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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 (around 4 million tons of dry substance per year in EU).

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 biobased 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 biorefineries deliver products which can be used as feedstock for wood board binders.
The selection of feedstock from these factories is meaningful not only with regards to the expected volume
and price but also because it addresses the declining demand in Europe of carbohydrate and lipids for human
consumption and it mitigates the effects of the end of the sugar quota regime (2017).
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 1.1, “Feedstocks from the Starch-based Bio-refineries”, expected to assess the best
carbohydrates as suitable candidates for the synthesis of wood binders with respects to the following criteria:
I.
II.
III.
IV.
V.

Economic considerations
Technical applicability
Sustainability
Ease of use
Reactivity

The applications of the criteria above to the large number of possible carbohydrates led to the following
selection:

A. Fructose Solution, FF95
B. Glucose Solution, GU95
C. Maltodextrin, MDX17
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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 binder 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 on the success of project SusBind is backed 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 free solution
- large availability (around 4 million tons of dry substance per year in EU).
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 biorefineries deliver products which can be used as feedstock for wood board binders. The selection of feedstock
from these factories is meaningful not only with regards to the expected volume and price but also because it
addresses the declining demand in Europe of carbohydrate and lipids for human consumption and it mitigates
the effects of the end of the sugar quota regime (2017).

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 Starch Market
One of the main reasons for the decision in SusBind to focus on Carbohydrates as primary feedstock for the
development of a bio-based resin was the large size of the European starch industry.
From 75 starch production facilities in 20 of the 28 EU Member States, the European Starch Industry today
produces 10,8 million tons of starch each year from EU wheat, maize and potatoes. EU consumption of starch
and starch derivatives was 9,4 million tons in 2017 (Source: Starch Europe website)
The amount of raw material processed for starch production is almost equally split over the three major crops
maize, wheat and potato. Considering the starch yield from processed raw material, the share is shifting
towards maize and wheat.
Taking also into consideration the high variation on availability and hence price of potato due to sensitiveness
to annual weather conditions, the primary focus of SusBind shall be on maize and wheat.

Figure 1: Starch production in EU 28, source: www.starch.eu
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About 42%, thus roughly 4 million tons, of produced Starch in Europe is used for industrial (non-food)
applications, whereas the corrugating and paper industry is dominant in the non-food sector.
It can be assumed hence that the European starch industry could serve the market of binders for wood
composite panels without major issues.

Figure 2: Starch applications in EU 28, source: www.starch.eu
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4 Starch-based Bio-refineries
As described above, mainly the two crops, maize and wheat, are considered as raw material for feedstock
supply for project SusBind.
A short and simplified description of a typical maize and wheat bio-refinery is presented in the schemes below.

4.1 Starch-based Bio-refinery – Wheat
Starch is the predominant component of a wheat grain. On dry basis, about 68% of the grain is starch, followed
by dietary fiber (15%), protein (13%), lipids (2%) and minerals (2%).
The purpose of the bio-refinery is now to separate and clean these components.
Following diagram is showing a simplified process from the wheat grain to the starch slurry or starch milk.

Wheat grain
Dry Wheat Handling
Grinding/Flour
Milling

Wheat Germ
Wheat Bran

Dough preparation
Mixing/Drying
Dry Wheat Feed

Solubles

Separation

A-Starch

B-Starch

Gluten
Dry Gluten (vital)

Dewatering/
Evaporation

Ethanol

Refining

Washing,
Dewatering
Drying
Solubilization

Liquid Solubles

Starch Slurry

Drying
Dry Soluble Gluten

Figure 3: Starch-based bio-refinery – Wheat processing from grain to starch slurry

Wheat grains are ground similarly to an ordinary flour mill whereas germ and bran are physically separated.
From the remaining endosperm a dough is prepared followed by a multi-step washing process resulting in a
three way separation into three streams: soluble, starch and gluten (protein fraction).
At this stage, the starch is obtained as a aqueous dispersion of starch granules. Also referred to as starch slurry
or starch milk.
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4.2 Starch-based bio-refinery – Maize
Similar to wheat, maize contains about 73% starch. Other components are dietary fiber (11%), protein (10%),
lipids (4%) and minerals (2%).
Due to the hard and very dense structure of the maize kernel, a steeping step is required before milling. Unlike
for wheat milling, for maize a wet milling process is applied. Germ and fibers are removed through sieving and
decanting, whereas finally two streams with varying density are obtained: starch and protein. Again, the starch
is washed and is obtained as starch slurry.

