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SUMMARY
At the request of the Netherlands Ministry of Agriculture, Fishery and Food Quality, InnoTact
Consulting and TNO Quality of Life have investigated the market potential of a selected group of
13 biobased compounds. The market potential of the individual compounds was investigated by
assessing the commercial potential and the industrial relevance. We have investigated the
commercial potential through desk research by assessing the application possibilities of the
compounds and related market sizes in the context of the present related Netherlands industry.
The industrial relevance, defined as the willingness of individual companies to invest in the
individual biobased compounds, could be ranked through targeted input from selected
companies that are or could be involved in the production of these biobased compounds.
The rationale for investigating the market potential of the individual compounds was to identify
the need for governmental support in order to create chances for a Biobased Economy in the
Netherlands.
Commercial potential
For about half of the number of products (7) we assessed the commercial potential as
‘moderate’; for the remaining 6 products the commercial potential was considered as
‘promising’. There were no compounds with the classification ‘limited’ commercial potential. In
view of the selection criteria for the 13 compounds that were used in Phase 1 of the project this
is not surprising.
Industrial relevance
The industrial relevance in the individual biobased compounds varied between 4.8 and 9.0 (on a
scale of 0 to 9). This means that there is considerable interest from the Netherlands companies
that have been consulted for this study to invest in the 13 biobased compounds. We have
ranked products with industrial interest between 1 and 4 as ‘low’, between 4 and 7 as ‘moderate’
and above 7 as ‘high’.
Surprisingly we found no correlation between the commercial potential and industrial relevance:
some compounds showed a ‘moderate’ commercial potential and ‘high’ industrial relevance,
other a ‘promising’ commercial potential and only ‘moderate’ industrial relevance.
Market potential
The market potential of the 13 biobased compounds was assessed by integrating the outcomes
for commercial potential and industrial relevance. We used a classification in three categories:
‘less relevant’, ‘relevant’ and ‘very relevant’:
From the perspective of this study the category ‘very relevant’ implies that compounds are
commercially interesting and may not need governmental support in order to develop into
successful products on established markets. Likewise the category ‘relevant’ implies that
governmental support is most likely needed; the category ‘less relevant’ implies that
commercializing the biobased product may not interesting (see Figure 1).
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MARKET POTENTIAL BASED ON COMMERCIAL POTENTIAL AND INDUSTRIAL RELEVANCE

The market potential for each of the individual biobased compounds is shown in Figure 2: nine
compounds are assessed as ‘very relevant’ products, including a top 3 (green) and six other
very relevant compounds (aqua). Three products are assessed as ‘relevant’ (blue) and only one
‘less relevant’ product (red).

FIGURE 2

MARKET POTENTIAL FOR EACH BIOBASED COUMPOUND1

On the basis of the assessment of the 13 products on commercial potential and industrial
relevance our general conclusions are the following:
- Most biobased products are still more costly than the petrol based alternatives.
- The properties of the biobased products mostly differ from those of the petrol based
equivalents. Some properties are better, other are worse for specific applications.
- For some niche markets, biobased products are ready for introduction, but not for many
other. This implies that the substitution of petrol based products by biobased products is not
uniform (in one solid market block) but will gradually trickle down the market scattered over
many sub-markets.
- For most companies it is not important that a raw material has a Dutch origin.

1

See introduction section for explanation of the abbreviations.
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Companies generally don’t consider the competence level of know how and marketing within
the company crucial in the decision to invest in the development of a new biobased product.
Nevertheless, know how is still required to solve the largest bottle neck: the high production
costs.
Market size, unique advantages and return on investment are most important in this
decision.
Most companies are worried about the chances on return on investment when investing in
biobased products, even when the potential market is large and the strategic importance for
the company is high.

All in all we conclude that for the majority of the biobased products the high production costs
seem the main bottle neck for market introduction. As a consequence companies are cautious in
investing in biobased products, as the risk on insufficient return of investment is considered too
high. In the current free market economy biobased products will not be introduced rapidly.
Governmental measures can be helpful in lowering the barriers for companies to invest in
biobased products; they will be addressed in phase III of this study.
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INTRODUCTION
The Netherlands government has the policy objective to stimulate the biobased economy. The
use of materials, chemicals and fuels produced from biological materials can save fossil
resources, reduce the emission of carbon dioxide, decrease negative effects on the
environment and health, support the agricultural sector and can lead to product innovation (in
particular in the chemistry sector). Preferably, the production of biobased materials, chemicals
and fuels, in particular high value compounds, should be produced in the Netherlands using
local feedstock, importing these feedstock should only take place in case of shortage. The
Netherlands is in a good position to develop a biobased economy as it has a high qualified
knowledge position at universities, institutes and companies, a strong and productive
agricultural sector, a strong chemistry sector and large ports to import biomass (Overheidsvisie,
2007).
Nevertheless, the biobased economy does not develop fast enough. Many biobased products
are still more expensive than the conventional alternatives and (expensive) R&D is required to
make them more attractive to the market. This is one important factor that slows the introduction
of these products. Other factors that retard the developments are uncertainties about raw
material prices and legislation, problems to organize the complete production chain and
approval procedures. Government intends to stimulate a fast development of the biobased
economy, e.g. by R&D subsidies, investment funds, taxes and laws. However, the efficacy of
these measures is not known beforehand and depends on the specific problems of each
product/market combination.
This project addresses the potential attractiveness of individual biomass-based products in the
context of the Netherlands industry and (research) strengths in this field and identifies and
defines possible governmental support for the development of biobased products to marketable
products.
In order to support the Netherlands government’s decision making on which measures should
be chosen in order to speed up the realization of a biobased economy and more specific to
support the development of potential attractive biomass-based products, TNO and InnoTact
Consulting were commissioned to do a study on the market chances for the biobased economy
in the Netherlands. Food and feed products were excluded as well as traditional construction
materials. The study was split up in three parts:
1. Inventory of potential attractive products (combined with a production process) that are
available or under development, and a pre-selection of the most promising.
2. Market study of selected products based on commercial potential and industrial relevance.
The products are categorized in three classes: High chance (sells itself without government
stimulation, high impact), Medium chance (introduction is promising but needs government
intervention) and Low chance (likely not feasible).
3. Proposal of which policy instruments the Netherlands government can use in order to
stimulate ‘Medium Chance’-products.
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This report presents the results of part 2 and provides insight in the market potential of a group
of 13 products of the chemical industry that have the best chances: polymers (4 products), base
chemicals (6 products) and a rest group (3 products). Of the group of five rest products that
have been proposed as outcome of part 1, two product groups (proteins and
biopharmaceuticals) have not been included in this market study as they are too broad to be
covered. For the product group of enzymes the project team has decided to focus on cellulases
because of their crucial role in the production of second generation bio-ethanol.
This leads to the list of 13 products (groups) that have been included in this study.
1.
2.
3.
4.
5.
6.
7.

Polylactic acid (PLA)
Agro fiber composites (AFC)
Thermoplastic starch (TPS)
Modified starch (MDS)
Succinic acid (SCA)
Ethanol (ETH)
Itaconic acid (ICA)

8.
9.
10.
11.
12.
13.

Isosorbide (ISB)
Tetrahydrofuran (THF)
1,4 butanediol (BTD)
Biobased paints (BBP)
HTU Diesel (HDL)
Cellulase (CEL)

Per application we have measured the commercial potential and the industrial relevance by
using a combination of methods.
Commercial potential
For the assessment of the commercial potential the main method used is desk research. Data
were collected on the price levels of the biobased product and of the petro-chemical
counterparts, on market volumes, import/export figures, numbers of companies (mostly focusing
on the producers) inside The Netherlands and outside and additional information on future
trends. Data sources include governmental reports, articles in the scientific and in the popular
press, websites and other sources. On the basis of the data and information available (for some
products, data availability was rather poor) a semi-quantitative estimation of the commercial
potential was made and products were ranked as ‘limited’, ‘moderate’ or ‘promising’.
Industrial relevance
The industrial relevance was measured by using a structured questionnaire. Firstly, the
companies were asked to score a set of 17 criteria on their importance (9- point scale) for the
company when assessing whether or not to invest in the development of a new product: 1 is ‘not
important’ and 9 is ‘extremely important’. Secondly, they were asked to score the (expected)
performance of a selected, specific product group on each of the 17 criteria on a 9-points scale:
1 is ‘very bad performance’ and 9 is ‘very good performance’. Through multi-decision criteria
analyses (MCDA) the industrial relevance in the specific product could be quantified. This was
done by multiplying the relative weight of each criterion by the score of a product on the same
criterion. The total sum of these numbers led to a final score for industrial relevance. A division
was made between products that have a low industrial relevance score (1 < score < 4), a
moderate industrial relevance score (in the range 4 < score < 7), and a high industrial relevance
score (7 < score < 10).
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The questionnaire was sent to selected Netherlands chemical companies that are active in R&D
and/or production of one of the 13 products or that are expected to have interest in becoming
active in the specific business. Selection of the chemical companies was done by consulting
associations of the chemical sector (KNCV, VNCI), by visiting websites of chemical companies,
by assessing lists of present persons at biomass conferences, and by consulting persons at
conferences. Both companies that already produce biomass-based products and companies
that do not (yet) produce biomass based chemical products have been included, and as well as
Netherlands companies and international companies with a Netherlands division. By this a
relatively wide audience was reached with the aim of randomization and prevention of bias.
By combining the scores on commercial potential versus the industrial relevance a 3 by 3 matrix
is created which included the three categories for the market potential: ‘less relevant’, ‘relevant’
and ‘very relevant’. The ‘very relevant’ category implies that the product from a commercial
perspective is interesting and that governmental support may not be needed but can be very
helpful in realizing this potential. The ‘relevant’ category implies that producing the product on
the basis of biomass is less commercially interesting and that government support most likely is
needed to stimulate development and market introduction. The ‘less relevant’ category implies
that making the product on the basis of biomass is most likely not commercially interesting.
The combination of the limited available information for each product, especially with respect to
the Netherlands market, and the complex and very dynamic nature of each product application
makes that the conclusions and recommendations should be regarded with some care.
The rest of this report holds the 13 chapters with the results of the market study for each of the
13 products. The Introduction section presents information about the production process of the
product, its chemical properties, applications and its value chain. The second section of each
chapter presents the data for commercial potential and includes (depending on data availability)
the subsections: price levels, market volume, import / export figures, producers in the
Netherlands and outside, SWOT and other information/ trends. It closes with a subsection ‘Final
ranking’. The third section of each chapter presents the results of the Industrial relevance study.
It informs the reader about how much companies have filled in the questionnaire for the specific
product group, its presents the combined scores of these companies on the importance of the
17 criteria, the assessment of the performance of the specific product on the 17 criteria by the
companies and the final score for industrial relevance based on the multi-decision criteria
analysis. The fourth sector integrates the outcome of the commercial potential and industrial
relevance to the final ranking of the biobased product.

ERROR! REFERENCE SOURCE NOT FOUND.
ERROR! REFERENCE SOURCE NOT FOUND.

PAGE 9 OF 108

TNO QUALITY OF LIFE
DELFT-ZEIST

2

INNOTACT CONSULTING B.V.
LEUSDEN

POLYLACTIC ACID (PLA)
2.1

Introduction

PLA is a biologically degradable and thermoplastic polymer produced out of lactic acid.
Polylactid acid (PLA) was first made in 1932 by Carothers, who developed a process involving
the direct condensation polymerisation of lactic acid under high vacuum (Woodens, 2006). The
new biotech-based process of NatureWorks® - the registered name of the biotech-based PLA developed by Cargill and Dow involves extracting sugars from corn starch, sugar beet or wheat
starch and then fermenting it to lactic acid. The lactic acid is converted to the dimer or lactide
which is purified and polymerised to polylactic acid using a special ring-opening process without
the need for solvents (www.NatureWorksLLC.com).
2.1.1

Chemical properties

Lactide is a cyclic dimer composed of two units of lactic acid. Lactic acid is a molecule that has
two forms, D- and L-lactic acid. The L-form is the natural kind found for example in milk. The Dform is less commonly available because no wild microorganism strain has been found to
produce it. Combining L-PLA with D-PLA creates a stereo complex with much higher heat
resistance (melting point of 215°C vs 135°C).
Advantages of the use of PLA are its biodegradability under composting conditions and a
reduction in the use of mineral oil with 68% for its production. Advantageous properties are high
clarity and gloss, high stiffness and easy processability. Challenges in the production are,
among others, its relative high density and relatively slower cooling process. Properties of PLA
that need to be improved are heat resistance, low oxygen barrier, and crispiness (Schutt, 2007).
2.1.2

Applications

PLA is mainly used for the production of compost bags, loose fill peanuts, packaging film and
sheets, and food containers (thermoformed trays and cups). Biodegradable compost bags for
compost collection are a successful application because of labor savings. The bags don’t have
to be opened, but go directly into the compost, (although not all municipalities allow such bags
to be entered into the compost waste stream). Loose fill peanuts, used for shipping of fragile
goods, are popular for their biodegradability. The same holds for packaging materials. However,
some products combine biobased and petro-based materials to improve product properties. The
term bio then gets muddled. Other applications are consumer electronics and car parts.
Competing polymers that to a certain extent can be produced biobased are PGA, PHA, PTT,
PE, PBS, polyurethane, polyamide, and cellulose polymers. Petro-based materials with the
same applications are PP, PET, PVC, and PS. PLA is also made for medical applications. This
PLA – which is made in low volumes - meets specific product requirements.
In the Netherlands an increasing number of companies is interested in products made from
PLA, Albert Hein and The Greenery are increasingly eager to pack their products in
compostable packages. Such initiatives generate a market demand which can be further
strengthened through the proper governmental purchasing strategy: the government as
launching customer.
2.1.3

Value chain biobased biobased PLA

See next page
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Commercial potential

This is the first of a series of four biopolymers, chapter 3 to 5 include also biomass based
polymers: agro-fibers composites, thermoplastic starch and modified starch. We have grouped
all information on petro-based and biomass based polymers in this chapter and referred to it in
the other three chapters.

