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Abstract 

 

In recent years, the necessity and opportunity for transforming pulp and paper mills 
into integrative units for large-scale output of biochemicals, biomaterials, and biofuels 
have come up in discussions of industrial renewal in the Northern hemisphere (mainly 
in Canada, Sweden and Finland). This transformation is related to technology shifts as 
well as changing business models based on new bioproducts due to profoundly new 
market conditions. The aim of this dissertation is to analyse how wood-based biomass 
industries – with an emphasis on incumbent pulp and paper industries (PPIs) – are 
managing this industrial and technological transformation that is taking place beyond 
the papermaking paradigm. Innovation theories on mature industries, their 
incumbents, and their propensity for technological lock-in and inertia are well-known. 
How new entrants and incumbents manage these large shifts is seen as central in 
understanding the dynamics of new, large-scale sustainable technologies on the one 
hand and the renewal of large, mature process industries on the other. Three research 
questions are addressed. First, where are the knowledge and technology frontiers 
developing in this transformation? Second, how are incumbents of PPIs are managing 
large market and technology shifts based on existing capabilities and knowledge bases? 
Third, what are the key mechanisms behind the transformation of PPIs from a process-
industry perspective? The hermeneutical insights into the system of biomass 
technologies in general and the PPI industries in particular were gained by using a 
qualitative case-study approach, which formed the basis for four research articles and 
for outlining the empirical context and key words search of the quantitative 
bibliometric methods in a fifth research article. The research findings and main 
contributions address an identification of the, analytical, “formal”, science-based 
technology frontiers from a knowledge base perspective.  Old industrialised forest/PPI 
nations tended to specialize in rather slow growing, forest-based frontiers. They seem 
to have stayed close to the research trajectories of their woody raw material and 
knowledge base with the exception of North America. However, this not the entire 
explanation of transformation and technology development. Chemical pulp mills, in 
several cases developed into biorefineries, are the nexus of the emerging development 
block. They are contributing with products in a bioeconomy that is actively moving 
away from fossils and polluting materials (such as cement, cotton, plastics). In addition, 
demo plants (potentially nurturing hundreds of bioproducts) that are present at mill 
sites and involve different stakeholders, can act as the interface between analytical and 
synthetic knowledge bases that otherwise are difficult to combine in the upscaling 
phases of process industries. The response of PPI organizations to shifts in both 
technology and business models is also explained by the concept of diverging 
innovations of non-assembled products. These are part of a diversification of an 
industry from a forest industry perspective, and also of a diversification that may enter 
trajectories of several by-products and side-streams of the pulp “biorefinery” mill, and 
have analogies to a product-tree and to the material transformation flow of its 
production systems. But it is also a phenomenon of synergies in a broader multi-
sectorial perspective, i.e. new sets of related products/processes that are able to replace 
industries of non-assembled products under the above-mentioned, new market 
conditions. The phenomenon of diverging innovations can be regarded as both an 
empirical contribution – the breaking up of a closed integrated process industry into 
something new with several emerging and integrative industries as a response to the 
large shifts in papermaking and sustainable needs in society – and as a theoretical 
remark on the model for non-assembled products presented by Utterback (1994). 
 
Keywords: Technological and industrial transformation, development block, 
incumbents, pulp and paper industries, wood-based biorefinery, diverging innovations 
of non-assembled products 



  

 