Figure 4: Starch-based bio-refinery – Maize processing from maize kernel to starch slurry

4.3 Starch-based Bio-refineries – Starch derivatives
Starch is deposited in the form of water-insoluble granules in plant cells to serve as an energy reserve. In order
to solubilize and thus functionalize the starch, it needs to be gelatinized through the impact of heat in presence
of sufficient water.
Due to the high degree of polymerization of native starch as present in the granules, the viscosity of gelatinized
starch solutions (so called starch paste) is high and the stability of the solution is limited.
Luckily, already the ungelatinized granular form of starch is quite accessible both to chemical and enzymatical
reactions and offers multiple possibilities for downstream processing into tailormade products for many
purposes.
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4.3.1 Starch modification
Native starches are produced through concentration and drying of the starch slurry. However, for use in many
applications, starches must be modified in their properties and functionalities. This can be done either
physically, chemically or enzymatically.
Motivation for starch modification can be changes in characteristics as rheology, retrogradation, viscosity
stability, film formation properties, hydrophobicity, gelling temperature, freeze-thaw stability and many more.

Starch Modification

Chemical
Modification

Thinning

Physical
Modification

Substitution

Crossbonding

Acid
Oxidation

Esterification

Pregelatinization

Esterification

Roll Drying

Etherification

Spray Drying

Thermal

Acetyl

Enzyme

N-Octenyl-succinyl

Extrusion

Phosphate

Etherification
Hydroxypropyl
Cationic
Carboxymethly

Figure 5: Starch modification – a general overview of chemical and physical modifications

4.3.2 Starch liquefaction
Through depolymerization of the macromolecular starch polymers, solutions of oligomers or even monomers
can be obtained. The insoluble starch is converted into liquid syrups. This liquefaction can be done either
chemically and/or enzymatically and can be controlled very precisely so that a broad range of syrups can be
produced.
Starting from these syrups, further modifications, like: isomerization, epimerization, hydrogenation or also
crystallization, are possible to achieve products of the desired properties.
The food industry has a large demand of starch derived syrups and mixtures thereof bringing additional
functionality to many sectors (beverages, confectionery, dairy products…), contributing to the texture, color
stability and flavor of the final product, while also remaining economic.
For industrial applications mainly the low viscosity of high dry solids containing syrups is interesting as well as
the ability to (co)polymerize these mono- and oligomers again to polymers specifically designed for the
application of interest.
This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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Figure 6: Starch liquefaction process

Basically the idea of the feedstock selection consists in converting the starch, actually used in the “declining”
industrial (non-food) applications such as graphic paper coating binder, into oligomers (maltodextrin) or
monomers (glucose and fructose) which better fit the application requirements as ingredient for wood
binder.
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5 Feedstock selection criteria
The objective of the WP1 is to select the most sustainable feedstock from the Starch-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 first step therefore must be to agree on a set of criteria according to which the feedstock candidates can
be compared and ranked for their suitability.
Five clusters of selection criteria were identified:
1. Economic considerations
2. Technical applicability
3. Sustainability
4. Ease of use
5. Reactivity

5.1 Economic considerations
Availability of feedstock in sufficient quantity to serve a significant share of the European wood composite
panel market is an important factor to consider in the selection of material.
Both wheat and maize meet this requirement largely. However, in order to meet the technical needs of the
application, native starches are not well suited.
Important is then to consider not only the availability of the raw material but also the capacity in the industry
to convert starch to the selected derivative.
Starch Europe reports that already today the majority of starch consumed in Europe, is not used in its native
form but rather as sweetener or syrup (54%) and as modified starch (19%).
A high volume commodity market for these products is already in place giving confidence that additional
capacity can be freed if required.

