegetable oil market 2017, numbers in 1000 t (Source: FEDIOL annual statistics 2017) 
 

As already described in Deliverable 5.2, different scenarios for a SUSBIND binder composition can be 
imagined. The oil might represent the main ingredient in the binder formulation or it could as well be a 
minor additive. 

EU-28 - Production of crude 
vegetable oils and fats

EU-28 - Import of crude 
vegetable oils and fats

Groundnut 18 71
Soybean 2736 272
Rapeseed 10527 163
Sunflower seed 3528 1915
Cottonseed 40 1
Copra 0 506
Palmkernel 0 718
Linseed 240 4
Castor 0 169
Sesame 2 8
Maize germ 218 175
Grapeseed 32 0
Palm 0 7220
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In the first case, the potential of annually 270,000 t oil, could only realistically be absorbed by the three major 
oilseeds soybean, rapeseed and sunflower seed. Relying to 100% on imported oils like for palm or palm 
kernel cannot be an alternative for the European project SUSBIND.  

In case the oil will be by volume only a minor ingredient in the binder formulation, also linseed and maize 
germ might potentially be considered.  

 

With the discussed availability as a first selection filter, we can only realistically consider following feedstocks 
as base material for the binder to be developed: 

- Soybean oil 
- Rapeseed oil 
- Sunflower oil 
- Linseed oil 
- Maize germ oil 

 

The second important part of an economic consideration in the feedstock selection is the cost of the 
material. 

As in the availability discussion, also here the relevance of the cost factor is much dependant on the share of 
the oil in the final binder composition.  

Below Figure 8 is giving an overview of historical cost of the selected feedstocks, which are traded on the 
commodity market.  

 

 
Figure 8: Historical prices ($/MT) of soybean oil, rapeseed oil and sunflower oil from March 2008 – March 2018. (Source: 
Reuters) 
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Significant volatility can be observed over time and as well the price ranking among the crops is changing 
frequently.  

Typical prices from year 2017/2018 are: 

Soybean Oil (Refined, CPT NW Europe): 850 ± 70 €/mt 

Rapeseed Oil (Refined, CPT NW Europe):: 870 ± 100 €/mt 

Sunflower Oil (Refined, CPT NW Europe): 800 ± 50 €/mt 

 

Linseed Oil (Refined, CPT NW Europe) : 1100 ± 100 €/mt 

Corn (Maize Germ) Oil (Refined, CPT NW Europe) : 1250 ± 250 €/mt 

 

Generally, and looking at longer timeframes, it can be said though that sunflower oil is more expensive than 
rapeseed, and soybean oil is the cheapest oil considered here. This is true at least in the absence of any major 
geopolitical events, natural disasters and crop failures etc. 

Linseed oil and maize germ oil are specialty crop oils which are not traded on the commodity market, at least 
in Europe. Generally, these oils are more expensive than the commodities and their volatility is higher as well.  

 

The SUSBIND binder can only be successful on the market, if it will also be economically competitive 
versus currently used binders. 

As existing petrochemical based solutions, we consider here: polymeric diphenyl Methane DiIsocyanate, 
pMDI, and Urea-Formaldehyde resins, or UF resins.  

Both solutions are available in the market but their use is very different: UF resins are the standard binder 
used in the wood board industry and then with very low cost in use and large availability; pMDI is, vice versa, 
used only as a standalone solution once a formaldehyde free solution is required because this chemical is 
pretty expensive and with by far lower availability than UF resins. This last consideration is reflected also in 
the following assumptions: 

 

 pMDI price 2950$/MT (average year 2017), 100% dry substance  
There is however much variation in prices: 1180 – 3540 $/MT in period between 2001 – 2018 
(Source: HIS Chemical, Chemical Economic Handbook, Diisocyanates and polyisocyanates 2018) 

 pMDI typical dosage in particle board: 3-5%  
 

 UF resins price 550 €/MT, 100% dry substance, although higher prices are possible for low emitting 
formaldehyde resins  
(Source: HIS Chemical, Chemical Economic Handbook, Amino Resins, 2017) 

 UF typical dosage in particle board 8-10% (higher for medium density fibre board, MDF)  
 

