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  Introduction  
This chapter looks at regional ag
glomerations that have specialised 
in bioeconomy: also known as bio
tech clusters. By definition, a bioe
conomy obtains its building blocks 
for materials, chemicals and ener-
gy from renewable biological re-
sources . As a result, a bioeconomy 
has the potential to promote sustain
able development by contributing 
to a shift of energy generation away 
from fossil fuels, which would re
duce global warming and simulta
neously support innovations and re
gional and agricultural development 
( McCORMICK and KAUTTO 2013). At present, 
the expectations that bioclusters will 
play a key role in the development of 
the bioeconomy are so high that in 

many countries the funding of bio
clusters plays an extraordinary role 
in bioeconomic policies (ZECHENDORF 

2011, DIETZ et al. 2018). — However, 
to date, a generally recognised defi
nition for a bioeconomic cluster has 
yet to be established and it is un
clear what role such clusters can play 
during the transition to sustainabili
ty. Although sustainability is consid
ered the central argument for active 
political promotion of the bioecono
my, this expectation has hardly been 
fulfilled (RAMCILOVIC-SUOMINEN and PÜLZL 

2018). The purpose of this article is to 
structure the debate on bioclusters 
to develop a typology that shows the 
role of various types of bioclusters for 
sustainable regional development 
and the transition to a bioeconomy.

  Development of a typology 
of  bioclusters  
In order to define bioclusters one 
must first have a general under
standing of an industrial cluster. The 
most common description of a clus
ter originated from Porter (1990), and 
defines it as ‘a geographically proxi
mate group of interconnected com
panies and associated organisations 
(for example, universities, standards 
agencies, and trade associations) 
in a particular field, linked by com
monalities and complementarities. ’ 
In the case of a biocluster, the ‘par
ticular field ’ is one or several sectors 
of the bioeconomy. This answers the 
question of what a biocluster actu
ally is, however, only in part, since 
there are many varying definitions 
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of the term bioeconomy. Bioecono
my, biobased economy, circular bio
economy and the knowledgebased 
bioeconomy (KBBE), have all varying 
meanings with impacts on which 
sectors are then to be included in 
the bioeconomy concept. — The 
cluster typology presented here is 
based on the multilevel concep
tualisation of an innovation system 
of Binz and Truffer (2017). They distin
guish between the different types of 
knowledge used and certain prod
uctspecific key aspects of generat
ing value. Several sectors are found
ed on formalised and codified types 

of knowledge ( STI: Science, Technol
ogy and Innovation), while others are 
based on pure practical knowledge 
DUI (Doing, Using and Interacting). 
 — The second axis  focuses on the 
type of added value. Is the sector fo
cused on cost reduction, standard
ised production methods or will the 
added value be created through 
specialisation and individualisation 
or customisation? The various strat
egies on generating added value 
form a central element for classifi
cation of various bio economic sec
tors and are often displayed in what 
is known as the ‘ value pyramid of 

biomass ’ (ASVELD et al. 2011). The idea 
is that at the bottom of the pyra
mid, companies, who produce sim
ply standardised mass products, are 
in competition with each other on 
cost price, whereas higher up in the 
pyramid the activities and products 
become more specialised and cus
tomised and generate increasing 
added value. — In Table 1 , there 
are four types of bioclusters associ
ated with typical examples of other 
cluster typologies such as the clas
sic typology of industrial districts 
(MARKUSEN 1996) and the knowledge 
based taxonomy of clusters accord
ing to Iammarino and McCann (2006). 
 — It is important to mention that 
biotech clusters are not static. Dur
ing their life cycle they can further 
develop from one quarter to the 
next (refer also to BINZ and TRUFFER 2017). An 
important assumption in conjunc
tion with this is that for the develop
ment of the full potential of a region, 
it is essential to move up the  biomass 
pyramid to the highest value pos
sible at premium pricing. Starting 
from the agricultural agglomera
tion, a biocluster could move in two 

Pharmaceuticals
Fine chemicals

Health and 
lifestyle

Nutrition
Food
Feed

Chemicals
Performance materials
Fermentation, commodity chemicals
Fertiliser, bulk chemicals

Energy
Fuel, transport fuels
Fire, Electricity and heat

A
D

D
ED

 V
A

LU
E

V
O

LU
M

E

1



81

Table 1: Types of bioclusters

Type of knowledge

DUI STI

Va
lu

at
io

n

St
an

da
rd

is
ed

Agricultural agglomerations

Examples: glass house /horticultural clusters, wine 
clusters, intensive animal husbandry areas

 — Fragmented, atomistic network
 — Traditional agricultural innovation model with 
strong role of NARS* in innovation development
 — Cluster functions mainly for lobbying and sectoral 
representation
 — Local resource base is sector specific: crops and 
dairy more local inputs; animal husbandry more 
global inputs

Green chemistry bioclusters

Examples: biorefineries, green chemistry (industrial 
biotech), paper and pulp clusters

 — ‘ Hub and spoke ’-network with a centralised pro-
cessing facility, often dominated by large incum-
bents (MNC— Multinational Companies)
 — Innovations sources are internal R&D and collabo-
rations with universities 
 — Cluster provides long term demand guarantee for 
agricultural products
 — Local resource base is sector specific: paper and 
pulp more local inputs; biofuel and bioenergy 
more global inputs.