2.2.1

Price levels PLA and competing petrochemical products

TABLE 1

PRICE LEVELS OF PLA

Product
PLA
PLA
PLA

Price (min, €/ton)
1,700
2,200
1,500

Price (max, €/ton)
na *
3,400
4,000

Year
2006
2003
na

Source: Bolck, 2006
* na: no data available

TABLE 2

PRICE LEVELS COMPETING PETROCHEMICAL PRODUCTS

Price
(€/ton)

Price
(€/ton)

Year

Reference

853

1,060

2007

(LME Official Plastics Prices
for 15 May 2008, 2008)

880

1,713

2008

(Street PLastic Prices Report,
2008)

polystyrene

1,140

1,288

2008

(Street Plastic Prices Report,
2008)

polyethylene

1,006

1,067

2007

(LME Official Plastics Prices
for 15 May 2008, 2008)

734

881

2008

(Street Plastic Prices Report,
2008)

Product
polypropylene

polyethyleneterephthalate

Overall, the prices of most bioprocessed polymers are still high compared to oil-based
polymers, although the prices of these conventional plastics have increased considerably since
1998. The high prices for bioprocessed polymers are mainly due to high development costs and
small capacities. Prices will decrease when production capacities increase and alternative raw
material sources are developed from other than food crops (Reiss et al., 2007).
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Production volume and sales bioplastics

The total annual production of bioprocessed polymers in 2006/7 is estimated at about 250,000
tons. This is .07% of the total plastics production in 2006 (on the basis of a plastic production of
202 million tons in 2003 and a growth rate of 4.4% per year) (Enzing et al., 2008). Other
sources show much higher figures. Festel et al. (2004, presented in Dechema 2004) state that
in 2001 1% of the polymer production was bioprocessed (representing € 2.2 billion of a total €
281 billion). According to the association ‘European Bioplastics’ the share of bioplastics out of all
plastics produced worldwide amounted to about 350,000 tons in 2006 (ie 0.2% of worldwide
production capacity) (www.european-bioplastics.org). Differences between these figures might
be explained by the different definitions used for biopolymers and bioprocessed polymers, but
also by an incomplete overview of the world wide activities in the field (as for instance data for
the Japanese and Chinese PLA production are missing).
2.2.3

Market data

The world market of biodegradable packaging is estimated at 42,000 ton (2006), with an
anticipated growth of 22% the market is expected to grow to 116,000 ton in 2011. The majority
(41%) of the use of biodegradable packaging material is in the fresh food sector, minor shares
are for food service (28%), other food use (18%) or non food-use (13%). The total fresh
segment represents a volume of 18,000 ton (PIRA-international-ltd, 2006).
The total biopolymers market in Europe has a volume of 30,000 ton (loose fill 25%, compost
bags 50%, packaging 8%, paper coating 12%, rest 5%). Starch based biopolymers are 36% of
market biodegradables (Kunststof en Rubber, 2004).
TABLE 3

SALES DATA PLASTIC PRODUCTS IN THE NETHERLANDS

Product
Plastics granules (total):
Products of rubber or plastics
Packaging plastics
Polyethylene garbage bags
Garbage bags (excl. Pe)
Plastic boxes
Plastic bottles
Other

Product sales (2006)
11,832 million euro
5,607 million euro
1,273 million euro
205 million kg
88 million kg
503 million kg
175 million pieces
944 million euro

Source: CBS, 2008
TABLE 4

NETHERLANDS IMPORT/EXPORT DATA FOR PLA

Year
2007

Import (k€)
7,967

Import (tons)
6,328

Export (k€)
29,286

Source: CBS, 2008
TABLE 5

PRICE LEVELS FOR PLA IN THE NETHERLANDS

Year
2007

Price (€/ton) (import)
1,259

Price (€/ton) (export)
3,625

Source: CBS, 2008

2.2.4

Production of PLA

The main producers of PLA and lactic acid in the Netherlands include:
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Purac: CSM subsidiary Purac produces PLA only in small amounts for medical applications.
Purac mainly produces lactic acid. Purac is discontinuing its lactic acid manufacturing in the
Netherlands and moving production to its factories in Thailand, Brazil and the US.
Hycail: In June 2006 Tate and Lyle bought Hycail, a Netherlands university spin-off that was
a subsidiary of Dairy Farmers of America (DFA) until March 2006. Hycail was set-up in 1997
to investigate the production of PLA from lactose in whey permeate, a by-product of cheese
making. Hycail has a small PLA pilot plant (Reiss et al., 2007).

The main producers of PLA and lactic acid outside the Netherlands include:
- Nature Works (USA; capacity of 140ktons per year)
- BASF (Germany)
Smaller producers are:
- Boehringer Ingelheim (Germany)
- Uhde Inventa-Fisher (Germany)
- Treofan (Germany)
- Galactic (Belgium)
- Chronopol (USA)
- Mitsui Chemicals (Japan)
- Shimadzu (Japan)
- Toyota (Japan)
2.2.5

SWOT PLA

TABLE 6

SWOT POLYLACTIC ACID

ERROR! REFERENCE SOURCE NOT FOUND.
ERROR! REFERENCE SOURCE NOT FOUND.

PAGE 14 OF 108

TNO QUALITY OF LIFE
DELFT-ZEIST

2.2.6

CONFIDENTIAL

INNOTACT CONSULTING B.V.
LEUSDEN

Other information and trends

In general, the biomass-based and bioprocessed polymer industry has a bright future.
Worldwide there are major drivers such as climate protection regulation, oil politics and
sustainable developments that stimulate these developments. In Europe, Hycail/Tate and Lyle
(UK) plans new production facilities with a capacity of 50,000 ton per year, within the next five
years. Recently Uhde Inventa-Fischer (Germany) signed a contract with a Chinese company to
build a PLA plant with a capacity of 10,000 ton per year in China (Reiss et al., 2007). In the
United States Cargill is in the process of engineering micro-organisms that convert pentose
sugars as well as glucose into polylactide. This would enable the use of lignocellulosic material
such as corn stover and rice straw, decreasing production costs and providing a higher value
outlet for low value agricultural residues (ibid).
Production volumes of bioprocessed polymers are expected to grow and will replace oil-based
polymers (especially PET). However, the forecasted trends differ a lot. Short term projections on
a global level are that in 2010 15% of the polymer production will be bioprocessed polymers
(representing about € 32 billion (based on global sales of about € 225 billion). The market
expectation for PLA in 2020 amounts to 3.6 million tons/year (IBTT/2003), the market
expectation for the North American market is 640,000 tons/year (SRB/2007). By 2020 according to a Toyota spokesman - 20% of the world's plastic production will be biopolymers
(Shireman and Wohlgemuth, 2005). Based on a market value of USD 2 billion in 2001 and a
growth rate of 4.4% it is estimated that bioprocessed polymers in 2015 will represent a market
value of about € 2.3 billion.
The growth of bioplastics production will be mainly located in the USA, Japan and China. Patel
et al. (2006) argue that the European (EU15) production volume of bioprocessed polymers that
are commercialised today or that are close to commercialisation are not expected to exceed 23 million ton until 2020, representing 4.4% to 6.7% of the current polymer market (about 45
million ton in Western Europe in 2000).
2.2.7

Overall ranking commercial potential

Price levels of (cheapest) PLA are currently 1.5 times higher than (most expensive) oil based
plastics. Yet the price of the biobased product shows a stable decreasing trend caused by both
improved (and still improving) product qualities and an increasing demand for PLA. Market
volumes, both worldwide as in the Netherlands, are still less than 1%. Projections, however,
show an expected market share of 10% in the near future. As the Netherlands have a large
plastics market, related industries and a good research position in this field, the potential for
PLA is ranked as ‘promising’.

2.3

Industrial relevance

Four companies that are active in or interested in lactic acid or polylactic acid business have
filled in our questionnaire.
Figure 4 shows the average ranking of these four companies of the importance of each of the
criteria they (would) use for the decision whether or not to invest in the development of a new
product. A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 5 shows the average score for the companies on the (expected) performance of PLA,
using the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’.
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One respondent stressed that though the availability of raw material is of large importance, for
an international market it is not relevant whether the raw material comes from the Netherlands
or from abroad! It has to be available for a competitive price.
The overall score of PLA is 7.2 points (‘high’), on a scale from 1 to 9.

FIGURE 4

MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE BIOBASED PLA.
AVERAGE OF FOUR COMPANIES
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FIGURE 5

POLYLACTIC ACID SCORED ON THE CRITERIA. AVERAGE OF FOUR COMPANIES

2.4

Conclusion

The combination of ‘promising’ commercial potential and ‘high’ industrial relevance results in the
final ranking of PLA as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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AGRO-FIBER COMPOSITES (AFC)
3.1

Introduction

Agro or natural-fiber composites are a combination of plastics and agro-fibers like flax, hemp,
jute and wood to improve material properties such as strength and stiffness. They are produced
by in-line compounding and compression molding of the agro-fibers and plastic polymers. These
polymers can be petrobased as well as biobased, but most used is polypropylene (Greengran,
2006).
3.1.1

Chemical properties

During the production process, chemical bonds are formed between the plastic and the fiber.
The polymer formed consists then of interlinked molecules.
Advantages of natural fiber composites over glass fiber are that it is cheaper, lighter, as strong
as, almost twice as stiff, insulates better, has better flame retardancy properties, and has no
sharp edges after crashes. Moreover, after its economic life span it can be incinerated to
produce energy, which is more difficult for glass-fiber reinforced composites (because of ash
residues). Besides, the same mould design can be used (GreenGran, 2006).
3.1.2
-

Applications

The potential applications of natural fiber reinforced plastics are numerous. Some areas of
interest are automotive industry, packaging industry, consumer products, and building and
construction industry. In automotives, fiber reinforced plastics can be used for inner and
outer parts. In interior automotive applications they have the advantage of not injuring
passengers when an accident occurs because the fibers are soft and not harsh as glass
fibers. In the packaging industry an advantage is weight reduction, which saves fuel during
transport. For consumer products advantages are reduction of plastics use, re-use and
flame retardancy. Examples include household applications like in computers, refrigerators
and cell phones. Reduced weight, lower costs and flame retardancy make these fiber
composites also interesting for building and construction. By mixing of biobased/petrobased
plastics and addition of 1) additives and 2) fibers and use of new processing technologies to
widen the possible applications and hence increase the number of applications of the
composite.

3.1.3

Value chain biobased biobased agro-fiber composites

see next page
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In 2007, the area used of hemp production in the Netherlands was 13,500 are and for flax
production it was 345,00 are (CBS, Centraal Bureau Statistiek, 2008).

3.2

Commercial potential

3.2.1

Price levels

The market price of hemp is 0.06 €/kg (IBTT, 2003), data on the market price of flax are not
available. We have no price indication of agro-fiber composites, when processed in car mats
fibers are available at 1.77 to 2.66 €/kg (IBTT, 2003). Competing products including glass fiber
are available at 0.89 to 1.34 €/kg.
The prices of polymer raw materials have increased 12-15% in the period of 2006 to 2007 and
will keep rising (also affects agro-fiber composites, particularly when polypropylene is used as a
matrix). The prices of plastics can be determined up to 70% by the raw material costs.
3.2.2

Market volumes

TABLE 7

MARKET (TURNOVER) DATA ON FIBERS AND FIBER COMPOSITES

Product

NL

Agro-fiber
composites
Glass fiber

World wide

Source

€ 736,250,000
(2002)

130,000 ton
(2003)
37,000 ton
(2008)

771,000 ton

www.chanvreinfo.ch/info/de/article_prn
584.html
(CBS, Centraal Bureau
Statistiek, 2008)
(Sloan, 2008)

€ 5,000,000
(2005)

Thermoharding
compounds
Glass fiber
composites

3.2.3

EU
€ 625,100,000
(2002)

Production in the Netherlands

In the Netherlands a number of companies (including Greengran, NPSP Composites,
Promolding (so far only R&D), Paperfoam, Tech-Wood, IsoVlas) are active in the agro-fiber
composite market.
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3.2.4

SWOT Agro-fiber composites

TABLE 8

SWOT AGRO-FIBER COMPOSITES

3.2.5

Other information and trends
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For building applications an extra market entrance barrier is that the final products will have to
be certified for use in construction, and compatible with “Bouwbesluit” and other quality (e.g.
KOMO) demands. This often implies additional research (durability, creep, fastening, weathering
behavior, paintability, etc.).
-

So far fiber composites have penetrated only 4% of their addressable market potential. The
growth rate of natural fiber composites estimated on 14% in North America and 18% per
year in Western Europe. An expected growth of 10% in demand for composites for aircraft
market. Market expectations for France show that fiber materials, currently at 0%, can be
9% biobased in 2030. Likewise, composites in France now at 1%, can be 20% biobased in
2030 and polymers now 0%, can be 24% biobased in 2030.