Considering prices of vegetable oils as shown in Figure 8 indicate that the economics become quite tight for 
an oil-based binder. Feedstock prices are with about 800 €/MT refined oil already higher than for ready-to- 
use (M)UF resins. Additional processing cost of oil epoxidation and potential additives are even not yet taken 
into account here.  
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There are basically two options how to mitigate this issue: 

- The oil-based binder must be very efficient, requiring only low dosage in the board and thus 
resulting in lower cost in use  
 

- The oil component must not be a standalone solution but only a part of the SUSBIND binder, in 
combination with the carbohydrate components, which have much lower cost (compare Deliverable 
1.1) 

 

 

5.2 Technical suitability 

The objective of Work Package 3 is to develop a new enzymatic technology for the selective epoxidation of 
unsaturated plant fatty acids and oils to be used as bio-based binders for production of wood-based panels.  

The double bonds present in the vegetable oil are converted to epoxy rings, which can then be opened in the 
process and react with hardeners or other additives in order to form a thermoset network resulting in a 
strong and water-resistant composite of wood chips or fibres and binder.  

Since epoxy rings can only be created at the site of the double bond, it can hence be deducted that the 
higher the degree of unsaturation of a fatty acid or oil, the higher the reactivity of the final product will be.  

In the selection of the most suitable vegetable oil as a feedstock for developing the SUSBIND binder, the 
degree of unsaturation is therefore considered the most important criterium. 

An overview with typical data on fatty acid distribution of the here considered oils is given in Table 4 and 

 
Table 5. 

 

Olive Palm fruit Palm kernel Groundnut Grapeseed
FattAcid
Caprylic C 8:0 0 0 3 0 0

Capric C 10:0 0 0 3 0 0
Lauric C 12:0 0 0 45 0 0

Myristic C 14:0 0 1 16 0,1 0,1
Palmitic C 16:0 11,6 43,5 9 8 6,9

Palmitoleic C 16:1 1 0 0 0 0,1
Stearic C 18:0 3,1 4,5 3 1,8 4

Oleic C 18:1 75 40 17 53,3 19
Linoleic C 18:2 7,8 10 3 28,4 69,1

Linolenic C 18:3 0,6 0,5 1 0,3 0,3
Arachidic C 20:0 0,3 0,5 0 0,9 0,3
Gadoleic C 20:1 0 0 0 2,4 0
Behenic C 22:0 0,1 0 0 3 0

Erucic C 22:1 0 0 0 0 0
Lignoceric C 24:0 0,5 0 0 1,8 0
Nervonic C 24:1 0 0 0 0 0

Saturated C XX:0 15,6 49,5 79,0 15,6 11,3
Monounsaturated C XX:1 76,0 40,0 17,0 55,7 19,1

Polyunsaturated C XX:n 8,4 10,5 4,0 28,7 69,4
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Table 4: Fatty acid composition of vegetable oils (Source: Ramos et al. (2009), BioResource Technology) 
 

 

 
Table 5: cont. fatty acid composition of vegetable oils (Source: Ramos et al. (2009), BioResource Technology) 
 
 

A simple index to directly compare different oils according to their degree of unsaturation is described as the 
iodine value. The iodine value is defined as the mass of iodine in grams that is consumed by 100 grams of 
a chemical substance. A general clustering of the vegetable oils according to their iodine values can be done 
as shown in Table 6. 

Soybean Rapeseed Sunflower Seed Linseed Maize germ
FattAcid
Caprylic C 8:0 0 0 0 0 0

Capric C 10:0 0 0 0 0 0
Lauric C 12:0 0 0 0 0 0

Myristic C 14:0 0 0,5 0 0,1 0
Palmitic C 16:0 11,3 4,5 6,2 6 6,5

Palmitoleic C 16:1 0,1 0 0,1 0,1 0,6
Stearic C 18:0 3,6 1,5 3,7 4 1,4

Oleic C 18:1 24,9 60 25,2 20,7 65,6
Linoleic C 18:2 53 20 63,1 15,4 25,2

Linolenic C 18:3 6,1 10 0,2 52,5 0,1
Arachidic C 20:0 0,3 0,5 0,3 0,1 0,1
Gadoleic C 20:1 0,3 1,5 0,2 0,2 0,1
Behenic C 22:0 0 0,5 0,7 0,2 0