Sammanfattning 

Under de senaste åren har nödvändigheten och möjligheten att omvandla massa- och 
pappersbruk till integrerade produktionsenheter för storskalig produktion av 
biokemikalier, biomaterial och biobränslen uppkommit i diskussioner om industriell 
förnyelse på norra halvklotet - främst i Kanada, Sverige och Finland. Denna 
omvandling är relaterad till teknikskiften samt förändrade affärsmodeller baserade på 
nya bioprodukter och kraftigt ändrade marknadsförutsättningar. Syftet med 
avhandlingen är att analysera hur vedbaserade industrier – med betoning på befintliga 
massa- och pappersindustrin - hanterar denna industriella och tekniska omvandling 
utanför det traditionella papperstillverkningsparadigmet. Innovationsteorier om 
mogna branscher, deras benägenhet för teknisk inlåsning och tröghet är välkända. Hur 
nya och etablerade aktörer hanterar dessa stora förändringar ses som central för att 
förstå dynamiken i ny, storskalig, hållbar teknik å ena sidan och förnyelse av mogna 
processindustrier å andra sidan. Tre forskningsfrågor behandlas. Först, var utvecklas 
kunskaps- och teknikfronter i denna omvandling? För det andra, hur hanterar 
etablerade aktörer i massa- och pappersindustrin  stora marknads- och 
teknologiskiften baserade på befintliga kunskapsbaser? För det tredje, vilka är de 
huvudmekanismerna bakom omvandlingen av massa- och pappersindustrin ur ett 
processindustriellt perspektiv? Förståelsen för det biomasseteknologiska systemet i 
allmänhet och massa- och pappersindustrin i synnerhet erhölls genom att använda 
kvalitativa fallstudier och metoder. De låg till grund för fyra forskningsartiklar och 
utmejslade den empiriska kontexten för kvantitativa, bibliometriska metoder i en femte 
forskningsartikel. Forskningsresultaten utgörs bl a av en identifiering av analytiska, 
"formella", vetenskapligt baserade teknikfronter. Äldre skogsindustriländer tenderar 
att specialisera sig i långsamväxande, skogsbaserade teknikfronter. De följer 
forskningsbanor närmare deras vedråvaru- och kunskapsbaser (med undantag av 
Nordamerika). Men det är inte hela förklaringen till teknikutvecklingen och dess 
omställningspotential. Kemiska massabruk, i flera fall utvecklade till bioraffinaderier, 
kan utgöra hävstången för ett framväxande utvecklingsblock. De bidrar med produkter 
i en bioekonomi som aktivt rör sig bort från fossila och resursineffektiva material och 
processer (såsom cement, bomull, plast). Dessutom kan demonstrationsanläggningar 
härbärgera en storskalig testmiljö för hundratals bioprodukter som är placerade i 
närheten av massafabriker och som involverar forsknings-, industri- och 
samhällsintressenter. De kan ävenfungera som gränssnitt mellan analytiska och 
syntetiska kunskapsbaser som annars är svåra att kombinera i uppskalningsfaser. 
Massa- och pappersindustrins omvandling förklaras också av begreppet divergerande 
innovationer av icke-sammansatta produkter. Dessa är delvis en diversifiering av en 
bransch ur ett skogsindustriellt perspektiv, delvis en diversifiering som kan generera i 
biprodukter och sidoströmmar, som har analogier med produktträd och påminner om 
det materiella transformationsflödet i det egna produktionssystemet. Divergerande 
innovationer kan ge ett synergifenomen ur ett bredare sektoriellt perspektiv, dvs nya 
uppsättningar av produkter och processer som kan ersätta industrier med icke-
sammansatta produkter under de nya marknadsförhållandena som ovan beskrivits. 
Fenomenet med divergerande innovationer kan betraktas som både ett empiriskt 
bidrag - att bryta upp en sluten, integrerad processindustri till något nytt med flera 
framväxande och integrerande näringar som ett svar på de stora förändringarna i 
industrin och i samhället – och också som en kritik av modellen för icke-sammansatta 
produkter som tidigare presenterats av Utterback (1994). 

Nyckelord: Teknologisk och industriell omvandling, utvecklingsblock, etablerade 
företag och industrier, massa- och pappersindustrin, vedbaserade bioraffinaderier, 
divergerande innovationer av icke-sammansatta produkter. 
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1 Introduction  

This introduction begins with background, problem formulation and aim of this 

dissertation, followed by a description and positioning of the research approach and 

empirical field.  