3.2.6
-

Overall ranking commercial potential

The price of agro-fiber composite materials is determined by price levels of fibers and
plastics. Composites with a combination of natural fibers and conventional plastics are
possible, as well as combinations of natural fibers and biobased plastics. The former is
cheaper than the latter. However, natural fibers are a lot cheaper than e.g. glass fiber. This,
plus several superior product qualities of agro-fiber composites are ground for an expected
high potential market share. Worldwide, a limited number of companies are active with
natural fiber composites while in the Netherlands a handful of BVs prove to be very
successful with research in and sale of hemp and flax enforced plastics. In addition, the
Netherlands composites industry is strong in developing new product concepts and
production methods. In view of the unique and very flexible features of agro-fiber
composites, possible new applications and significant market expectations we foresee a
substantial commercial potential. By using e.g. PLA as a polymer matrix, where applicable
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from a functionality point of view, such economic developments can go hand in hand with
increased sustainable production. Therefore we qualify the commercial potential as
‘promising’.

3.3

Industrial relevance

Two companies that are active in or interested in natural fiber composite business have filled in
our questionnaire.
Figure 7 shows the average ranking of these two companies of the importance of each of the
criteria they (would) use for the decision whether or not to invest in the development of a new
product. A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 8 shows the average score for the companies on the (expected) performance of natural
fiber composites, using the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very
good performance’.
The overall score of agro-fiber composites is 5.8 points (‘moderate’) on a scale from 1 to 9.

FIGURE 7

MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF AGRO-FIBER
COMPOSITES. AVERAGE OF TWO COMPANIES
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AGRO-FIBER COMPOSITES SCORED ON THE CRITERIA.
THE SCORES ARE SHOWN SEPARATELY FOR THE TWO COMPANIES
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Conclusion

The combination of ‘promising’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of agro-fiber composites as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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THERMOPLASTIC STARCH (TPS)
4.1

Introduction

Corn, wheat, rice and potato, among others, can be fractionated to yield starch. A starch
polymer is a thermoplastic material made from native starch by chemical, thermal and/or
mechanical processing methods. Most starch polymers are produced through extrusion or
blending of pure or modified starch. Starch-based polymers are biodegradable and incinerable.
There are two major molecules in starch - amylose and amylopectin, thermoplastic starch
consists of amorphous amylose/amylopectin produced by extrusion in the presence of a
plasticizer. The melt viscosity can be varied by the plasticizer level, the solid state behavior
ranges from rigid/brittle to soft/ductile depending on the plasticizer content.
4.1.1

Chemical properties

Starch is a linear polymer (polysaccharide) made up of repeating glucose groups linked by
glucosidic linkages in the 1-4 carbon positions. The alpha linkage of amylose starch allows it to
be flexible and digestible. Starch-based biodegradable plastics may have starch contents
ranging from 10% to greater than 90%. As the starch content is increased, the polymer
composites become more biodegradable and leave less recalcitrant residues. Often, starchbased polymers are blended with high-performance polymers to achieve the necessary
performance properties for different applications. These mixtures have higher stiffness, strength
and heat resistance than un-filled polypropylene (PP) but also have lower elongation and impact
toughness.
4.1.2

Applications

The applications of thermoplastic starch polymers are mainly films such as shopping bags,
bread bags, bait bags, over wrap, 'flushable' sanitary product, backing material, mulch films and
loose fills. Foam loose fill packaging and injection molding products such as take-away
containers are also applications with 50% of the market. An upcoming trend is to use starchbased plastics in the automotive field. It is also targeted for house ware and other consumer
products like toys, consumer electronics, cell-phone, computer housings, cosmetics packaging,
and CD/DVD cases (Plastemart, 2008). Existing methods of processing thermoplastic starch are
injection molding, extrusion, folieblazen, foaming, and casting.
4.1.3

Value chain biobased Thermoplastic starch

see next page
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We have not found public data on the price levels of thermoplastic starch as such.
4.2.2

Market data

For the market data of thermoplastic starch we refer to paragraph 2.2.2.
4.2.3

Market volumes

The total European starch market has a volume of 9 million tons (corresponding to 22 million
tons of cereals and potatoes per year), about 42% (3.8 million tons) is used for non-food use. In
more detail: 30% confectionery & drinks, 1% feed, 27% processed food, 28% paper & board,
10% pharma & chemicals, 4% other non-food) (VTT, 2007).
4.2.4

Production in the Netherlands

Manufacturers of thermoplastic starch in the Netherlands include Avebe (based in Veendam),
Paragon (based in Veendam). Other manufacturers include Novamont (based in Italy, European
market leader) and Cargill (based in USA).
Processing of thermoplastic starch in the Netherlands is done by Van de Hoven, De Haan
Products, Hordijk Spuitgiet Verpakkingen, Stepah NV, Recticel Technical Foams, Bopa
Verpakkingen, NNZ, Naturapackaging, Biolabel (BCPN, 2008), VanderWindt Verpakking
Honselersdijk.
4.2.5

SWOT

TABLE 9

SWOT THERMOPLASTIC STARCH

4.2.6

Other information and trends

-

In the Netherlands 1658 companies are active in producing plastic products (KvK, 2008).
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Overall ranking commercial potential

We consider thermoplastic starch as commercial interesting. Granules of thermoplastic starch
have about the same price as petrobased polyesters while the conversion process (into end
products) is almost equal. The majority of the thermoplastic starch is destined for the
biodegradable packaging sector. Material properties are thus interesting, yet this does not hold
for the market with limited size and low value applications. However, the Netherlands have a
potentially strong position with some starch manufacturers and processing companies. In view
of the limited applications and small volume/low value applications we consider the commercial
potential of thermoplastic starch as ‘moderate’.

4.3

Industrial relevance

One company active or interested in thermoplastic starch business has filled in our
questionnaire.
Figure 10 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 11 shows the score for the company on the (expected) performance of thermoplastic
starch, using the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good
performance’.
The overall score of thermoplastic starch is 8.0 points (‘high’) on a scale from 1 to 9.

FIGURE 10 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF
THERMOPLASTIC STARCH
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FIGURE 11 THERMOPLASTIC STARCH SCORED ON THE CRITERIA

4.4

Conclusion

The combination of ‘moderate’ commercial potential and ‘high’ industrial relevance results in the
final ranking of thermoplastic starch as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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MODIFIED STARCH (MDS)
5.1

Introduction

Modified starch is obtained by chemical modification by means of degradation (with acid or
sodiumhypochlorite), substitution (with acetic anhydride, vinylacetate or sodium
monochloracetate) or by connecting (with epichlorhydrine or borax) of starch. Likewise in
thermoplastic starch also modification of starch alters the characteristics and hence applications
of starch. In some respect the possible non-food applications of thermoplastic starch and
modified starch overlap and the related products may compete.
5.1.1

Chemical properties

Starch modified by physical or chemical treatment results in changes in gel strength, flow
properties, colour, clarity or stability of the paste, acid-modified starch results from acid
treatment reduces the viscosity of the paste (used in sugar confectionery). With respect to
derivatised starch: chemical derivatives such as ethers and esters show properties such as
reduced gelatinization in hot water and greater stability to acids and alkalis (‘inhibited’ starch),
useful where food has to withstand heat treatment and in canning or in acid foods. Further
degrees of treatment can result in starch being unaffected by boiling water and losing its gelforming properties.
5.1.2

Applications possibilities

Modified starch is mostly used as a food additive: as thickening agent, stabilizer, or emulsifier.
Apart from food products it is also applied in the pharmaceutical industry, the paper industry,
adhesives industry, textile industry and other industries including the oil, the hygiene sector and
for use in bioplastics. Starches are modified for a number of reasons: to increase their stability
against excessive heat, acid, freezing, to change their texture or to lengthen or shorten their
gelatinization time.
5.1.3

Value chain biobased Modified starch

see next page
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FIGURE 12 VALUE CHAIN BIOBASED MODIFIED STARCH
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5.2

Commercial potential

5.2.1

Price levels

The average price of modified starch (for bulk and specialty applications) ranges from 2.5 – 3
€/kg (Crank et al).
Compared to petro-based polymers, starch-based polymers have relatively low costs and thus
are an attractive alternative. Depending on the complexing of starch with other co-polymers,
plastics can be made as flexible as polyethylene or as rigid as polystyrene (Crank et al., 2005).
The cost of starch in Europe is twice as high as in the US, but is not a driver as the main cost
component is the modification of starch (complexing, destructuring) where there is considerable
room for improvement (Crank et al., 2005). The price is expected to follow the cost of
modification of starch (ibid).
TABLE 10

Year
2006
2007

PRICES FOR MODIFIED STARCH (MODIFIED BY ETHER OR ESTER FORMING)

Price (€/ton) low
651
572

Price (€/ton) high
738
734

Source: CBS, 2008

TABLE 11

Year
2006
2007

PRICE LEVELS MODIFIED STARCH (NOT BY ETHER OR ESTHER FORMING)

Price (€/ton) low
777
863

Price (€/ton) high
-

Source: CBS, 2008

5.2.2

Import and export data

TABLE 12

IMPORT AND EXPORT DATA FOR MODIFIED STARCH (MODIFIED BY ETHER OR ESTER FORMING)

Year
2006
2007

Import (k€)
78,847
97,160

Import (tons)
121,137
169,833

Export (k€)
430,244
370,328

Export (tons)
583,378
504,765

Source: CBS, 2008

TABLE 13

IMPORT AND EXPORT DATA MODIFIED STARCH (NOT BY ETHER OR ESTER FORMING)

Year
2006
2007

Import (k€)
15,592
14,035

Import (tons)
20,072
16,265

Source: CBS, 2008

5.2.3

Market volumes

See previous chapter.
5.2.4

Production in the Netherlands

See previous chapter.
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5.2.5

SWOT

TABLE 14

SWOT MODIFIED STARCH FOR NON-FOOD/FEED APPLICATIONS

5.2.6

Other information and trends
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The domain of modified starch is considered as a relatively unexplored domain for non-food
uses. New applications can and will be developed, examples include OH-functionality, acetate
starch, cationic starches and oxidized starches.
5.2.7

Overall ranking commercial potential

Likewise thermoplastic starch we consider the commercial potential of modified starches as
‘moderate’.

5.3

Industrial relevance

One company active or interested in modified starch business has filled in our questionnaire.
Figure 13 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 14 shows the score for the company on the (expected) performance of modified starch,
using the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’.
The overall score of modified starch is 5.3 points (‘moderate‘) on a scale from 1 to 9.
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FIGURE 13 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF MODIFIED
STARCH

FIGURE 14 MODIFIED STARCH SCORED ON THE CRITERIA

5.4

Conclusion

The combination of ‘moderate’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of modified starch as ‘RELEVANT’.
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SUCCINIC ACID (SCA)
6.1

Introduction

Succinic acid or succinate can be used as a base chemical or building block in the chemical
sector. It can be produced by microorganisms in a fermentation process with carbohydrates
(sugar) as raw material.
6.1.1

Chemical properties

Succinate is a four carbon dicarboxylic acid. In the citric acid cycle succinate plays an important
role, and is thus naturally formed in the living cell. By adjusting the cell’s metabolism a higher
yield of succinate can be reached.
6.1.2

Applications

Succinate is being used in a number of industries including polymers, food, surfactants and
detergents, flavors and fragrances and as a starting material for a number of chemicals
including adipic acid, N-methyl pyrrolidinone, 2-pyrrolidinone, succinate salts, 1,4-butanediol,
maleic anhydride, tetrahydrofuran, and gamma-butyrolactone (Kidwell, 2008). Besides, succinic
acid has many uses in the pharmaceutical industry, some examples are as a starting material
for active pharmaceutical ingredients, as an additive in formulation, succinic acid monoethyl
ester has been used as an insulinotropic agent, and the compound has also been used as a
cross linker in drug control release polymers. The major technical hurdle for the development of
succinic acid as a building block for the chemical industry includes the development of very low
cost fermentation routes (Werpy and Peterson, 2004). Production of succinic acid by
fermentation instead of petro-based processes can lead to an energy saving of 30-40%
compared to a typical chemical process, thus reducing CO2 emissions.

FIGURE 15 STRUCTURAL FORMULA SUCCINIC ACID AND CONVERSION PRODUCTS (EBERT, 2007)

6.1.3

Value chain biobased Succinic acid

see next page
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FIGURE 16 VALUE CHAIN BIOBASED SUCCINIC ACID
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6.2

Commercial potential

6.2.1

Price levels

At present, succinic acid is mostly produced by the chemical conversion of n-butane through
maleic anhydride. It is sold at the price of $5.9 to 9.0 kg depending on its purity (Song & Lee,
2006). Patel et al. (2006) state that succinic acid has a great potential as a green C4 platform if
the production costs can be lowered to € 0.40/kg. In 2003 these costs were € 0.80/kg, but
steadily decreasing every year (ibid).
The end-product recovery technology, including water-splitting electrodialysis and liquid/liquid
extraction have lowered the cost of succinic acid production to € 0.55/kg at the 75,000 ton/ year
level and to € 2.20/kg at the 5,000 ton/year level. Research aimed at further improving the
succinate fermentation economics are subject to further discussion (Zeikus et al., 1999).
6.2.2

Market volumes

Various data exist on the succinate market volumes. According to Ebert (2007) in 2007 the
chemical production of succinic acid from butane amounted 15,000 ton/year.
The current (2008) worldwide use of succinic acid is around 20,000 to 30,000 tons per year; this
is an increase by around 10 per cent a year (Kidwell, 2008).
There are all kinds of derivative markets where succinic acid is still not used because of its high
price compared with petrochemicals (DSM & Roquette, 2008). However, the opportunities are
impressive. The potential turnover of biobased succinic acid is estimated at 650,000,000 €/yr
(EU) and at 1,300,000,000 € /yr (worldwide).
The market potential for succinic acid and its derivates is around several millions of tons
-1
annually at a market price of € 1.88 kg (Ebert, 2007). The greatest of these is as a biobased
replacement for maleic anhydride, which serves a global market of about 1.65 million tons per
year. Second is the more than 1.6 million tons per year global market for polymers currently
derived from butane. The smallest market of about 100 million pounds per year is for
pyrrolidinones, which are used to make green solvents and eco-friendly chemicals for water
treatment (Ebert, 2007).