Figure 7: Consumption of starch and starch derivatives in EU 28, source: www.starch.eu
This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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Feedstock price is obviously as important as availability. The best product meeting all technical requirements
is only commercially viable if the industry and finally customers and consumers can afford it.

Existing petro-chemical solutions in the market shall serve here as a benchmark. Important is however not only
the absolute cost of the binder but rather the cost in-use as different binders have also different “binding
efficiency” or, in other words, they may require different dosage to get a final wood board respecting industrial
standards.

As existing solutions we consider here: polymeric diphenylMethane DiIsocyanate, from here on simply called
pMDI, and Urea-Formaldehyde resins, or UF resins. Although both solutions are available in the market, 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 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 price 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)



Wheat and maize as raw material for starch production are marketed at a price level around 160 –
190 €/MT (Source: EuroNext Commodities, Matif)
Conversion to starch or starch derivatives is obviously adding additional cost on top so we end at a
level between 400 - 600 $/MT for commodity glucose syrups and 350 – 550 $/MT for high-fructose
syrup (HFS 55). (Source: LMC International – Global Markets for Starch Products, Starch Sweeteners
2017)



Depending on the final recipe of the resin and the necessary dosage, the cost in use of the binder will be
competitive versus UF and/or pMDI resins. However, it already appears quite realistic to consider carbohydrates
as binder because, at least, the project is built on a reasonable feedstock cost.

5.2 Technical applicability
SusBind project expects 48 months to deliver a TRL5 solution, i.e. a technology validated in relevant industrial
environment.
As the willingness to implement major changes in the asset-heavy wood composite panel manufacturing
industry cannot be assumed, project SusBind is aiming for a solution applicable on existing assets with only
minor adjustments required.
This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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It makes then sense to look to a feedstock with, at least, physical properties as close as possible to incumbent
solutions and then “similar” to Urea Formaldehyde and pMDI resins.
These resins exhibit high dry solids: 65-68% and 100%, respectively. Consequently, comparable dry solid
contents are expected as well for the SusBind solution because high amount of water effect negatively the
economics of the whole process as evaporation costs.
Despite the high solid content, UF and pMDI binders have very low viscosities (around 500 mPa*s at 20°C; 100
– 250 mPa*s at 25°C, respectively). Low viscosity is crucial for an efficient binder in the wood composite panel
industry. A good spread of the binder on the substrate (wood chips or fibres) is critical for good final board
performance and can only be obtained with a low viscous binder.
Then, as minimum technical requirement, the feedstock based on carbohydrates should be delivered at high
dry solid and low viscosity being these two properties beneficial for further conversion to the resin and
downstream processing.

5.3 Sustainability
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 foot print
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 and particularly: maltodextrin, glucose and fructose as such.
The majority of data on the carbon footprint of most of the starch derivatives is available from Starch Europe
as average members data within the European Union.
As extensively described before, for both wheat and corn processes, the industrial steps are can be simplified
as follows:
Starch de-polymerization  Maltodextrin further de-polymerization Glucose epimerization  Fructose

Starch Europe reports the Carbon Footprint of several starch derivatives but it doesn’t distinguish the carbon
footprint for maltodextrin, glucose and fructose: for all of these feedstocks the Carbon Footprint has been
calculated as 843 kg CO2-eq per metric tonne (100% d.s.).
Although evident from the process that the carbon footprint cannot be exactly the same for all the selected
feedstocks, a fast assessment indicated that the differences are negligible. Project deliverable 5.2 will further
comment this assumption but in general the simplification to keep the same carbon footprint for maltodextrin,
glucose and fructose is very reasonable being the differences very small.