 

1.1 Background and problem formulation  

 

In recent years, the necessity and opportunity for transforming mature pulp and paper 

mills into integrative units for large-scale output of biochemicals, biomaterials, and 

biofuels have come up in discussions of industrial renewal and are based on the 

leadership of the pulp, paper, and forest industries (Beckeman, 2008; Hylander, 2009; 

Hämäläinen et al, 2011; Pätäri et al. 2011, Peterson, 2011). These production units are 

often rooted in wood-based, old, industrialised nations such as Sweden, Finland, and 

Canada. In a context where fossil fuels and petroleum based products are increasingly 

considered to have a negative external effect on the economy and to be a limited 

feedstock, discussions have given strength to the idea that biobased and biodegradable 

products and processes can, at least partly, replace them. An assumption of this thesis is 

that pulp and paper industries (PPIs) have the capability to transform themselves and 

that such transformation might be a crucial part of a bioeconomy based on renewables, 

e.g. biofuels, biomaterials, and biochemicals from lignocellulosic feedstocks (woody 

and non-food crops) (see Axegård 2009; Kamm et al 2010; Lindström & Aulin 2014). 

 

A large-scale transformation into a biobased economy is likely to be an important means 

to meet the challenges of climate change. Some of these opportunities have been 

recognized for decades but have not been exploited due to stable paper demand on a 

global scale, easily accessible oil, and cheap energy. For instance, it has been known for 

decades that biomass can be used for virtually all needs that are currently provided for 

by oil and petrochemicals, including food, fuel, heating, construction, clothing, hygiene, 

chemicals (lubricants, adhesives, inks, paints, plastics, and pharmaceuticals), packaging 

coating materials, etc. (Glesinger, 1949; Kamm et al., 2010; Axegård 2009). 

 

A biorefinery, defined here as an industrial facility that is able to convert and extract 

biomass feedstock into sustainable materials, chemicals, fuels, and energy, is not 

necessarily a radical platform. Almost a century ago there existed – by today’s standards 

– small-scale, multi-product, sulfite technology-based mills in the US, Germany, and 

Sweden. However, as oil became the dominant feedstock of energy and chemical 

products after World War II, these mills became obsolete (Kamm et al 2010; Chum and 

Overend, 2001; Persson, 2007). 
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In Canada, Sweden, and Finland, the forest industry accounts for 6%, 12%, and 20%, 

respectively, of total exports and also plays a significant role in terms of employment 

numbers, shares of GDP (Statcan 2015; SCB 2013; Finnish Forest Industries, 2014). 

When it comes to pulp, paper, and sawn products, Sweden is today the third largest 

exporter in the world after Canada and the US. In the EU, Sweden and Finland are the 

top two exporters of graphic papers, the segment that has been most heavily influenced 

by the digital revolution in the 2000s. Of the graphic paper segments, Sweden is the 

largest exporter of printing paper and Finland is the major exporter of office paper and 

fine papers.  

Climate change due to the burning of fossil fuels and plastic pollution of the oceans are 

some of the great medium- and long-term challenges for modern societies and their 

industries. As the largest biomass infrastructure on earth and the largest consumer of 

electricity in Canada and Sweden – as well as the largest consumer and producer of 

bioenergy in Sweden – PPIs are under greater pressure than ever before. It is, therefore, 

of management and policy interest to analyze how incumbents are responding to and 

handling technology shifts, e.g. by substituting fossil-based technologies with biomass-

based technologies and products. 

In academia, the technological transformations in PPIs have been, with a few 

exceptions, characterized by gradual changes along established technological 

trajectories – e.g. improvements within the chemical/mechanical pulping and paper 

machine technologies rooted in the late 19th and early 20th centuries and in continuous 

production efficiency methods (Biermann 1996; Laestadius 2000). Heavy industries 

such as PPIs are therefore characterized by a strong momentum towards exploitation of 

existing capabilities, which is very much due to a rather inflexible plant layout (Novotny 

& Laestadius 2014; Lamberg et al, 2012; Pätäri 2011; Abdulmalek 2006; Nelson, 1994; 

Utterback 1994) and organisational inertia (Henderson & Clark 1990, Tushman & 

Andersen, 1996/1997).   