Applications for Succinic acid
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FIGURE 17 POTENTIAL APPLICATIONS FOR SUCCINIC ACID (DSM & ROQUETTE, 2008)
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Production in the Netherlands

In the Netherlands there are 3 suppliers of synthetic succinic acid: Arkema, Heybroek BV and
NVCP chemicals BV. In Western Europe there are 48 suppliers (Kompass, 2008).
With respect to biobased succinic acid: DSM (in collaboration with French Roquette) has
announced to commercialize the fermentative production of biobased succinic acid. In 2009 a
demonstration plant (with capacity of several hundreds of tons) is anticipated, in 2011 large
scale production (site unknown) is planned (DSM & Roquette, 2008).
6.2.4

Competitive position

In the U.S. the company MBI has a 1,000 gallon p/a production site. The U.S. company DNP,
along with its French partner Agro Industrie Recherches et Developpements (ARD), has a
research and pilot facility in Pomacle, France. A 5,000 metric ton demonstration plant is planned
for late 2008 – early 2009.
6.2.5

SWOT Succinic acid

TABLE 15

SWOT SUCCINIC ACID

6.2.6

Other information and trends

Werpy and Peterson (2004) conclude that there is a significant market opportunity for the
development of biobased products from the C4 building block. The major challenges are
primarily associated with reducing the overall cost of the fermentation. In order to competitive
with petrochemicals derived products the fermentation cost needs to be at or below € 0.42/kg.
This is a significant technical challenge and should be undertaken with a long-term perspective.
One informant stressed the importance of a low sugar price in the Netherlands as a boundary
condition for local production. At the moment these prices are higher than in other parts of the
world. The tendency of fermentation companies to shift their production outside Western Europe
is partly due to this effect.
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Final ranking commercial potential

We consider succinate as one of the key platform fine chemicals, so far succinate is mostly
produced in a chemical way. Despite this, we foresee a growing number of applications with
commercially interesting volumes. Price levels of biobased succinic acid are about 5 to 10 times
lower than the petrobased equivalent. Already the petrobased product has a market growth of
10% per year, and growth expectations for biobased succinic acid, because of its new
applications, are immense. These numbers indicate a large potential. The potential for the
Netherlands is also good, as DSM is one of the first and major players active in this field.
Expectedly more Netherlands companies will follow after the demonstration of DSM/Roquette.
Besides, most user markets for succinic acid are (strongly) present in the Netherlands. The
market potential for succinic acid is thus ranked as ‘promising’.

6.3

Industrial relevance

Two companies that are active or interested in the succinic acid business have filled in our
questionnaire.
Figure 18 shows the average ranking of the two companies of the importance of each of the
criteria they (would) use for the decision whether or not to invest in the development of a new
product. A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 19 shows the scores for the two companies separately on the (expected) performance of
succinic acid, using the same criteria and the scale: 1 is ‘very bad performance’ and 9 is ‘very
good performance’.
The overall score of biobased succinic acid is 2.2 points on a scale from 1 to 9 and classified as
‘low’. In view of the poor completion of both questionnaires we consider the industrial relevance
as ‘moderate’ as this is the average scoring possibility.
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FIGURE 18 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF SUCCINIC
ACID. AVERAGE OF TWO COMPANIES

FIGURE 19 SUCCINIC ACID SCORED ON THE CRITERIA. BECAUSE OF THE INCONSISTENCY, SCORES ARE SHOWN
SEPARATELY

6.4

Conclusion

The combination of ‘promising’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of succinic acid as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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ETHANOL (ETH)
7.1

Introduction

Ethanol or (ethyl)alcohol is best known for its use in beverages, followed by its use as a biofuel.
Besides, ethanol is used as a building block in e.g. the production of ethylene which can be
converted into polyethylene, a polymer. It can be produced of biomass by fermentation.
7.1.1

Chemical properties

The properties of ethanol stem mostly from its hydroxyl group and the shortness of the carbon
chain. Ethanol's hydroxyl group can participate in hydrogen bonding, making it more viscous
and less unstable than less polar organic compounds of similar molecular weight. Ethanol, like
most short-chain alcohols, is flammable, colorless, has a strong odor and is volatile.
The first generation manufacturing of bio-ethanol is on basis of starch-containing crops like
corn, wheat, other grains, potato steam peels and molasses. The second generation bio-ethanol
production starts from enzymatically hydrolyzed lignin containing biomass: after fermentation
and distillation a side product lignin is produced that can be used as a fuel for the production of
electricity and heat. It is expected that additional raw materials, including switch grass and
Miscanthus, straw, beet loaf etc can eventually be used to manufacture bio-ethanol.
Commercialisation of second generation biodiesel (see chapter 13) will to an extent compete
with second generation bio-ethanol. On the longer term a combination of routes whereby bioethanol is produced out of the carbohydrate fraction and Fischer-Tropsch diesel out of the nonfermentable lignin residue can be envisioned.
7.1.2

Applications

Ethanol is used for a broad range of applications including use in the food industry (13%),
chemical industry for the synthesis of other chemicals (21%) and automotive fuel (66%). The
chemical use includes cosmetics (26%), cleaning products (10%), paints (9%), solvents (6%),
chemical feedstock (35%) and other applications (14%). In the cosmetic industry synthetic
ethanol is preferred over bio-ethanol for reasons of odour.
Ethanol can be oxidized to form first acetaldehyde and then acetic acid. It can be dehydrated to
form ether. Butadiene, used in making synthetic rubber, may be made from ethanol, as can
chloroform and many other organic chemicals. Ethanol is miscible in all proportions with water
and with most organic solvents. It is useful as a solvent for many substances and in making
perfumes, paints, lacquer, and explosives (Shakhashiri, 2008).
7.1.3

Value chain biobased Ethanol

see next page
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FIGURE 20 VALUE CHAIN BIOBASED ETHANOL
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Commercial potential

Price levelsTable 16 shows the effect of raw material on the bio-ethanol price.
TABLE 16

PRICE LEVELS BIO-ETHANOL AND INDUSTRIAL ETHANOL

Raw material for bioethanol
Residues
Sugar beet based
Wheat based
Lignocellulose based
Lignocellolose based

Bio-ethanol price (€/1,000
L)
€ 550,00
€ 590,00
€ 630,00
€ 350,00
€ 230,00

Year
2006
2006
2006
2006
Future expectation

Source: Zwart, 2006
TABLE 17

PRICE LEVELS SOME COMMERCIALLY AVAILABLE ETHANOLS

Product
Industrial ethanol
Beverage ethanol
Fuel grade anhydrous
Bio-ethanol

Purity
99%
96%
99.3-99.9%
na

Region
Europe
Europe
Europe
Brazil

Price (€/100 L)
€ 69 – 72 €
€ 65 - 69 €
€ 56 – 57 €
€ 51 – 52

Currently the costs of the raw materials (carbohydrate feedstock) represent ca 50-75% of the
total cost price. The costs involved in conversion are relatively high and the production of bioethanol on basis of carbohydrate-rich raw materials is hardly profitable, even in combination
with the manufacturing of side product DDGS as protein rich feed.
The manufacturing of bio-ethanol is 2-3 times more expensive compared to manufacturing of
petrol. The high production costs are caused by the costly investments in the manufacturing
infrastructure.
7.2.1

Market volumes

In 2005, the EU produced about one million m3 ethanol (Ebio, 2006). The world production
(2007) of bio-ethanol is estimated at 62 million m³, about 80% (49.5 million m³) was used in fuel
applications.
As a result of the Biofuels Directive of 2003 and its implementation by the EU member states,
both the use and the production of bio-ethanol have been rising steadily in the EU.
In 2004, there was a total bio-ethanol production in Europe of around 528,000 m³. By 2006,
production had already more than tripled, to some 1.6 million m³ and reached approximately 1.8
million m³ in 2007 of which 22 % were produced in Germany. With further implementation of the
Biofuels Directive 2003/30/EC, and in particular the Renewable Energies Directive, currently in
draft stage, which will prescribe a binding 10% biofuel proportion by the year 2020, it is
anticipated that there will be a strong increase in the demand for bio-ethanol in the countries in
the EU. The EU estimates that the demand for bio-ethanol in 2020 will be 16.5 million ton
mineral oil equivalent, which corresponds to 33.33 million m³ of bio-ethanol (Crop energies,
2008).
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In 2006 in the Netherlands 38,1 million liters (28,49 kton) bio-ethanol were used as car fuel,
which is 0.55% of the total Netherlands gasoline use. (Statline, Biobrandstoffen voor het
wegverkeer, aflev. binnenlandse gebruikersmarkt). As a result of the Directive mentioned
above, in 2010 the portion of biofuels should amount 5,75% on energy basis and 8,5% on
volume basis. With the current gasoline use this corresponds to an amount of 450,000 to
500,000 m3 in the Netherlands (Biobrandstof rapportage over 2005, Directoraat-Generaal
Milieu).

FIGURE 21 WORLD FUEL ETHANOL PRODUCTION IN MILLION LITERS

(source: World fuel ethanol analysis and outlook)
7.2.2

Production in the Netherlands

Royal Nedalco headquarted in Bergen op Zoom is the only ethanol producer in the Netherlands.
Nedalco anticipates second generation bio-ethanol production of 200 million liters/year starting
end 2008, as such the company will be the largest manufacturer of bio-ethanol from celluloses.
Solvay has started the production of polyethylene from bio-ethanol in Brazil, which is an
indication that in Brazil, due to the low local bio-ethanol prices, biopolyethylene production may
compete with petrochemical polyethylene production.
7.2.3

Competitive position

In 2002, the worldwide production of bio-ethanol was estimated to be around 16.5 Mt/year, with
world biodiesel production around 2.3 Mt/year. These figures represent significant increases in
production over the last 10 years. In comparison, bio-ethanol production was 13 Mt/year in
1992, whilst biodiesel production was 0.3 Mt/year. The current world bio-ethanol production is
dominated by Brazil with an output of around 14 Mt/year, derived from sugar cane, and the US
with an output of around 12 Mt/year, mostly derived from corn.
The EU has a much smaller share of world bio-ethanol production, with France, Spain and
Sweden being the main producing countries. The total EU production was around 0.2 Mt/year in
2001, and France produced almost 50% of the EU total. The total number of bio-ethanol
producing companies in Western Europe is estimated at 183.
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The European ethanol market is susceptible for transitions in import restrictions. Ethanol from
Brazil and the U.S. has a lower cost price than ethanol produced in Europe. Imported ethanol
has a tax of € 192 per cubic meter (2006).
The USA and Brazil represent the largest production of bio-ethanol, within Europe Spain, Poland
and France dominate the European bio-ethanol sector with a production of over 500,000 tons in
2004.
7.2.4

SWOT Bio-ethanol

TABLE 18

SWOT BIO-ETHANOL

7.2.5

Other information and trends

It can be expected that the fuel market continues to be much larger than the polyethylene
market for bio-ethanol as a base chemical. Because of the high importance of the biofuel
market, impressive efforts are currently being made to optimize bio-ethanol production (it should
compete with oil), which will eventually make the use of bio-ethanol for polyethylene production
attractive as well.
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Final ranking commercial potential

For obvious reasons the use of ethanol as fuel for cars will be increasingly compelling. It is not
surprising that the future world fuel ethanol production shows a constant rise. As soon as
biobased production from lignocelluloses is technically and commercially feasible, we expect a
further increase. Currently the costs of the raw materials represent ca 50-75% of the total cost
price. The conversion costs are relatively high and the production of bio-ethanol is hardly
profitable. At the same time, the market size is vast. First generation bio-ethanol has already an
established market. The chances for second generation, lignocellulose based ethanol are thus
very high when the conversion process has been optimized. In the Netherlands a strong
knowledge position on the conversion of lignocellulose exists, altogether the potential is thus
ranked as ‘promising’.