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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5.4 Ease of Use
A commercially viable solution must not create significantly enhanced complexity at the user site. Ease of use
is thus a key characteristic of any new technology for sustainable implementation in the industry.
Raw material handling is crucial in this regards. When carbohydrate based solutions are introduced to an
industry that is used to work with synthetic chemicals, microbiological stability becomes an important factor.
The new resin and also the feedstock to produce the resin must be either stable by its intrinsic characteristics
or it must contain a sufficient amount of biocide because, in general, starch derivates are easily biodegradable
and then subjected to fermentation.
Besides, whereas synthetic chemicals usually exhibit rather constant product characteristics nearly irrespectively
from the storage temperature, natural substances and carbohydrate based products particularly show
significant variations in viscosity depending on temperature or they can even show the tendency to
crystallization. It is then also important to consider the storage temperature as key parameter to properly
manage the bio based solution.

5.5 Reactivity, Chemistry
5.5.1 Starch
Starch, like cellulose, is a polymer of D-glucose. There is only a small but significant difference between the
molecular structure of these two biopolymers that is responsible for the completely different properties that
these materials exhibit. While starch is composed of the alpha-enantiomer of glucose, cellulose is based on the
beta-enantiomer of glucose in its cyclic form.
Most starches are composed of two components: a linear fraction called amylose and a branched fraction
called amylopectin. The relative proportions of these two fractions depend on the botanical source and have
significant impact on the properties of the starch.
Starch molecules are arranged in the starch granule in semi-crystalline way resulting in a characteristic
appearance under polarized light.

Maize starch granules

Wheat starch granules

Figure 8: Characteristic semi-crystalline appearance of maize and wheat starch granules under polarized light

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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During heating of the starch, these semi-crystalline structures are dissolved and the starch is solubilized to a
starch paste. When cooling down the starch solution again, some re-crystallization can happen leading to a
significant increase of viscosity. This process is referred to as retrogradation.
A schematic illustration of starch cooking and cooling is shown in Figure 9.

Figure 9: Schematic illustration of starch appearance and viscosity depending on time and temperature

Through modification of starches, as described in section 4.3.1, viscosity and solubility of the starch can be
adjusted through physical modification.
Through chemical modification, a number of functional groups can be introduced to the starch polymer to
modify its properties according to the specific needs of the application. There are however practical limits to
the degree of substitution and hence the degree of modification, and in any case at one step in the process,
heating of the starch is required to make its intrinsic functionality apparent.
An excellent review on starch modification is reported in: “A review of the chemical modification techniques of
starch, Carbohydrate Polymers 157 (2017) 1226–1236”

5.5.2 Glucose
D-glucose is the monomeric component of the polymers cellulose and starch. In food and non-food industry,
the term glucose is often used also for glucose containing syrups consisting of a mixture of mono-, di- and
oligomers of the molecule α-D-Glucose.
The Glucose monomer has the molecular formula C6H12O6 and is hence a hexose (a sugar containing six carbon
molecules) containing 5 hydroxyl (OH) groups.
Glucose exists both in its cyclic and open form. In the open chain form it becomes obvious that glucose is
chemically an aldehyde (C=HO) and is considered a reducing sugar. To get to the cyclic pyranose form, the
hydroxy group at the C5 carbon atom reacts with the aldehyde group of the C1 carbon atom, forming a
hexagon.
Glucose can undergo multiple pathways of chemical reactions such as oxidation of the aldehyde group to
gluconic acid, reduction of the carbonyl group to an alditol (Sorbitol).

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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Many useful principal derivatizations are described in: “Carbohydrates as green raw materials for the chemical
industry, F.W. Lichtenthaler, S. Peters, C. R. Chimie 7 (2004).”