 

The most impressive progress has been achieved in the technological fields of 

automation control, energy efficiency, and upscaled machinery, e.g. larger continuous 

digester plants and faster, larger, and more efficient paper machines with the goal of 

providing continuous availability and runnability without production breaks. It might 

therefore be discussed, at least until recently, how inertia has not only been strongly 

influenced by large-scale material production units but also by integrated processes that 

have been transformed stepwise. The stepwise nature of such transformations is closely 

related to the engineering community’s views of what it is possible to do within an 

industry. Conservative “thought style” was a term coined by Fleck (1936) and similarly 

adopted by Kuhn (1962) and by Constant (1980) for characterizing a research or 

engineering community in their scientific or technological development. PPIs have 

indeed been rigid towards radical innovations in simple terms – particularly since the 
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1960s R&D investments are seldom greater than 1% of total turnover, and the low 

mobility of the work force and low recruitment of new engineers enhance the 

conservative mindset (Pavitt, 1984; Peterson, 1996; Laestadius 2000). This inertia has 

been reinforced – at least until recently – by the homogenous engineering and 

technological community of PPIs that has developed unidimensional visions and beliefs 

of what it is possible to achieve within the technological paradigm, e.g. SPCI, the 

Swedish Cellulose and Engineering Association (Laestadius, 2000).   

 

Global competition within the forest industries and the rise of emerging economies on 

the papermaking scene began in earnest in the 1990s with the introduction of fast-

growing fibers (eucalyptus) and large, efficient pulp mills in South America (Lamberg 

et al, 2012). In the mid-2000s, uncertainties regarding energy supplies, the mitigation of 

greenhouse gases, and other growing environmental concerns as well as competition for 

biomass from other sectors put additional drivers on the forest industry. The huge 

electricity consumption of mechanical pulping processes1 in the printed paper segments 

as well as the market decline of 5–10% annually in newsprint and magazine papers on 

the EU market – which has been evident since 2006–2007 due to the advent of disruptive 

multimedia and digitalization technologies – suggest the need for alternative uses and 

more value-added production of soft woods (mainly spruce) in the Nordic countries.   

 

The aim of this dissertation is to analyse how wood-based biomass industries – with an 

emphasis on incumbent PPIs – are managing the industrial and technological 

transformation that is taking place beyond the papermaking paradigm. By decomposing 

this transformation into key mechanisms of change in which different kinds of 

knowledge bases and sets of technologies work as building blocks, this thesis focuses 

on three layers of transformation revealed in the three research questions below. 

Literature streams on mature industries, their incumbents, and their propensity for 

technological lock-in and inertia are well-known (Utterback 1994; Christensen 2000).  

How incumbents – or representative incumbents in terms of PPIs, the largest biomass 

infrastructure and industry – manage these shifts might be of central importance in 

understanding the dynamics of new, sustainable technologies on the one hand and the 

renewal of large, mature process industries on the other. 

 

RQ 1: Where are knowledge and technology frontiers developing in this 

transformation?   

RQ 2: How are incumbents of PPIs managing large market and technology shifts based 

on existing capabilities and knowledge bases? 

RQ 3: What are the key mechanisms behind the transformation of PPIs from a process-

industry perspective? 

                                                           
1 The paper mill of Braviken outside Norrköping is consuming more than twice as much electricity as the rest of the 

municipality of Norrköping (135,000 inhabitants). 
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Table 1. Overview of the individual papers 

Article Research focus 
Theoretical 

concerns 

Empirical focus 

Paper 1: Novotny, M. & U. 

Sandström, 2015 (not 

published yet). “Publication to 

Patent Analysis for Detecting 

Science & Technology 

Frontiers; the Case of 

Biofuels, Biochemicals and 

Biomaterials or Academic 

Lock-In is Not Necessarily 

Affecting Business Behavior”. 