7.3

Industrial relevance

One company active or interested in the bioethanol business has filled in our questionnaire.
Figure 22 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 23 shows the score for the company on the (expected) performance of bioethanol, using
the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’.
The overall score of bioethanol is 6.5 points (‘moderate‘) on a scale from 1 to 9.
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FIGURE 22 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF BIOETHANOL
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FIGURE 23 BIOETHANOL SCORED ON THE CRITERIA

7.4

Conclusion

The combination of ‘promising’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of bioethanol as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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ITACONIC ACID (ICA)
8.1

Introduction

Itaconic acid is an organic compound that is one of the three acids obtained by the distillation of
citric acid, and is widely used as a platform chemical in the chemical industry.
8.1.1

Chemical properties

Itaconic acid is an unsaturated diprotic acid, also known as methyl succinic acid as it is the
methylated form of succinic acid. Itaconic acid is an aluminium anodizing reagent and reactive
co-monomer for carboxylated styrene-butadiene copolymers (Levinson, 2006). It has
unsaturated double bonds and active chemical properties. It is insoluble in water, ethanol and
other solvents and is able to participate in various kinds of addition reactions, etherification
reactions, and poly reactions. Itaconic acid has the potential to be a key building block for the
chemical synthetic industry, for both commodity and specialty chemicals (Werpy and Peterson,
2004). The basic chemistry of itaconic acid is similar to that of the petrochemicals derived
maleic acid/anhydride (ibid).
8.1.2

Applications

According to Werpy and Peterson (2004) itaconic acid is currently produced via fungal
fermentation. It is used primarily as a specialty monomer. The major applications include the
use as a copolymer with acrylic acid and in styrene-butadiene systems. The acid is used in the
production of synthetic latexes to improve emulsion stability and adhesion (Energetics-Inc.,
2003). Many paper-coating and carpet-backing industries are the primary users of the product.
Derivatives of the acid are used in medicine, cosmetics, lubricants, and herbicides (ibid). Some
examples of its application mentioned by Levinson (2006) include its use as the third monomer
of acrylic fiber, it is used as compound in plastics and coatings (coating of carpet and cover of
books), it is used as binding material for paper, as bond for teeth, for synthetic diamond
production, and many more. It improves material properties as abrasion, waterproofing, physical
resistance, dying affinity, and durability (Levinson, 2006).
The major technical hurdles for the development of itaconic acid as a building block for
commodity chemicals include the development of very low cost fermentation routes. The
primary elements of improved fermentation include increasing the fermentation rate, improving
the final titer and potentially increasing the yield from sugar. There could also be some cost
advantages associated with an organism that could utilize both C5 and C6 sugars (Werpy and
Peterson, 2004). Currently, the high costs of production have limited the use of itaconic acid
(Energetics-Inc., 2003).
8.1.3

Value chain biobased Itaconic acid

see next page
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FIGURE 24 VALUE CHAIN BIOBASED ITACONIC ACID

ERROR! REFERENCE SOURCE NOT FOUND.
ERROR! REFERENCE SOURCE NOT FOUND.

PAGE 51 OF 108

INNOTACT CONSULTING B.V.
LEUSDEN

TNO QUALITY OF LIFE
DELFT-ZEIST

8.2

Commercial potential

8.2.1

Price levels

CONFIDENTIAL

INNOTACT CONSULTING B.V.
LEUSDEN

The market of itaconic acid (2003) can compete with methyl metacrylate (market size 682,000
ton in 2003) at a price of 0.84 – 0.97 €/kg in the pressure-sensitive adhesives (market size 2003
300 Mlb at a price of 3.48 – 6.96 €/kg) and other applications.
Use of itaconic acid has been limited by the high costs of production from petroleum, but it can
be fermented from xylose offering a lower cost route and the potential for expanded use. With
lower-cost production processes, itaconic acid could compete with methyl methacrylate (MMA)
and other acrylates as well as in the pressure-sensitive adhesives (PSA) market and other
applications. Combined markets for acrylate and MMA are 0.82 million ton and annual growth is
projected to be 2-3% (ACC, 2000, CNI, 2002). MMA is dependent on the housing and
automotive sectors, which have been experiencing steady growth in the U.S. (Energetics-Inc.,
2003).
Itaconic acid can be fermented from starch derived glucose and sucrose but fermentation from
xylose has so far offered the potentially best economically efficient route (Energetics-Inc., 2003).
However, current fermentative production leads to a price of $4 /kg, which is that high that it
restricts the use of itaconic acid. At present, the production rates in fermentors do not exceed 1
gram/litre/hour, accompanied by product concentrations of about 80 gram/litre. New
biotechnology approaches, such as immobilisation techniques, screening programmes and
genetic engineering, could lead to higher productivity. Also, the use of alternative substrates
may reduce costs and thus open the market for new and increased applications (Wilke & Vorlop,
2001).
8.2.2

Market volumes

The world production of itaconic acid for use as platform chemical was estimated for 2006 at the
level of 12.5 kton/year (Croezen et al. , 2006). In 1998, the world (biobased) production of
itaconic acid was estimated at only 4 kton/year (Fachagentur, 1998) and 13 kton/year in 2000.
The domestic demand for itaconic acid increased by 13.2% from 1,900m.t. in 2002 to 2,150m.t.
in 2003, and it is expected to increase by 11.6% as 2,400m.t. The rise of SB-Latex production,
which takes 66.7% of the whole itaconic acid demand, is the main reason of the rising demand
rise. Also, itaconic acid of 16.7% is used as additives. Domestic itaconic acid is imported from
USA Cargill, China Qingdao Langyatai Group, and Aekyung Petrochemical produces 400500m.t. annually since 2002.
Research into lower-cost production processes could enable itaconic acid to compete
economically with petroleum based methyl methacrylate (MMA) in the clear plastics and
shatterproof replacements for glass, such as Plexiglass and Lucite, and in acrylic paints. MMA
markets are roughly 680,272 ton per year at a market price of € 1.05 per kg in 2002 (EnergeticsInc., 2003). Other itaconic acid derivatives could be competition for pressure-sensitive
adhesives. The market for this product was 136,054 ton and sold for € 6.27 per kg in 2002
(Energetics-Inc., 2003).
8.2.3

Production in the Netherlands

In the Netherlands there are currently no producers of itaconic acid.
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Current foreign manufacturers of itaconic acid are presented in Table 19.
TABLE 19

MANUFACTURERS ITACONIC ACID

Manufacturer
Shenzhen Fast Chemical Co., Ltd.
Spectrum Chemicals & Laboratory Products
INNOCHEM
Ronas Chemicals Ind. Co., Ltd.
Kinbester Co., Ltd.
United Mineral & Chemical Corp.
In Western Europe there are 34 companies selling itaconic acid.
8.2.4

SWOT

TABLE 20

SWOT ITACONIC ACID
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Final ranking commercial potential

Although certainly an important base chemical with interesting applications we consider the
commercial potential of biobased itaconic acid as ‘moderate’. There is a significant market
opportunity for the development of biobased products from the C5 building block itaconic acid.
The major challenges are primarily associated with reducing the overall cost of the fermentation.
In order to be competitive with petrochemical-derived products the fermentation cost needs to
be at or below € 0.40 /kg. This is a significant technical challenge and should be undertaken
with a long-term perspective (Werpy and Peterson, 2004) Conventional synthetic itaconic acid is
sold at a relatively high price due to which the market size is rather small. Biobased, it can
potentially be sold at a lower price opening (large) new markets for itaconic acid. However, no
Netherlands company is known to sell either petrobased or biobased itaconic acid. Besides, no
research has been published on this field in the Netherlands. Thus, a large potential market but
no strong position what leads to a ranking of ‘moderate’.

8.3

Industrial relevance

One company active or interested in the itaconic acid business has filled in our questionnaire.
Figure 25 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 26 shows the score for the company on the (expected) performance of itaconic acid,
using the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’.
The overall score of itaconic acid is 9.0 points (‘high‘) on a scale from 1 to 9.
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FIGURE 25 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF ITACONIC ACID
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FIGURE 26 ITACONIC ACID SCORED ON THE CRITERIA

8.4

Conclusion

The combination of ‘moderate’ commercial potential and ‘high’ industrial relevance results in the
final ranking of itaconic acid as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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ISOSORBIDE (ISB)
9.1

Introduction

Isosorbide is a secondary chemical from which many intermediates for the chemical industry
can be produced. Isosorbide can be made by chemical modification of sorbitol. Sorbitol is
currently produced by hydrogenation of D-glucose.
9.1.1

Chemical properties

Isosorbide results from the dehydration reaction of sorbitol, which is directly derived from
glucose. Glucose is obtained by enzymatic hydrolysis of starch extracted from corn. Isosorbide
is soluble in water, alcohols, dioxane, and ketones, and is almost insoluble in hydrocarbons,
esters and ether. The molecule is very heat stable as decomposition only occurs at about 270°C
(U.S. Patent 6914120).
9.1.2

Applications

Starting with isosorbide, many chemicals can be produced: polymers like polyethylene
isosorbide modified terephthalate, isosorbide esters, and dimethyl isosorbide have isosorbide
as a compound. Isosorbide improves high-temperature resistance. Other applications are PVC
plasticizers, lubricants, powder coatings, and solvents (Roquette, 2005). Besides, it is a main
component in a diversity of drugs. An example is isosorbide mononitrate used for heart
deficiencies.
Isosorbide may be described as the most moderate diol of renewable origin on account of the
very unique and promising nature of its properties. It enables for example a considerable
increase in the heat resistance of polymers such as PET (polyethyleneterephthalate) and
consequently a broadening of their range of applications (for hot-fill containers in particular).
Isosorbide can be substituted for other diols in order to create new polyesters, polycarbonates
and polyurethanes that are partially or even completely biobased.
Isosorbide can henceforth be considered as a ‘’green’’ diol for the food-packaging sector, a
sector that is in the full throes of expansion and intent on using materials of an agricultural
origin. In addition to these polymer fields, Roquette is developing derivatives of isosorbide, in
the form of isosorbide diesters for PVC plasticizers as a substitute for phthalates, and in the
form of dimethyl isosorbide as a ‘’green ‘’ solvent for the industrial sector.
Thus far, isosorbide has been limited to specialty applications, but lower costs and continuous
production could lead to applications in larger markets, such as polymer additives. Werpy and
Petersen (2004) argue that inexpensive sorbitol affords the potential for the production of
isosorbide at low costs. Isosorbide has been demonstrated to be a very effective monomer for
raising the glass transition temperature of polymers. The major applications are as a copolymer
with PET for the use in bottle production.
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These applications include ridged bottles as well as the ability to use plastic to replace glass in
hot fill applications (Werpy and Petersen, 2004). It has been shown that the addition of
isosorbide in small amounts (e.g., 4 weight %) to polyethylene terephthalate (PET) can enhance
properties such as strength-to-weight ratio. DuPont holds all of the patents for the use of
isosorbide with PET and their market studies have indicated that the 2020 market for isosorbide
could be as large as 45,000 ton per year. Beyond 2020, there is the potential for significant
market expansion. Based on the displacement of 4% of current PET production with isosorbide,
the isosorbide market could reach nearly 135,000 ton. Additionally, it may be found that higher
volumes of isosorbide can be added to PET and other polymers, increasing the potential
market.
9.1.3

Value chain biobased Isosorbide

see next page
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FIGURE 27 VALUE CHAIN BIOBASED ISOSORBIDE
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Commercial potential

No data on prices and market volumes of isosorbide are available in the public domain.
Werpy and Peterson (2004) present the development of process conditions and dehydration
catalysts that afford high yield of isosorbide as the most important challenge in producing
isosorbide from sorbitol. The best reported yields are around 76%. In order to increase the use
of isosorbide, increased yields to 90% would be desirable. This not only reduces the production
cost but also reduces the recovery and purification costs (Werpy and Peterson, 2004).
Large scale industrial investments in production facilities of isosorbide are expected after 2010
(www.biohub.fr).
9.2.1

Production in the Netherlands

DSM and Roquette work together in the French “BioHub” programme, a R&D programme in the
field of biobased chemicals. Isosorbitol is one of the favorite platforms in this programme.
Roquette (France) is a major European manufacturer with a starch-based capacity of 5,000 ton
grain/day.
Current manufacturers outside the Netherlands are presented in
Table 21.
TABLE 21

MANUFACTURERS ISOSORBIDE

Company

Country
France
Belgium
Germany
P.R.China
P.R.China
USA
China

Roquette
TCI Europe NV
Biesterfeld Spezialchemie GmbH
Hainan Zhongxin Chemical Co., Ltd.
Shanghai Sunwise Chemical Co., Ltd.
AK Scientific, Inc.
Dayang Chemicals Co
9.2.2

SWOT

TABLE 22

SWOT ISOSORBIDE
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Other information and trends

The world market for polymer additives is composed of 60% plasticizers, the European use of
plasticizers is estimated at roughly one million ton. Phthalates currently represent ca 85% of
these plasticizers but are increasingly suspect regarding safety and public health issues
(Molenveld, 2006).
9.2.4

Final ranking commercial potential

Although isosorbide represents a clear growth market it should be realized that the Netherlands
does not (yet) contribute significantly to it. The world market is dominated by multinationals and
these multinationals will likely continue to take a major. In addition the potential isosorbiderequiring plastic manufacturers can easily, and possibly even at lower costs, get access to
isosorbide on the world market.
Thus far, isosorbide has been limited to specialty applications, but lower costs and continuous
production could lead to applications in larger markets. No direct information on price levels
have been found, yet currently the (petrobased) price is too high for large scale applications.
Biobased the product could be sold at a lower price. The potential market size of isosorbide is
estimated on a scale of tens of millions kilograms worldwide before 2020. Only after then an
expansion is expected. Besides, all patents concerning the production of biobased isosorbide
are held by a French company. In this rigid market, the potential of isosorbide is ranked as
‘limited’.