5.5.3 Fructose
D-Fructose is a ketohexose, meaning it comprises six carbon atoms as glucose but reveals a keto group instead
of an aldehyde group.
In nature it can be found in many plants, where in most cases it is bound to a glucose molecule to form the disaccharide sucrose. Industrial production of fructose is usually done through isomerization of glucose.
In the food industry, fructose is mainly known because more sweet than sucrose and also for its reactivity with
amino acids, following the Maillard reaction, eventually resulting in non-enzymatic browning.
Although slightly more expensive than glucose, fructose is an interesting building block both because of
physical and chemical properties.
Solutions of fructose in water are indeed pretty stable and crystallization doesn’t occur easily thus making
fructose solutions a very interesting bio based chemical for industrial processing.
Finally, with regards to the chemical reactivity fructose exhibits the interesting properties to easily dehydrate
to 5 Hydroxy Methyl Furfural, simply known as HMF, a very interesting building block: “Hydroxymethylfurfural,
A Versatile Platform Chemical Made from Renewable Resources, Chem. Rev. 2013, 113, 1499−1597”

5.5.4 Maltodextrin
Maltodextrins are not defined in the “EU sugars directive”. An EU starch industry definition exists published in
Starch 43,6,247 (1991) that describes them as nutritive saccharides consisting of glucose and its oligomers and
polymers, with a dextrose equivalent (DE) of less than 20. A similar definition exists from the FDA GRAS
affirmation: non-sweet, nutritive saccharide polymers consisting of D-glucosyl units linked primarily with alpha1,4 bonds and having a DE less than 20.
Maltodextrins exhibit hence comparable possibilities for reactions as glucose does. But unlike for Glucose,
Maltodextrins are already oligomers and can basically be considered as prepolymers. This can be both an
advantage or a disadvantage. On the one hand, the polymerization reaction to happen during the curing step
of the wood panel is starting form a material that has already a higher molecular weight, on the other hand
the degree of freedom for customized polymerization is reduced.

This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU
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6 Preliminary feedstock selection
Taking into account the five outlined selection criteria: economy, applicability, sustainability, ease of use and
chemical reactivity, it was decided in early stage of the project to work with starch syrups and not with
native or modified starches:
-

Calculated on dry basis, syrups are in a similar range of cost as native starches and even cheaper than
many modified starches.

-

The volume of syrups on the market is already today remarkable and capacity can be increased in
case there is a demonstrated need.

-

High solid content and low viscosity make them very user friendly and will provide full freedom to
adjust dry substance content in the process of the resin synthesis.

-

It is difficult to apply sustainability criteria with the aim to prioritize syrups versus starches. Due to
more energy consumption for production of liquefied syrups compared to starches, the carbon
footprint might be higher. However, the additional amount of energy invested in the feedstock
production will probably be saved later in the process then in the production of the resin, as starch
would need to be functionalized by heat.

-

Ease of use is clearly in favor of liquid syrups. Liquid syrups don’t require any further functionalization
but are basically ready to use for the resin production process.

-

Also, dry solids are high enough to stabilize these products against a broad range of
microorganisms.

-

Starches are polymers with intrinsic properties and functionalities, which can be changed and
modified within limits. Using monomers or oligomers in combination with co-reactants however
allows creating new polymers specifically designed to the application.

With this background, three types of liquid carbohydrate based feedstocks were selected and provided
to the leader of Work Package 2 for evaluation of their suitability to serve as feedstock for conversion to
more reactive intermediate products finally resulting in a bio-based resin:
1.
2.
3.

Fructose Solution FF95
Glucose Solution GU95
Maltodextrin MDX17
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Fructose solution
FF95

Glucose solution
(Dextrose)
GU95

Maltodextrin
MDX17

318 (F42 )
(estimate 400 for FF95)

350

350

not on market

abundant

abundant

Potential availability

short term: > 20 kMT
mid term: abundant

abundant

abundant

Typical dry solids [%]

70

75

65

250 mPas
(70% d.s., 25°C)

450 mPas
(75% d.s., 30°C)

8000 mPas
(65% d.s., 30°C)

any

cristallizing at RT
caking

any

At 95% purity only
development product

commodity product

commodity product

Market price [€/MT] c.b.
(LMC Int.)
Current availability [MT/y in EU]

Typical viscosity [mPas]
Storage precaution
comments
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receives support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.
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