Erucic C 22:1 0,3 1 0,1 0 0,1
Lignoceric C 24:0 0,1 0 0,2 0,1 0,1
Nervonic C 24:1 0 0 0 0 0

Saturated C XX:0 15,3 7,5 11,1 10,5 8,1
Monounsaturated C XX:1 25,6 62,5 25,6 21,0 66,5

Polyunsaturated C XX:n 59,1 30,0 63,3 67,9 25,4

Olive Palm fruit Palm kernel Groundnut Grapeseed
FattAcid
Caprylic C 8:0 0 0 3 0 0

Capric C 10:0 0 0 3 0 0
Lauric C 12:0 0 0 45 0 0

Myristic C 14:0 0 1 16 0,1 0,1
Palmitic C 16:0 11,6 43,5 9 8 6,9

Palmitoleic C 16:1 1 0 0 0 0,1
Stearic C 18:0 3,1 4,5 3 1,8 4

Oleic C 18:1 75 40 17 53,3 19
Linoleic C 18:2 7,8 10 3 28,4 69,1

Linolenic C 18:3 0,6 0,5 1 0,3 0,3
Arachidic C 20:0 0,3 0,5 0 0,9 0,3
Gadoleic C 20:1 0 0 0 2,4 0
Behenic C 22:0 0,1 0 0 3 0

Erucic C 22:1 0 0 0 0 0
Lignoceric C 24:0 0,5 0 0 1,8 0
Nervonic C 24:1 0 0 0 0 0

Saturated C XX:0 15,6 49,5 79,0 15,6 11,3
Monounsaturated C XX:1 76,0 40,0 17,0 55,7 19,1

Polyunsaturated C XX:n 8,4 10,5 4,0 28,7 69,4
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Table 6: Clustering of vegetable oils according to their iodine value, representing the degree of unsaturation  
(Source: Belitz, Grosch, Schieberle, Lehrbuch der Lebensmittelchemie) 
 

Considering the fatty acid composition of the 5 major feedstocks soybean, rapeseed, sunflower, linseed and 
maize germ, linseed oil would be the technically most promising feedstock. Followed by soybean oil and 
sunflower oil, which have rather similar fatty acid distributions. Rapeseed and maize germ are the least 
unsaturated oils considered and are lowest priority regarding their technical suitability.  

Among the less available vegetable oils discussed above, only grapeseed oil has a fatty acid distribution that 
deserves further consideration. It is however close to sunflower oil in composition.  

A more exotic and here not yet discussed feedstock is Lallemantia oil, or dragonhead oil. It has a similar but 
even higher degree of unsaturation than linseed, making it very interesting for epoxidation. Availability and 
economics however are not given, so it is not considered a potential feedstock for the SUSBIND binder.  

 

 

 

5.3 Sustainability of vegetable oil feedstock 

The sustainability of the solution, eventually delivered by the SUSBIND project, must be assessed in the whole 
perspective of the final binder supply chain and it cannot be limited to the assessment of the carbon footprint 
of the bio-based ingredients. This is the scope of the project deliverable 5.2 prepared by CE Delft. 

At this stage, this chapter has then the limited scope to assess only the carbon foot print of the selected 
feedstock. 

Based on the above discussed economical and technical aspects, a preselection has been done at early stage 
of the project and a LCA has been done only for these preselected feedstocks: 

- Soybean oil 
- Rapeseed oil 
- Sunflower oil 
- Linseed oil 

Carbon footprint of the selected feedstocks were analysed and it could be demonstrated that there are 
substantial differences between the different oils.  In fact, in a contribution analysis it could be shown that the 
observed differences are mainly due to the production efficiency per hectare.  

Compared to the petrochemical reference, using soybean oil, rapeseed oil and sunflower oil would lead to a 
significant reduction in carbon footprint. The risk of land use changes however, and associated climate 
change impact due to increased production of oil feedstock is too high for all oils when they would be the 
only ingredient used in a resin.  

A fully linseed oil-based binder would lead to a higher carbon footprint than a petrochemical binder even 
when the risk of land use change is not taken into consideration.  