9.3

Industrial relevance

One company active or interested in isosorbide business has filled in our questionnaire.
Figure 28 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
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Figure 29 shows the score for the company on the (expected) performance of isosorbide, using
the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’.
The overall score of isosorbide is 6.1 points (“moderate’) on a scale from 1 to 9.

FIGURE 28 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF ISOSORBIDE

FIGURE 29 ISOSORBIDE SCORED ON THE CRITERIA
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Conclusion

The combination of ‘limited’ commercial potential and ‘moderate’ industrial relevance results in
the final ranking of isosorbide as ‘LESS RELEVANT.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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TETRAHYDROFURAN (THF)
10.1

Introduction

Tetrahydrofuran is a secondary chemical. The biobased version is produced by chemical
conversion of biobased succinic acid. Biobased production of tetrahydrofuran is obtained via
fermentation of glucose or xylose to succinic acid followed by conversion to tetrahydrofuran.
There are three methods for commercial production of THF: the furfural process, the maleic
anhydride process and the 1,4-butanediol (BDO) process. About 80% of tetrahydrofuran
worldwide is produced using the BDO process.
10.1.1

Chemical properties

Tetrahydrofuran (THF) is a heterocyclic organic compound with the formula (CH2)4O. It is a
colorless low-viscosity liquid with a characteristic odor reminiscent of acetone. It is one of the
most polar ethers. THF is the fully hydrogenated analog of the aromatic compound furan. THF
can often be substituted for diethyl ether when a higher-boiling solvent is required. Another way
of retrieving THF is to recover it, from off-gas streams and contaminated solvents, making it
suitable for closed-loop processes designed to avoid pollution. THF is unstable and reacts
readily with oxygen, e.g. on contact with air, to form peroxides (BASF, 1998).
10.1.2

Applications

THF has many applications as a solvent, reaction medium or starting product for syntheses. By
self poly-condensation PTMEG is formed, which is a raw material for specialty elastomers. A
few of the many examples of applications of THF’s are: in coatings for artificial leather, magnetic
tapes, and cellophane to improve abrasion resistance, mechanical strength, water resistance,
and printability. Besides, it can be used in adhesives as a swelling agent, as reaction medium in
the pharmaceutical industry, as extractant, and as starting material for synthesis of e.g. ethers
with a high molecular mass (BASF, 1998).
10.1.3

Value chain biobased Tetrahydrofuran

see next page
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FIGURE 30 VALUE CHAIN BIOBASED TETRAHYDROFURAN
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10.2

Commercial potential

10.2.1

Price levels

Table 23 presents the minimum and maximum world market prices levels of biobased and petrobased THF.
TABLE 23

PRICE LEVELS OF BIOBASED AND PETROBASED

Price (€/ton) low
€ 1,896 / ton
€ 1,140 / ton
€ 1,702 / ton

Price (€/ton) high
€ 2,720 / ton
€ 1,580 / ton
€ 1,850 / ton

Year
2003-2006
2003
2004 (China)

Raw material
Biobased
Petrobased
Petrobased

Sources: Zwart et.al., Biorefinery.nl 2006, IPTT, 2003

Table 24 presents the prices for THF in the Netherlands for 2006 and 2007.
TABLE 24

Year
2006
2007

PRICELEVELS TETRAHYDROFURAN

Price (€/ton) import
1,719
1,894

Price (€/ton) export
2,164
2,505

Source: CBS, 2008

10.2.2

Import and export data

The data for import and export of THF for the years 2006 and 2007 in the Netherlands are
presented in
Table 25.
TABLE 25

NETHERLANDS IMPORT/EXPORT DATA TETRAHYDROFURAN

Year
2006
2007

Import (k€)
65,286
80,405

Import (tons)
37,984
42,463

Export (k€)
11,692
10,891

Export (tons)
5,402
4,348

Source: CBS, 2008

10.2.3

Market volumes

The global tetrahydrofuran market was around 273,000 tons in 2002 and projected to grow at
around 5.6 percent per year driven by PTMEG demand for spandex fibers, COPE and TPU
(Nexant, 2004). The world consumption of tetrahydrofuran was approximately 439 thousand
metric tons in 2006 (SRI Consulting, 2007). The current annual U.S. market for the uses of THF
(adhesives, printing inks, and magnetic tape) is estimated at 255 million pounds. The majority of
the currently manufactured tetrahydrofuran is obtained by chemical production, 12% of market
can be replaced by biobased THF by 2020 (Mulchandani, 2004).
10.2.4

Producers

There were 19 tetrahydrofuran producers in the world by early 2001, and the total capacity by
that time was 436,000 t/a (Weilan, 2004). At the end of 2007, BASF had a capacity of 210,000
metric tons (Mansell, 2007). See Figure 25 for a distribution across the main producers of THF.

ERROR! REFERENCE SOURCE NOT FOUND.
ERROR! REFERENCE SOURCE NOT FOUND.

PAGE 65 OF 108

TNO QUALITY OF LIFE
DELFT-ZEIST

CONFIDENTIAL

INNOTACT CONSULTING B.V.
LEUSDEN

FIGURE 31 WORLD PRODUCERS OF TETRAHYDROFURAN – 2007 (SRICONSULTING, 2007)

10.2.5

SWOT

TABLE 26

SWOT TETRAHYDROFURAN

10.2.6

Other information and trends

The rising demand for tetrahydrofuran can be attributed to the rapidly increasing production of
polytetramethylene ether glycol (PTMEG), the precursor for spandex fibers used in sportswear
and leisure wear. The expanding use of polyurethane polymers (also derived from PTMEG) in
automobiles and the environmentally-driven replacement of chlorinated solvents with safer THFderived solvents will also stimulate demand.
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Final ranking commercial potential

Tetrahydrofuran is an interesting molecule as it can be used as a fine chemical intermediate in a
growing number of applications. Biobased manufacturing is possible via conversion of
(biobased!) succinate, however the cost price of thus manufactured tetrahydrofuran is still
higher than its petrobased counterpart. When the price decreases to about half its current level,
a large market share is expected in an already huge, and still fast growing market. Companies
which are able to optimize the production process thus hold good trumps. Nevertheless,
currently no Netherlands company is known to produce large quantities of tetrahydrofuran.
Steps need to be taken fast in this field to catch up with the competition. In general
tetrahydrofuran thus has a promising ranking, but for the Netherlands the potential is ranked to
the level of ‘moderate’.

10.3

Industrial relevance

Despite repeated requests to individual companies we did not receive completed questionnaires
for tetrahydrofuran. In view of the similarities between tetrahydrofuran and 1,4 butanediol we
have assumed a that tetrahydrofuran would rank according to 1,4-butanediol as ‘moderate’.

10.4

Conclusion

The combination of ‘moderate’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of tetrahydrofuran as ‘RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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1,4-BUTANEDIOL (BTD)
11.1

Introduction

1,4-Butanediol (1,4-BDO) is a secondary chemical. It is produced by chemical catalytic
conversion from (biobased) succinate.
11.1.1

Chemical properties

1,4-Butanediol is an organic compound with the formula HO(CH2)2 OH. Petro-based, The
colorless viscous liquid is derived from butane by addition of alcohol groups at each end of the
chain. It is one of four stable isomers of butanediol. 1,4-BDO is a non-corrosive, high-boiling
point liquid with a low order of toxicity under normal handling and use conditions and is
completely soluble in water. In comparison to other diols, 1,4-BDO combines the best attributes
of hydroxyl reactivity, linearity and overall system compatibility to build in the proper crystallinity
required in the polyurethane hard segment (Lyondell, 2008).
11.1.2

Applications

1,4 - Butanediol is a valuable chemical intermediate for the production of high performance
polymers, solvents and fine chemicals. The butanediol value chain biobased has 3 major
branches: polymers, tetrahydrofuran derivatives and butyrolactone derivatives. Butanediol is
used directly in PBT, TPU and COPE production (see Figure 27 for an overview of the
processing of 1,4 – Butenadiol as presented by Roquette/DSM, Roquette company information).

FIGURE 32 PROCESSING OF 1,4-BUTANEDIOL BY ROQUETTE / DSM

PBT's high strength, excellent thermal stability and good durability lead to its many uses in the
automotive, electrical and appliance industries. 1,4-BDO is a key component of thermoplastic
co-polyester elastomers. These elastomers rely upon 1,4-BDO to provide crystallinity which in
turn provides elasticity and resilience (Lyondell, 2008).
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Current applications of 1,4-BDO based urethane elastomers include automotive front and rear
end fascia, bumpers, fenders, and spoilers. Non-automotive applications include footwear,
electrical enclosures, recreation equipment, appliances and furniture. In polyurethane
applications, 1,4-BDO is primarily used as a component of polyesters or as a chain extender.
Polyesters based on 1,4-BDO have excellent oxidation resistance and good low temperature
flexibility (ibid).
11.1.3

Value chain biobased 1, 4 – Butanediol

Production of 1,4-butanediol from succinic acid is technically feasible, but improvements still are
required in catalyst selectivity and tolerance to fermentation derived contaminants (Patel et al.,
2006).
see next page
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FIGURE 33 VALUE CHAIN BIOBASED 1,4 – BUTANEDIOL

ERROR! REFERENCE SOURCE NOT FOUND.
ERROR! REFERENCE SOURCE NOT FOUND.

PAGE 70 OF 108

INNOTACT CONSULTING B.V.
LEUSDEN

TNO QUALITY OF LIFE
DELFT-ZEIST

INNOTACT CONSULTING B.V.
LEUSDEN

CONFIDENTIAL

11.2

Commercial potential

11.2.1

Price levels

Tables 26 and 27 present the prices levels (low, high) of petrobased and biobased 1,4
butanediol for a number of recent years, for the European and USA market. Table
28 provides price level for petrobased 1,4 butanediol for the Netherlands.
TABLE 27

PRICE LEVELS ON EUROPEAN AND U.S. MARKET FOR PETROBASED 1,4 BUTANEDIOL

Price (€/ton) low
1,820
1,770
1,036
TABLE 28

Year
2007
2006
2004

Reference
(ICIS-Pricing, 2007)
(ICIS-Pricing, 2007)
(Carole et al., 2004)

PRICE LEVELS ON EUROPEAN AND U.S. MARKET FOR BIOBASED 1,4 BUTANEDIOL

Price (€/ton) low
1,000
1,140
1,000
TABLE 29

Price (€/ton) high
2,000
1,920
1,480

Price (€/ton) high
1,500
2,000
2,000

Year
2006
2003
2006

Reference
(Zwart, 2006)
(IBTT, 2003)
(Groenestein, 2006)

PRICE LEVELS PETROBASED 1,4-BUTANEDIOL IN THE NETHERLANDS

Year
2006
2007

Price (€/ton) export
1364
1548

Price (€/ton) import
1413
1706

Source: CBS, 2008

11.2.2

Import and export data

Table 30 presents import and export data for 1,4 butanediol for the Netherlands.
TABLE 30

NETHERLANDS IMPORT/EXPORT DATA 1,4-BUTANEDIOL

Year
2006
2007

Import (k€)
62,916
57,105

Import (tons)
44,518
36,891

Export (k€)
160,910
220,193

Export (tons)
117,940
129,060

Source: CBS, 2008

11.2.3

Market volumes

The global butanediol (1,4 and 2,3 isomers) market was around 0.78 million tons in 2002,
demand growth is estimated at about 4 percent per year to 2015. Future demand growth will be
driven by the growth of the PBT, thermoplastic polyurethanes (TPU), and copolyester ether
(COPE) production (Nexant, 2004). In 2006 the global market for BDO was 1.3 million tons with
a growth rate of 3.5 percent in the period 2006-2011 (DSM & Roquette, 2008).
The global production of 2,3-butanediol as platform chemical is 14 Mton (Croezen et al., 2006).
The potential biobased market in 2020 is estimated to be larger than 1360 kton (Carole et al.,
2004)
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The current annual U.S. market for the uses of butanediol (including solvents, coating resins,
and as an intermediate for producing other solvents and chemicals) is estimated at 680 million
pounds. Potentially displace 30 million pounds per year or greater (Wisconsin Biorefining
Development Initiative). Market expectation for North America is 860,000 ton/year (SRB/2007).
The turnover of 1,4 butanediol in the EU has been estimated at €712.5 million / year in the EU
(Groenestijn, 2006).
11.2.4

Production in the Netherlands and outside.

DSM produces 2,3-butanediol; 1,4-butanediol is not produced in the Netherlands.
Worldwide the most relevant manufacturers of 1,4-butanediol include:
- Applied Carbochemicals Inc., U.S.
- Alfa Aesar GmbH, Karlsruhe, Germany
- Interchim Deutschland GmbH, Mannheim, Germany
- Merck KGaA, Darmstadt, Germany
- BASF AG, Ludwigshafen, Germany
- Hansa groep AG Duisburg, Germany
- Fisher Scientific, Hampton U.S.
- Petrochem Carless Ltd, Leatherhead, U.K.
- Penpet Petrochemical Trading GmbH, Hamburg, Germany
- Advanced Technology & Industrial Co. Ltd, HongKong, China
11.2.5

SWOT

TABLE 31

SWOT 1,4 – BUTANEDIOL

11.2.6

Other information and trends

Roquette and DSM plan to build a demo plant of 500 MT pa in 2010/2011 and a large scale
manufacturing plant in 2012. The location of this plant is unknown (DSM & Roquette, 2008).
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Final ranking commercial potential

Like tetrahydrofuran, 1,4-butanediol is an interesting molecule as it can be used as a fine
chemical intermediate in a growing number of applications. Price levels of biobased 1,4butanediol lay already below petroleum based prices. With further improvement it can be up to 4
times cheaper. Besides, the market for petrobased 1,4-butanediol today is very large and by
large scale introduction of biobased 1,4-butanediol market potential will rise even more. The
platform chemical thus has good chances. Combined with a strong knowledge position in the
Netherlands the potential of 1,4-butanediol for the Netherlands chemical sector is ranked as
‘promising’.