With co-word analysis metrics 

in the publication to patent 

analysis (PPA) model, the aim 

is to detect science & 

technology frontiers (i.e. 

biochemicals, biomaterials and 

biofuels) in order to analyse 

scientific and technological 

trends in a potentially huge 

sector. 

Is there a lock-in of 

science & technology 

frontiers in old forest-

industry nations? 

 

 

S&T frontiers expressed by 

publication clusters and patent 

sister clusters 

Paper 2: Novotny, M. & 

Laestadius, S. 2014. “Beyond 

papermaking: technology and 

market shifts for wood-based 

biomass. Implications for 

large scale industries“. 

Technological Analysis & 

Strategic Management. Vol 

26 (8), 875-891. 

To analyse conditions for 

industrial transformation of a 

large-scale process industry and 

to identify insights on industrial 

transformation and lock-in of 

technology in 

mainstream/incumbent PPIs. 

On technology shifts and 

technological regimes. Is 

it possible to escape the 

lock-in for an old 

“regime”? 

 

The focus is on the 

transformation that takes place at 

industrial (product portfolio), 

technological (pulping 

technologies), and cognitive (i.e. 

via research communities) levels 

Paper 3: Nuur, C., Novotny, 

M. and Laestadius, S. 2012 
“Return of the Periphery? 

Globalisation, Climate 

Change and the Options for 

Forest Rich Regions”, 

International Journal of 

Environmental Science and 

Development. Vol.3(3): 246-

251 

To analyse conditions for an 

industrial renewal of forest-rich, 

peripheral regions in old 

industrialised nations 

Can the scramble for 

biomass resources revive 

the industrial dynamism 

in these regions? 

 

 

 

Peripheral regions close to raw 

material and industry base. 

 

 

 

 

 

 

 

Industry networks and local 

institutions pooling resources as 

a response to a large shift in old 

industrialized nations (new end-

uses for slow-growing 

coniferous species) 

Paper 4: Novotny, M. and C. 

Nuur, 2013. “The 

transformation of pulp and 

paper industries: the role of 

local networks and 

institutions”, International 

Journal of Innovation and 

Regional Development, vol 5 

(1), 41-57. 

To illustrate how a network of 

local agents in a peripheral 

region in Sweden pooled 

resources and succeeded in 

transforming a paper pulp plant 

into a wood-based biorefinery. 

Industrial transformation 

does not occur in 

solitude, but contains 

processes that are 

constrained by local 

institutions and related 

agents. What key 

dynamics and 

institutional assets in the 

local innovation system 

have been crucial in this 

transformation? 

 

Paper 5: Novotny, M. 2016, 

Technological Transformation 

& Diverging Innovations in 

Process Industries – the case 

of a biorefining development 

block, in Blomkvist, P. and 

Johansson, P. eds. 2016. 

Perspectives on Industrial 

Dynamics (working title), 

forthcoming, SID/INDEK/ 

KTH, TRITA IEO-R 2016:08 

  

 Using and developing the 

toolbox from Dahmén’s 

structural analyses on 

transformations as well as 

established analytical tools from 

innovation management theory, 

the double aim is to increase the 

understanding of transformation 

and innovation processes in 

process industries in general, 

and the pulp and paper-related 

industries in particular, and to 

develop a toolbox for the 

analysis of innovations in 

process industry systems.  

 The concept of 

“diverging innovation” 

is introduced into the 

established toolbox of 

innovation analyses. It is 

argued that this concept 

is useful for the analysis 

of process industries. 

The main argument is 

that understanding the 

nature of innovation in 

process industries has 

profound policy and 

management 

implications. 