Iodine Value Vegetable oil
< 50 Palm kernel, copra
50 - 100 Palm fruit, Olive
100 - 130 Maize germ, rapeseed
130 - 170 Soybean, Sunflower seed, Groundnut, Grapeseed
>170 Linseed
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It is therefore generally not recommended to work with a fully oil-based binder. Application in a 
blend with more carbon efficient carbohydrates would be required to mitigate this effect. 

Among the oil feedstocks, rapeseed and sunflower oil will be the preferred options regarding LCA 
results, due to the low(er) risk of land use change in comparison to soybean oil. Linseed oil can only 
remain in scope in case the of very high technical efficiency.  
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6 Feedstock characterization 

6.1 Material and Methods 

6.1.1 Samples 

According to the in section 5 discussed preselection of feedstocks, refined and crude samples of 4 vegetable 
oils, rapeseed (RRSO and CRSO), sunflower (RSFO and CSFO), soybean (RSBO and CSBO) and linseed (RLSO 
and CLSO) oils were provided by Cargill and stored at 4 ºC until analyses or derivatization at IRNAS. For the 
analysis of the lipid profile (“intact” lipids), aliquots were directly treated with BSTFA (N,O-bis-
(trimethylsilyl)trifluoroacetamide, Merck, ≥99.0%) at 80 ºC for 1 h and analysed by GC-MS as is described in 
6.1.2 GC-MS analyses.  

The analysis of the fatty acids profile was performed by transesterification reaction of the lipid content into 
FAMEs (fatty acid methyl esters) with NaOMe. In brief, 100 mg of oil was suspended in 4 ml of a freshly prepared 
solution of NaOMe 0.5 M (Merck, ≥95.0%) in MeOH and heated at 50 ºC for 30 min with a vigorous shaking at 
regular intervals of 5 min. Then, the reaction was quenched by adding 200 µl of glacial AcOH and diluted with 
8 ml of H2O. Finally, FAMEs were extracted with 3 x 8 ml of hexane in a separation funnel. This mixture was 
stored at 4 ºC and is able to be directly used without any derivatization. 

6.1.2 GC-MS analyses 

The GC-MS analyses of the “intact” lipids profile were performed on a Varian Star 3400 gas chromatograph 
(Varian, Walnut Creek, CA, USA) coupled with an ion-trap detector (Varian Saturn 400) equipped with a capillary 
column (DB-5HT, 12 m × 0.25 mm internal diameter, 0.1 μm film thickness; J&W Scientific, Santa Clara, CA, 
USA). Helium was used as carrier gas at a rate of 2.0 mL·min−1. The injector was set at 60 ºC during the injection 
and 0.1 min after, it was programmed to 380 ºC at a rate of 200 ºC·min−1 and held for 10 min. The oven was 
heated from 120 ºC (1 min) to 380 ºC (5 min) at 10 ºC·min−1, and the transfer line was set at 300 ºC. Compounds 
were identified by comparing with authentic standards and their fragmentation pattern. Quantification was 
carried out by the total-ion peak areas and a lab-made mixture of model compounds. For this purpose, 
trilinolein (model triglyceride, Merck, ≥97.5%), 1,3-dipalmitin (model diglyceride, Merck, ≥99.0%) and linoleic 
acid (model fatty acid, Merck, ≥98.5%) were used in a concentration range between 0.01 and 0.8 mg·ml-1 to 
elaborate calibration curves. 

The GC-MS analyses of fatty acids profile were performed with a Shimadzu GC-MS QP2010 Ultra equipment, 
using the same capillary column mentioned above but with a longer length (30 m). Helium was used as carrier 
gas at a rate of 0.83 mL·min−1. The injection was performed at 300 ºC. The oven was heated from 120 ºC (1 
min) to 300 ºC (15 min) at 5 ºC·min−1, and the transfer line was kept at 300 ºC. Each sample, after its conversion 
into a mixture of FAMEs, was analyzed using the method for “intact” lipids to ensure that triglycerides have 
been consumed. Compounds were identified by comparing with authentic standards and their fragmentation 
pattern. Quantification was carried out by the total-ion peak areas (if it was possible) and a lab-made mixture 
of standards. For this purpose, methyl palmitate (Merck, ≥99.0%), methyl stearate (Merck, ≥99.5%), methyl 
oleate (Merck, ≥99.0%), methyl linoleate (Merck, ≥98.0%) and methyl α-linolenate (Merck, ≥99.0%) were used 
in a concentration range between 0.004 and 0.05 mg·ml-1 to elaborate calibration curves. 
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6.2 Composition of refined and crude oils 

Selected chromatograms corresponding to refined and crude sunflower oils respectively are shown in Figure 9 

 

 
Figure 9: GC-MS chromatograms of refined (A) and crude (B) sunflower oil showing triglycerides (Tn), diglycerides (Dn) 
and fatty acids (FA). 
 