11.3

Industrial relevance

Two companies that are active or interested in the 1,4-butanediol business have filled in our
questionnaire.
Figure 34 shows the average ranking of the two companies of the importance of each of the
criteria they (would) use for the decision whether or not to invest in the development of a new
product. A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 35 shows the scores for the two companies separately on the (expected) performance of
1,4-butanediol, using the same criteria and the scale: 1 is ‘very bad performance’ and 9 is ‘very
good performance’.
The overall score of 1,4-butanediol is 4.8 points (‘moderate’) on a scale from 1 to 9.

FIGURE 34 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF 1,4BUTANEDIOL. AVERAGE OF TWO COMPANIES.
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FIGURE 35 1,4-BUTANEDIOL SCORED ON THE CRITERIA. EMPTY FIELDS WERE ANSWERED AS ‘UNKNOWN’.
AVERAGE OF TWO COMPANIES

11.4

Conclusion

The combination of ‘promising’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of 1,4-butanediol as ‘VERY RELEVANT’.
Commercial potential
Moderate

Promising

Moderate
High

Industrial relevance

Low

Limited
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BIOBASED PAINTS (BBP)
12.1

Introduction

Paints are made of three main components - solvent, pigment and binder - plus some additives.
All these components can potentially be produced form biomass.
12.1.1

Chemical properties

A pre-requisite of paint is that it is durable and therefore not readily biologically degradable.
Therefore, biomass-based paints need to be adjusted chemically. This is done by mixing certain
(petro-derived) additives in the paint. Most of these paints are thus not 100% biobased.
The most difficult to produce are biobased pigments, as high performance (e.g. light and color
stability) is asked for by industry. Oil from, e.g., sunflowers, linseed and soya can be used for
the production of non-volatile binders. For the production of the solvent vegetable oil and
derivatives, such as methyl esters, lactate esters, citrus rinds, and sugar esters can be used. It
depends on the type of additive whether a biobased solution can be found.
12.1.2

Applications

Paint is widely used for all kinds of applications. In the automotive sector paint is used for new
cars as well as for refinishes of damaged cars. Decorative paints are used at home to paint
walls and window frames, industrial paints for the finishing of furniture, domestic products,
plastics and electronics, protective coatings for ships, airplanes and premises, and powder
coatings for the finishing of metals (powder coatings require no solvent).
12.1.3

Value chain biobased Biomass-based paints

see next page
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FIGURE 36 VALUE CHAIN BIOBASED BIOMASS-BASED PAINTS
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Price levels
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Biomass-based resins and solvents: 1.5-2.3 €/kg.
Pigment titanium dioxide (white): 2-2.30 euro/kg (December 2007), there are different types of
pigment: among others: Inorganic, organic, specialty pigments.
Additives: €4-20 /kg
Market prices for the pigments range widely depending on the technology, specialization and
materials. Average prices for high-performance organics can be around € 22.4 –23.8/kg, these
mostly go into the nail polish category. Typical average prices for pearlescent are in the € 51–
61.2/kg range, while pigments with metal effects have a price between € 20.4–23.8/kg. Colorshifting/optically variable pigments are in the € 442–544/kg range (Guzman, 2007).
Netherlands prices levels of paints with petrobased and biobased ingredients have been
depicted below (Source: Statline/CBS):
TABLE 32

PRICE LEVELS PAINT AND VARNISH BASED ON POLYESTERS, DISPERSED OR SOLVED IN A NON -WATER
MEDIUM

Year
2006
2007
TABLE 33

Price (€/ton) low
3,029
3,150

Price (€/ton) high
4,050
4,484

PRICE LEVELS PAINT AND VARNISH BASED ON ACRYL OR VINYL POLYMERS, DISPERSED OR SOLVED IN A
NON-WATER MEDIUM

Year
2006
2007
TABLE 34

Price (€/ton) low
4,245
3,503

Price (€/ton) high
5,362
4,333

PRICE LEVELS PAINT AND VARNISH BASED ON SYNTHETIC POLYMERS, DISPERSED OR SOLVED IN A NON
WATER MEDIUM (EXCL. POLYESTER OR ACRYL AND VINYL BASED)

Year
2006
2007
TABLE 35

Price (€/ton) low
3,285
3,208

Price (€/ton) high
4,039
3,617

PRICE LEVELS PAINT AND VARNISH BASED ON MODIFIED NATURAL POLYMERS, DISPERSED OR SOLVED
IN A NON WATER MEDIUM

Year
2006
2007
TABLE 36

Price (€/ton) low
3,610
4,792

Price (€/ton) high
5,339
6,093

PRICE LEVELS PAINT AND VARNISH BASED ON ACRYL OR VINYL POLYMERS, SYNTHETIC POLYMERS OR
MODIFIED NATURAL POLYMERS DISPERSED OR SOLVED IN A WATER MEDIUM

Year
2006

Price (€/ton) low
1,616

Price (€/ton) high
2,037
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2007

1,702

2,150

12.2.2

Market volume

The worldwide market for inorganic, organic and special pigments had a total volume of around
7.4 million tons in 2006. At growth rates of 2.9% p.a. this volume will rise to 9.8 million tons in
2016. Asia has the highest rate on a quantity basis followed by Europe and North America. In
2006, a global turnover of € 13 billion was reached mostly in Europe, followed by North America
and Asia. This turnover will increase to € 20,4 billion till 2016, corresponding to an annual
growth rate of 5%. Although organic pigments only account for 5% on a quantity basis, they
have a rate of 28% on a value basis. Yet it is very difficult to produce biobased pigment
(CeresanaResearch, 2007).
The world market for paint is estimated at ca € 65 billion. The market for decorative paints
represents 30-40% of the market, already 40-50% is biobased with respect to the binder resins
(expert interview WUR). The Netherlands 2004 total paint market is estimated at 210,000 tons
(€ 629,2 million), while the export is estimated at 70,900 tons (€ 242,6 million) (VVVF, 2005).
The market segmentation in the sector is presented in Figure 37.

Segmentation in the paint sector
5%

3%

5%
const ruction

7%

decorative
47%

indust rial
ship const ruct ion / repair
steel conservation
aut omot ive repair

33%

FIGURE 37 SEGMENTATION IN THE PAINT SECTOR. PERCENTAGES PER INDUSTRY

The size of the global paint market is expected to grow with 6% annually until 2010. Especially
in Eastern Europe, Turkey, Mexico and China the turnover of paint and industrial coatings will
increase rapidly (ANP, 2006).
The paint industry uses about 300 kton solvent annually, one percent of the market (20 kton) is
determined by additives.
12.2.3

Import and export data Netherlands

The Netherlands is the second largest paint exporter in Europe. Netherlands import and export
data for paints with petrobased and biobased ingredients include (source: CBS, 2008):
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PAINT AND VARNISH BASED ON POLYESTERS, DISPERSED OR SOLVED IN A NON-WATER MEDIUM

Year
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2007
TABLE 38
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Import (k€)
29,415
35,901

Import (tons)
9,711
11,395

Export (k€)
81,762
78,319

Export (tons)
20,188
17,468

PAINT AND VARNISH BASED ON ACRYL OR VINYL POLYMERS, DISPERSED OR SOLVED IN A NON-WATER
MEDIUM

Year
2006
2007
TABLE 39

Import (tons)
11,918
11,957

Export (k€)
120,304
115,239

Export (tons)
22,438
32,896

PAINT AND VARNISH BASED ON SYNTHETIC POLYMERS, DISPERSED OR SOLVED IN A NON-WATER
MEDIUM (EXCL. POLYESTER OR ACRYL AND VINYL BASED)

Year
2006
2007
TABLE 40

Import (k€)
50,587
51,815

Import (k€)
89,462
86,323

Import (tons)
27,235
26,909

Export (k€)
132,851
129,810

Export (tons)
32,896
35,885

PAINT AND VARNISH BASED ON MODIFIED NATURAL POLYMERS, DISPERSED OR SOLVED IN A NON-WATER
MEDIUM

Year
2006
2007
TABLE 41

Import (k€)
4,357
3,963

Import (tons)
816
827

Export (k€)
9,054
10,426

Export (tons)
2,508
1,711

PAINT AND VARNISH BASED ON ACRYL OR VINYL POLYMERS, SYNTHETIC POLYMERS OR MODIFIED
NATURAL POLYMERS DISPERSED OR SOLVED IN A WATER MEDIUM

Year
2006
2007
12.2.4

Import (k€)
75,763
72,365

Import (tons)
37,198
33,656

Export (k€)
130,227
139,339

Export (tons)
80,593
81,867

Production in the Netherlands and outside

In the Netherlands about 176 companies and 6300 employees are active in this field, compared
to 4836 companies in Western Europe (Kompass, 2008). Important Netherlands producers
include DSM Neo-Resins (formerly Zeneca Resins and Avecia), AKZONobel, Sigma Coatings
(manufacturer of binders), Hercules (manufacturer of cellulose derivates as binder), Aquamarijn,
Ursa and Auro. The Netherlands paint production represents about 4% of the total European
production. AkzoNobel has a market share of 8 to 9 percent. In 2005 their turnover was € 5.8
billion. The major paint manufacturers in Europe include BASF, Merck, Ciba, Bayer and Cognis.
The competition is enormous.
Netherlands producers are among the world market leaders in paint, together with BASF
(Germany) and DuPont (U.S.).
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SWOT BIOBASED PAINTS
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Other information and trends
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At the moment there is no stimulus to market biobased paints. Sigma Coatings has the
technology but refrains from using it. The main driver to produce biobased paint is the reduction
of organic solvents (Expert interview WUR). DSM Resins tries to make the solvents renewable
based or water borne where possible. Another trend is to produce high solids paints with
reduced amount of solvent. AkzoNobel Automotive in Sassenheim is planning to produce
biobased paints. DSM / Roquette is investigating possibilities for using succinic acid and
isosorbide to apply in powder coatings.
The driver to reduce solvent based VOC emission has led to the development of water-borne
acrylate paints, at the cost of alkyd paint market share. The consequence is that (partly)
biobased binders in alkyd paints have been replaced by fully synthetic acrylate binders. To
stabilize the water borne systems also increased amounts of biocides became necessary. In
application, water-borne acrylate paints are somewhat less user-friendly in creating a smooth
finish and removing old coatings.
The use of fully natural paints, based typically on linseed oil as a solvent/binder is and will
probably remain a niche market.
Plant oil is a potential raw material, Not only from sunflowers or soy, but possibly from algae as
well. AkzoNobel is part of a Netherlands consortium which has just received major funding to
investigate the potential of converting algae into feedstock for the chemical industry. Having
partnered with energy company Essent, algae producers Ingrepo and Wageningen University,
the consortium has now received more than €1 million of government funding after successfully
applying for a long-term energy research subsidy. The four-year study will involve scientists at
Wageningen conducting fundamental research into algal biology, growth parameter testing,
separation and the subsequent upgrading of algae fractions. In addition, a pilot project will begin
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at AkzoNobel’s Delfzijl site in order to scale up the processes. Factors that influence the
economics of algae-based chemical building blocks algae will also be investigated (AkzoNobel,
2008).
12.2.7

Final ranking commercial potential

Although the market possibilities for biobased paints are there, and the technology is ‘available’
we expect a modest growth in the use of these biobased paints. The largest market segments
represent ‘construction’ and ‘decorative’ (together over 80% of the paints market), in view of the
limited possibilities for external use the biobased paints will most likely not develop into
‘blockbuster’ paints. In addition, the IP rights related to biobased paints is in the hands of a
number of larger companies. Meanwhile it must be realized that the Netherlands has a leading
position in the paint sector. Although price information in the paint sector is relatively opaque,
data seem to indicate that paint with biobased components lies in the same price range as
100% petro based paint. Applications are limited, to date, because extremely high qualities are
demanded of the major share of paint and biobased paint does not perform to this demand.
However, the market for paint is huge, and the Netherlands has a very strong position in this
market. With improved performance biobased paint would thus be ranked as promising, but for
now as ‘moderate’.

12.3

Industrial relevance

12.3.1

Respondents

Three companies that are active or interested in the biobased paint business have filled in our
questionnaire.
Figure 38 shows the average ranking of the three companies of the importance of each of the
criteria they (would) use for the decision whether or not to invest in the development of a new
product. A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 39 shows the scores for the three companies separately on the (expected) performance
of biobased paint, using the same criteria and the scale: 1 is ‘very bad performance’ and 9 is
‘very good performance’.
The overall score of biobased paint is 6.3 points (‘moderate’) on a scale from 1 to 9.
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FIGURE 38 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF BIOBASED
PAINT. AVERAGE OF THREE COMPANIES.