Cu
st

om
is

ed

Marshallian bio-district

Examples: fashion, leather, wood construction and 
building

 — Tight and informal network built around family 
businesses
 — Innovation results from customer demands and 
interactions
 — Cluster provides image and branding
 — Medium reliance on local resource base

Life-science clusters

Examples: pharmaceuticals and medicine (red bio-
tech), cosmetics

 — Innovations sources from university knowledge 
and spin-offs
 — Global knowledge network, local financial network 
with venture capitalists
 — Cluster provides venture capital, knowledge spill-
overs and mentors
 — Low to very low reliance on local resource base

* NARS – National Agricultural Research System
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 directions. The first direction would 
be to establish the region as a brand. 
In such a scenario, a biocluster would 
move up the valueadded chain in 
a process of diversification or ‘niche 
formation’ of the primary produc
tion thereby promoting local pro
duction through regional branding. 
State policies should concentrate 
in such a scenario on the  regional 
brand formation and promotion 
of regional diversification, in par
ticular through the settling of new 
SMEs (Small and mediumsized en
terprises). This strat egy is not always 
possible, however, and depends on 
 regional peculiarities and the exist
ence of a neighbouring city. The sec
ond option would be to try to form a 
‘green chemistry ’ type of cluster. This 
would entail a centralisation of pro
duction and could be an interesting 
option for agricultural regions with 
comprehensive primary production. 
State authorities should attempt to 
create a central processing plant in 
the region, depending on the prod
uct, it could also be a biorefinery. 
The transition from a Marshallian bio
district to a lifescience cluster is seen 

as a shift from DUI to STI expertise. 
This would require investments in 
the regional scientific infrastructure, 
in particular in universities and other 
basic knowhow that can contribute 
to adapting global knowledge to lo
cal circumstances and vice versa.
  The role of different types of   
biotech clusters in different trans- 
formation paths  
The four types of bioclusters can each 
have a different transition pathway 
to a bioeconomy. In this connection, 
Dietz et al. (2018) identified four paths 
that a transformation process may 
follow. It is important to note that 
their pathways are defined from the 
supply side and as a result these four 
pathways follow the logic of scale in
creases of the activities within the 
cluster. Still, these pathways give 
a good starting point to think about 
the role of different types of bioclus
ters in the transition. refer to Figure  2

 — It is important to observe that 
the four different paths of cluster 
formation are determined by the 
supply side (raw materials, produc
tion factors, human capital, etc.). In
creasing scales or size  advantages 

of certain activities decide which 
activities grow the greatest in the 
cluster during the course and drive 
a clusterspecific regional speciali
sation. Therefore, these paths pro
vide a good starting point to con
template the role of various types of 
biotech clusters for the transforma
tion to a bioeconomy. — For in
stance, agricultural agglomerations, 
and the boosting primary produc
tion pathway seem like a logical fit. 
The idea here is technological inno
vation leads to increases of produc
tivity in agriculture and forestry that 
can open up new production meth
ods or locations. This  transformation 
pathway follows the logic of the 
Green Revolution with its focus on 
the agroindustrial model of scale in
creases. — Green chemistry clus
ters could potentially follow the fos
sil fuel substitution and conversion 
pathways. This pathway focusses 
on process innovations and con
version of new and (more) efficient 
uses of biomass comes to the fore
ground. This pathway looks at the 
processing of biomass and the most 
efficient use of it in downstream sec
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tors. Biotechnology (enzymatic syn
thesis) can play an important role in 
this pathway. — For the high
tech lifescience clusters, but also to 
some of the Marshallian biodistricts 
focussing on fashion, leather and de
sign the pathway labelled ‘ low bulk, 
high value applications ’ seems to be 
most appropriate. The difference be
tween them is that in the hightech 
lifescience clusters, the five biolog-
ical principles (cell theory, genetics, 
evolution, homoeostasis, the law of 

thermodynamics) are used more or 
less independently of the biomass 
streams are used. The correspond
ing transformative processes poten
tially result in cheaper and more en
vironmentally friendly production 
methods or completely new prod
ucts. In the Marshallian bio cluster 
the link to the primary product is 
more pronounced. Especially in fash
ion districts, parts of the production 
process (the design) can be done in 
 Europe, while 

actual production is done some
where in Asia.
  Discussion and  conclusions  
The here presented typology of bio
clusters is a work in progress and de
pends on a review of some existing 
cluster typologies combined with an 
analysis of some of the characteris
tics of different sectors of the bioec
onomy. As such, the here present
ed typology contains a number of 
‘ archetypes ’ of bio clusters. In reality 
bio clusters probably contain a broad 
mix of sectors, some of which are not 
connected to the bioeconomy at all 
(for instance ICT). — In a similar 
vein it has to be noted that the en
vironmental and social implications 
of some of the four transformation 
pathways is often contested. The 
classic example here are the biofuel 
policies in the EU and US that have 
led to increased demand for bioen
ergy, with direct and indirect effects 
on land use worldwide depending 
on land availability. The negative en
vironmental consequences of the 
first generation biofuels made this 
policy controversial and combined 
with lower prices of fossil fuels due 
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to the increasing supply of shale gas 
from fracking has led to calls away 
from biofuels and more towards pol
icies aimed at the manufacturing of 
bio plastics (CARUS et al. 2011). Therefore, 
issues like the rebound effect, ge
ographical and temporal negative 
tradeoffs in the forms of (in)direct 
land use and climate change and so
cial and economic dependencies on 
regional primary production need to 
be monitored for their potential neg
ative repercussions for the sustaina
ble development at regional, nation
al and international levels. A more 
detailed and refined view on these 
effects, not only inside but also out
side of the clusters and the differ
ent effects across different levels is 
necessary and this is something we 
will work on in the future within the 
 TRAFOBIT group.
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