Chromatogram (A) shows a typical profile of refined oils consisted in the occurrence of triglycerides (T) 
exclusively. Numbers indicate the degree of unsaturation per molecule, so in this context, T3 refers to a 
triglyceride molecule where its three acyl groups are unsaturated. At this level, it is not possible to distinguish 
the degree of unsaturation per acyl group thus in T3 peak appears all the possibilities of triunsaturated 
triglycerides. Peaks T2 and T1 can be explained with the same considerations. 
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At the other hand, chromatogram (B) shows the lipids profile of a crude oil (here sunflower). As it is expected, 
triglycerides, corresponding to retention times between 23-26 min, are the main compounds together with 
minor amounts of diglycerides, with retention times between 18-20 min and free fatty acids (mainly 
unsaturated) with retention times between 6-8 min. 

Quantifications confirm a high degree of unsaturation of the triglycerides as is depicted in Table 7. 

 

Compound RRSO CRSO RSFO CSFO RSBO CSBO RLSO CLSO 

FFA - 0.88 - 5.17 - 2.89 - 0.94 

Diglycerides - 4.20 - 5.70 - 6.89 - 5.10 

Triglycerides 100 94.92 100 89.42 100 91.90 100 93.96 

T1 8.82 8.15 6.33 5.00 10.60 8.10 3.28 8.36 

T2 17.96 17.94 22.05 18.90 33.20 25.40 20.34 22.29 

T3 73.22 68.83 71.62 65.52 56.20 58.40 76.38 64.31 

Table 7: Composition of “intact” lipids present in refined and crude vegetable oils. Data are expressed in mg/100 mg oil. 
 

With respect to crude oils, compounds derived from partial hydrolysis (free fatty acids and diglycerides) 
represent the minor compounds in the mixture being in a range between 5.08-10.87%. On the other hand, the 
abundances of different fractions of triglycerides (T1-T3) are comparable both in refined and crude oils in each 
sample. 

Fusing on the unsaturation level, samples from soybean oil (R/CSBO) have a proportion of triunsaturated 
triglycerides clearly lower than the rest of the samples that represents in a higher concentration of diunsatured 
triglycerides. However, at this point it is not possible to establish a criteria for the best oil in terms of 
unsaturation quality because is necessary additional information related to the nature of the acyl groups. 

 

6.3 Fatty acids profile of refined and crude oils 

For this purpose, the composition in terms of fatty acids is commonly used as a tool for the determination of 
the degree of unsaturation of oils. As it is described in  ”GC-MS analyses”, this quantification was performed 
by transesterification instead of saponification due to the best response of the equipment for α-linolenic acid. 

Selected chromatograms corresponding to refined and crude sunflower oils respectively after 
transesterification are shown in Figure 10. As it can be observed in the chromatograms, triglycerides are 
constituted by 16 and 18-carbon fatty acids. Only methyl oleate and α-linolenate overlap in the same peak as 
is checked by injection of authentic standards and by their characteristic MS-fragments corresponding to the 
molecular ion (m/z 296 and 292 respectively). 
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Figure 10: GC-MS chromatograms of refined (A) and crude (B) sunflower oil showing their fatty acids as methyl esters. 
C16:0 (palmitic acid), C18:0 (stearic acid), C18:1 (oleic acid), C18:2 (linoleic acid) and C18:3 (α-linolenic acid). 
 

Fatty acid profile for each sample is depicted in detail in Table 8. 