FIGURE 39 BIOBASED PAINT SCORED ON THE CRITERIA. AVERAGE OF THREE COMPANIES

12.4

Conclusion

The combination of ‘moderate’ commercial potential and ‘moderate’ industrial relevance results
in the final ranking of biobased paints as ‘RELEVANT’.
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HTU DIESEL (HDL)
13.1

Introduction

Hydro Thermal Upgrading (HTU) is a bio-fuel conversion technology especially suitable for wet
biomass feedstock, such as beet pulp, sludge and bagasse. At a temperature of 300 - 350° C
and high pressure (120-180 bar), biomass is converted to a heavy organic liquid containing a
mixture of hydrocarbons, which is called 'bio-crude', comparable to crude petro-oil. The products
of the process are 45% bio-crude, 25% CO2, 20% H2O, and 10 % dissolving agents (acetic acid,
methanol). After processing, using catalytical hydro-de-oxygenation, a liquid bio-fuel can be
produced similar to fossil diesel. In this process oxygen is removed from the bio-crude by
adding hydrogen. Because a large amount of hydrogen is needed for this process, this is an
energetically and economically unfavorable aspect of this conversion and subsequent
upgrading technology. HTU-diesel can be blended with fossil diesel in any proportion without the
necessity of engine or infrastructure modifications (Refuel, 2008). Currently the process is not
technically optimized yet.
13.1.1

Chemical properties

The fuel qualities of HTU diesel are expected to be very good. The cetane number is higher
than that of conventional diesel, which denotes better ignitability. The fuel is clean and does not
contain any oxygen (Wakker, 2005).
13.1.2

Applications

HTU diesel can have multiple applications. First of all it can be used as a transportation fuel, for
the production of kerosene, as fuel in gas turbines, and as a raw material for a wide range of
chemicals. Besides, the bio-crude can be separated into light and heavy bio-crude. While the
light fraction can be used for the production of HTU diesel with just mentioned applications, the
heavier fractions, which contain all minerals from the bio-crude, can be used for co-firing in coalbased electric power plants. It can also be used as naphtha for the production of chemicals.
13.1.3

Value chain biobased HTU diesel

see next page
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FIGURE 40 VALUE CHAIN BIOBASED HTU DIESEL
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The production of HTU diesel should be assessed in a broader scope.
Biodiesel can be produced in various ways, e.g. recovery of rape seed oil by pressing rape
seed, followed by purification and transesterificaton with methanol. The products are biodiesel
and glycerol. Or just use the rape seed oil itself, indicated as PPO (pure plant oil). These two
methods are examples of first generation biodiesel production. In second generation biodiesel
production biomass waste material or energy crops based on lignocellulose are used. An
example is gasification followed by syngas treatment and subsequent Fischer-Tropsch
synthesis of alkanes, resulting in FT-diesel. A second example is HTU.
It is expected that in the future, second generation biofuel production, under which HTU, will
play an increasingly important role because it uses sustainably produced raw material instead of
expensive plant oils. Commercialization of second generation biodiesel production will compete
to a certain extent with second generation bio-ethanol production. In the future combinations of
pathways may be possible in which the carbohydrate fraction is converted into ethanol and the
lignin and other residues into biodiesel. (Quick Scan Biobrandstoffen).

13.2

Commercial potential

13.2.1

Price levels

The HTU process produces up to 80% of its output as an oil that can be converted to highquality kerosene and diesel analogues, according to Biofuel B.V. engineer Frans Goudriaan. He
estimates that the biofuel will be sold at a price competitive with crude oil (Renner, 2003).
Price levels for HTU Diesel in The Netherlands are presented in
Table 43.
TABLE 43

PRICE LEVELS FOR HTU DIESEL IN THE NETHERLANDS

Price (€/kL)
580
250
13.2.2

Year
2006
2006

Reference
Zwart et al., 2006
Zwart et al., 2006

Market volumes

Currently there is no commercial production of HTU diesel yet. Biofuel B.V. – a Netherlands
company - hopes to market its diesel substitute by 2010 and estimates that HTU diesel could
replace 5% of the fossil diesel fuel in the Netherlands by 2020. In 2006, the market volume of
fossil diesel fuel was about 8,260 million liter, 5% then accounts for about 410 million liter (CBS,
2008).
Biofuel B.V. estimates that the HTU technology will process 4 Mton dry biomass per year in
2020 and 27Mton in 2040.
13.2.3

Production in the Netherlands

Biofuel B.V. and TNO (Apeldoorn) have developed the process and have built a 100 kg
biomass/h pilot plant. Currently Biofuel B.V., TNO, HVC Alkmaar and Total together develop the
process further.
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SWOT HTU DIESEL

13.2.5

Final ranking commercial potential
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In principle we would consider the commercial potential of HTU Diesel as ‘promising’, the
increasing shortage of petrochemical diesel and the steady growth of the biodiesel sector make
HTU Diesel an interesting alternative car fuel. Meanwhile its technical limitations and the
presence of alternative biobased diesels do make the future for HTU Diesel less bright. To date,
HTU-Diesel is not yet introduced into the market. There is only one (Netherlands) company with
the rights to market the biofuel. The director of this company estimates that the HTU-diesel will
be sold at a price competitive with crude oil. The company hopes to market its diesel substitute
by 2010 and estimates that HTU-diesel could replace 5% of the fossil diesel fuel in the
Netherlands by 2020. However, there are no other publications on the potential market share of
HTU-diesel. Considering that the conversion technique still needs to be improved and that there
is only one company (worldwide) active in this field, the potential is ranked as ‘moderate’.

13.3

Industrial relevance

One company active or interested in the biodiesel business has filled in our questionnaire.
Figure 41 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 42 shows the score for the company on the (expected) performance of HTU diesel, using
the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’. ‘
The overall score of HTU diesel is 7.4 points (high’) on a scale from 1 to 9.
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FIGURE 41 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF HTU DIESEL
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FIGURE 42 HTU DIESEL SCORED ON THE CRITERIA

13.4

Conclusion

The combination of ‘moderate’ commercial potential and ‘high’ industrial relevance results in the
final ranking of HTU diesel as ‘VERY RELEVANT’.
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CELLULASE (CEL)
14.1

Introduction

Cellulases are a group of enzymes which, acting together, hydrolyze cellulose. Cellulose is one
of the main components of plant material (Worthington Enzyme Manual, 2008).
14.1.1

Chemical properties

Cellulose is a linear polysaccharide of glucose residues connected by β-1,4 linkages. Like chitin
it is not cross-linked. Native crystalline cellulose is insoluble and occurs as fibers of densely
packed, hydrogen bonded, anhydroglucose chains of 15 to 10,000 glucose units. Its density and
complexity make it very resistant to hydrolysis without preliminary chemical or mechanical
degradation or swelling. In nature cellulose is usually associated with other polysaccharides
such as xylan or with lignin. It is the skeletal basis of plant cell walls. A complex of cellulase
enzymes is able to break the rigid structures down (Explained, 2008).
Enzymes are proteins, produced by all living organisms, with an ability to catalyze specific
chemical reactions. Cellulase is an enzyme that cuts the polymer cellulose into shorter
saccharide fragments.
In nature, a battery of enzymes (hydrolytic and oxidative) produced by a variety of fungi and
bacteria, work in synergy to perform lignocellulose degradation. Fungi are able to degrade
cellulose and hemicellulose and lignin in decaying plants by a complex set of excreted hydrolytic
and oxidative enzymes while the filamentous bacteria of the genus Streptomyces, among
others, are able to degrade lignocellulose found in soil and composts also via the activity of
excreted cellulases, hemicellulases and peroxidases. These bacterial enzymes, contrary to the
biocatalysts produced by fungi, are more stable towards temperature and are able to perform in
an alkaline pH (Bon & Ferrara, 2007).
Enzymes can be produced by solid-state and submerged fermentation, where the
micro-organisms are cultivated on the surface of a solid substrate or in a liquid medium
respectively. Currently, most commercial cellulases (including β- glucosidase) are produced by
Trichoderma species and Aspergillus species.
14.1.2

Applications

Currently, cellulases are used in the textile industry for cotton softening and denim finishing, in
the detergent market for color care, cleaning, and anti-deposition, in the food industry for
mashing, and in the pulp and paper industries for de-inking, drainage improvement, and fiber
modification (Zhang et al., 2006). New applications include degradation of second generation
biomass, containing high amounts of lignocelluloses, into sugar so that cellulose wastes can be
utilized as feedstock for fermentation processes (Apun, 2008).
14.1.3

Value chain biobased Cellulase

see next page
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FIGURE 43 VALUE CHAIN BIOBASED CELLULASE
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The market price for the cellulase enzyme is € 26.60/kg (Zhuang, 2004). Recently,
biotechnology companies Genencor International and Novozymes Biotech have reported the
development of technology that has reduced the cellulase cost for the cellulose-to-ethanol
process from € 1.07/ liter of ethanol to approximately 4 cents per litre of ethanol (Zhang, 2006).
The enzyme cost of ethanol production using corn stover, in Novozymes' case lies between 2
and 4 eurocents per litre (Ritter, 2006).
14.2.2

Market volumes

The cellulase market is expected to expand dramatically when cellulases are used to hydrolyze
pretreated cellulosic materials to sugars, which can be fermented to commodities such as bioethanol and biobased products on a large scale. For example, the potential cellulase market
has been estimated to be as high as € 336 million per year if cellulases are used for hydrolyzing
the available corn stover in the midwestern United States. This market scenario represents an
increase of 33% in the total US industrial enzyme market (Wolfson, 2005).
Most of the industrial enzymes (60%) are produced in Europe, whereas the remaining 40%
come from the United States and Japan. Presently, the world enzyme market is estimated to be
worth € 3 billion, whereof approximately 60% are attributed to industrial enzymes, with a rising
tendency of 5.7% per year. On the other hand, the world demand for enzymes is expected to
rise 6.5% per year to nearly € 4 billion in 2009. In this context, hydrolases represent 75% of the
industrial enzymes and carbohydrases are the second largest group of industrial enzymes.
Cellulases contribute to 8% of the worldwide industrial enzyme demands.
14.2.3

Production in the Netherlands and outside

Netherlands manufacturers of cellulases include DSM and Genencor (Danisco).
Danish firms Novozymes and Danisco's Genencor International division currently dominate the
commercial enzymes field. These companies garner about 44% and 18%, respectively, of the
enzymes market. DSM and BASF each have roughly a 5% share, with the remainder of the
market made up of a mix of companies (Ritter, 2006).
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Genencor currently reported to have developed Accellerase™1,000, which contains a complex
of enzymes able to reduce biomass with the complicated lignocelluloses structure to
fermentable sugars with a high yield. The new enzyme complex does not yet have a large scale
application. Yet, it is used in pilot and demonstration projects (Genencor, 2008).
The potential of lignocelluloses as feedstock is underlined by the relatively low feed costs of € 2
-1
-1
-1
to € 5.5 GJ compared to € 10.2 GJ for starch and € 6.8 to € 20.4 GJ for crude oil. Yet, the
-1
-1
processing costs are higher with € 12.2 to 34 GJ for lignocelluloses compared to € 6.8 GJ for
starch and € 0.7 to € 4.1 for oil. Expectedly, in the near future the processing costs of
lignocelluloses will decrease further (Eijk, 2008).
14.2.6

Final ranking commercial potential

The use of 2nd generation biomass, or lignocelluloses, as feedstock for biobased products,
depends on the availability of cellulose converting enzymes. Currently, mixes of cellulase are
marketed by a handful of European companies. Yet the biomass still needs to be prepared
before the enzyme can do its work. Prices of the enzyme are high, but decreasing. The largest
share is used for the production of bio-ethanol. Enzymes which can convert raw biomass are
being developed. Expectedly, their market will be immense as cellulase is the key to sustainable
production of a increasing range of products. The Netherlands has a strong position in the
enzyme market. Therefore, the potential of cellulase is ranked as ‘promising’.

14.3

Industrial relevance

Two companies active or interested in cellulase business have filled in our questionnaire.
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Figure 44 shows the average ranking of the company of the importance of each of the criteria
they (would) use for the decision whether or not to invest in the development of a new product.
A scale from 1 to 9 was used: 1 is ‘not important’ and 9 is ‘extremely important’.
Figure 45 shows the score for the company on the (expected) performance of cellulase, using
the same criteria and scale: 1 is ‘very bad performance’ and 9 is ‘very good performance’.
The overall score of biobased cellulase is 8.5 points (‘high’) on a scale from 1 to 9.
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FIGURE 44 MEASURED IMPORTANCE OF CRITERIA FOR ASSESSMENT OF INDUSTRIAL RELEVANCE OF CELLULASE.
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Cellulase scored on the criteria. Average of two companies.

Conclusion

The combination of ‘promising’ commercial potential and ‘high’ industrial relevance results in the
final ranking of cellulase as ‘VERY RELEVANT’.
Commercial potential
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ADDENDUM 1. LIST OF RESPONDENTS
TABLE 46

POSITIONS OF RESPONDENTS

Company

Position

Albemarle

Director R&D

Biofuel

Director

Ciba

Former head of Technology department. Currently consultant linked
to company

CP Kelco

R&D manager

DSM

Business analyst

DSM

Business researcher

Imenz

Director

Nature Package

Managing director

Nedalco

Manager Business Development & Marketing

NPSP Composieten

Project coordinator

NNZ

Product manager plastics

Nuplex Resins

R&D manager

Novamont

Sales area manager

Promolding

Senior innovation technologist

Sabic-europe

R&D with responsibility the mapping of the potential of renewables
for the chemicals business.

Confidential

Director R&D

Confidential

Manager innovation Centrum Chemical and Pharma.

Confidential

Business Development Manager Benelux

Confidential

Business Analyst
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