 

 

Fatty acid RRSO CRSO RSFO CSFO RSBO CSBO RLSO CLSO 

C16:0 3.98 3.86 7.09 5.72 12.70 12.32 5.41 4.15 

C18:0 3.21 2.15 4.10 4.39 2.14 3.33 2.10 1.49 

C18:1 59.79 66.08 31.81 34.01 26.62 21.73 20.09 18.40 

C18:2 22.48 21.39 56.40 55.08 56.30 58.04 16.47 15.51 

C18:3 10.54 6.52 0.6 0.8 2.24 4.58 55.93 60.45 

SFA 7.19 6.01 11.19 10.11 14.84 15.65 7.51 5.64 

PUFA 33.02 27.91 57.00 55.88 58.54 62.62 72.40 75.96 

Table 8: Fatty acid profile present in refined and crude oils. Data are expressed in mg/100 mg oil. SFA: saturated fatty 
acids; PUFA: polyunsaturated fatty acids. 
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From Table 8 we can observe a great similarity between refined and crude oils with the same source. With 
respect to soybean oil samples, they show a higher content in saturated fatty acids (SFAs) that is in agreement 
with a lower content in triunsaturated triglycerides. In addition, although in rapeseed samples the total content 
of unsaturated fatty acids is high, only a 27.91-33.02% is referred to polyunsaturated fatty acids (PUFAs, linoleic 
and α-linolenic acids) that are substrates more interesting for epoxidation reactions. 

The other two samples, sunflower and linseed oils have more attractive characteristics because they have a low 
or moderated content in SFAs and a great profile in PUFAs. Indeed, both oils in their two variants (refined and 
crude) have a content in PUFAs above 50% that become them in oils suitable for the epoxidation, highlighting 
linseed oils with a proportion in α-linolenic acid near 56-60%. Finally, in the context of fatty acids profile quality, 
plant oils from soybean have a PUFAs proportion close to sunflower oils as they exhibit a concentration above 
58%. This fact become them in oils with more potential for the epoxidation than rapeseed oils. 

 

6.4 Observations from characterization 

6.4.1 “Intact” lipids profile of refined vs crude oils 

All refined samples contain triglycerides in high purity and products from partial hydrolysis are not observed. 

Crude oils have products from partial hydrolysis of triglycerides (diglycerides and free fatty acids) that represent 
a proportion of 10% or lower. 

Triglycerides profile in each plant oil variant (refined and crude) maintain a high degree of similarity and they 
are very rich in triunsaturated triglycerides. 

 

6.4.2 Fatty acids profile of refined and crude oils 

All samples are composed by 16 and 18-carbon fatty acids, which are palmitic, stearic, oleic, linoleic and α-
linolenic acids. 

There are no significant deviations of the fatty acid profile between refined and crude oils. 

Soybean oils have the greatest abundance in SFAs but a good concentration in PUFAs almost exclusively in 
linoleic acid. In this sense, rapeseed samples have a poor enrichment in PUFAs due to their high content in 
oleic acid while sunflower and linseed oils combine a moderated or low profile of SFAs and a high 
concentration in PUFAs which make them the best candidates for epoxidation reactions, especially 
linseed oil samples because of their content in triunsaturated fatty acids.  
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7 Crude vs Refined oil 
In the course of work task 1.3 (feedstock from vegetable oil-based bio-refinery, pretreatment), it could be 
demonstrated that the epoxidation of crude oil works as efficient as done on refined oil. 

It deserves hence the discussion if crude oil can be an alternative to refined oil for the purpose of the 
SUSBIND binder.  

Due to simplification of the production process of the oil feedstock, naturally both the cost and the LCA will 
be favorable compared to refined oil: 

- The cost impact of the refining process is can be assumed as approximately 50 - 100 €/MT 
- The impact on the carbon footprint (without considering land use change) can be expected to 

decrease between 5% and 15% when utilizing crude oils, assuming the same quantity would be 
needed as for refined oils. However, the risk for land use change does not change when utilizing 
crude oils in comparison to refined oils. Hence, using crude oils instead of refined oils does not 
change the recommendation originating from the LCA analysis (deliverable 5.2) to when using oil 
feedstock for a binder only to use sunflower or rapeseed oil. 

It is questionable though, if these positive effects will be sustainable over the whole binder development 
process. Despite very encouraging results in epoxidation of crude oil, it is unclear if and how the components 
in the oil, which were not removed by refining, will finally affect the processability and performance of the 
binder. Stability and homogeneity will certainly be negatively affected and it is highly probable, that some of 
the micro-components will result in some side reactions, difficult to control and competing with the desired 
reactivity of the binder. On top, there might be unpredictable and potentially harmful impurities like pesticide 
traces or else. 

Considering the whole picture also in economic terms, the cost savings by skipping the refining process is 
not so obvious. The net cost of vegetable oil refining can actually be much lower than the above mentioned 
50 - 100 €/MT. The value of the removed and afterwards cleaned microcomponents, such as tocopherols or 
similar, can be considerable.  

It is therefore recommended to work in project SUSBIND with clean refined oils as feedstock in order 
to avoid any potential problems in the binder development process. Already in the very fundamental 
definition of the project it was stated that the consortium had planned to work with clean feedstock to make 
the process economically viable by avoiding any unwanted effects and additional downstream processing.  

A quick comparison of crude oil versus refined oil could not give enough justification to deviate from this 
approach. It is still recommended to work with refined feedstock. 
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8 Feedstock selection / Conclusion 
Objective of D1.2 was to select the most suitable feedstock selection from vegetable oil-based bio-refineries, 
based on criteria reflecting:  

- economics,  
- LCA and  
- technical suitability for the intended process. 

 

Economic considerations and in particular the availability of the feedstock in Europe were used as a filter, 
reducing the range of potential feedstocks already to only 5 candidates: 

- soybean oil 
- rapeseed oil 
- sunflower seed oil 
- maize germ oil 
- linseed oil 

 

Based on literature data on fatty acid distribution of these oils, maize germ oil could be further excluded due 
to the similar chemical nature as rapeseed oil, whereas the later one has much better availability in Europe. 

Out of the preselected 4 oils, a detailed characterization of both crude and refined oils was done. Literature 
data could be confirmed and it was concluded that sunflower and linseed are technically the best feedstock 
candidates for the SUSBIND binder. Both oils combine a low profile of saturated fatty acids and high 
concentrations in polyunsaturated fatty acids. Especially linseed oil has a very favourable fatty acid 
composition due to the high content in triunsaturated fatty acids. 

A detailed comparison of crude and refined oils, lead to the conclusion that it shall be recommended 
to work with refined oils. Only on first sight, crude oils appear cheaper and more sustainable than refined 
oil. If at all, the economic savings for crude oil are limited and the risk of facing technical issues further 
downstream in the process is too high.  

A very thorough LCA revealed that the situation for vegetable oil-based feedstocks as base material for the 
SUSBIND binder is complex. Despite carbon footprint reduction compared to petrochemical solutions when 
working with sunflower, soybean and rapeseed oil, the pressure on land use change will be significant and 
have a negative impact. It is therefore not recommended to work with a fully oil-based binder but to 
use the oil only as a part of the solution in combination with carbohydrates.  

Among the oil feedstocks, rapeseed and sunflower oil will be the preferred options regarding LCA results.  

Taking into account all three discussed factors economics, sustainability and technical aspects, a clear 
recommendation is difficult to make at this stage: 

- Linseed oil is technically the most promising feedstock. However, it can only be an interesting 
material in case the efficiency in use can be proven to be superior to the other feedstocks. If not, 
impact of negative LCA balance and unfavourable economics will dominate.  

- Sunflower oil has still an interesting fatty acid profile combined with rather good economics and LCA.  
- Soybean oil has a similar but slightly inferior fatty acid profile compared to sunflower seed oil but is 

less interesting regarding the other aspects. There is hence no strong argument to keep it in the 
selection.  

- Rapeseed oil is interesting regarding availability, cost and LCA. Technical suitability looks inferior to 
linseed and sunflower seed oil but the difference is not too big. 
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The team recommends therefore to focus the effort in subsequent work packages and binder 
development on following feedstocks from the vegetable oil-based bio-refineries: 

- Sunfloweroil 
- Rapeseed oil 
- Linseed oil 

Whereas sunflower and rapeseed are clearly preferred compared to linseed.  

In addition, a realistic industrial solution might finally be a blend of the above selected oils to balance the 
economics and technical performance. The recipes would be based on a defined range of fatty acid 
composition, but could be achieved with multiple recipes, differing in the % contribution of the different base 
oils. In that way, one can mitigate the economic fluctuations due to external factors, and potentially reduce 
dependency on a single crop oil. 

 