 

The nature of innovation and 

transformation of PPIs. 
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1.2 Research approach – industrial dynamics 

This thesis falls within the research fields of innovation studies and industrial dynamics 

and is based on the Schumpeterian approach to the mechanisms behind industrial and 

technological transformations. According to this literature, innovations and knowledge 

base differentiation are the enablers of technical and industrial transformations, which 

are mainly illustrated by mechanisms where new products, technologies, and firms 

replace or integrate the new with the old through the process of creative destruction 

(Schumpeter, 1934).  

One of the main originators of the field of industrial dynamics (ID), Bo Carlsson, 

recently reviewed approximately 8,000 journal articles published from 1990 to 2009 

that were specifically related to the academic field of ID (Carlsson, 2016). These were 

sorted under five broad themes: 1) causes of industrial development and economic 

growth; 2) economic activity in the firm; 3) firm boundaries and interdependence; 4) 

technological change and its institutions; and 5) the role of public policy. This 

dissertation is mainly focused on research topics within themes 1 and 4. To each of these 

themes, further subfields were added by Carlsson. 

Theme 1 contains several subfields and topics, including a) dynamics and evolution of 

industries, b) entry, exit, and entrepreneurship of incumbents and new entrants, c) 

institutional and regional issues behind industrial development, and d) modeling of 

industrial development. Subfields a, b, and c contain several elements that can be found 

in the individual papers of this dissertation. Theme 4 in Carlsson’s positioning of ID, 

‘Technological change and its institutions’, includes the subfields of a) technological 

paradigms/regimes and their path-dependency, technological trajectories, and 

discontinuities, b) sources of innovation in terms of diversity of users, networks, public 

science, and universities, and c) innovation system/industrial clusters, and these address 

similar investigation areas as my research project and are seen in most of the individual 

papers.  

The main literature stream of innovation and technology analyses in the late 20th century 

(Dosi 1982, Nelson & Winter 1982, Utterback 1994; Tushman & Anderson 1997, 

Christensen 2000) supports the hypothesis of inertia in mature industries (Utterback, 

1994) and their incumbents (Christensen, 2000; Tushman & Anderson, 1997) and how 

mature industries and engineering communities rooted in old technological paradigms 

approach paradigm and large technological shifts (Dosi 1982; Nelson 1994; Constant, 

1980; Laestadius 2000; Fleck, 1936). However, few studies do tell a different story of 

incumbents overcoming lock-in and inertia, and in a very few cases – if any – this comes 

from a perspective of process industries where the assumption of continuous process 

integration seems to be the sole academic contribution to the scenario of technological 

development (Utterback, 1994).  
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1.3 The empirical field 

A traditional definition of the wood-based industry sector would include at least three 

subfields: 1) solid wood product manufacturing consisting of structural panels such as 

millwork and manufactured wood products, 2) the area of pulp and paper manufacturing 

that produces a wide range of products covering everything from newsprint and 

household tissues to paperboard packaging materials, and 3) energy (steam, heat, and 

power) generated from wood and wood residues through combustion of some sort 

(thermochemical, hydrolysis, or gasification technologies). Although the subjects of this 

dissertation are mainly depicted as large-scale pulp and paper companies located in old 

industrialized nations of the Northern hemisphere endowed with taiga forests, the unit 

of analysis – the technological system – includes agents and sets of technologies beyond 

papermaking. The definition includes the processing of renewable wood that is 

converted and/or extracted into bioproducts, e.g. steam, electricity, solid/liquid/gaseous 

fuels, chemicals, and materials (Kamm et al, 2010). In the individual papers of this 

thesis, terms such as “large-scale”, “woody biomass industries”, “pulp and paper”, and 

“forest industry” characterize the empirical incumbents that this dissertation analyzes in 

papers 2, 3, 4, and 5. In paper 1, the focus is rather on the development of knowledge, 

science, and technology, and the unit of analysis includes knowledge and technology 

frontiers of biomass in general and biorefining frontiers in particular.   

Pulping technologies are represented by mechanical and chemical pulping, cf. paper 2 

and 5 for thoroughly descriptions. There are also a number of biological wood-based 

pulping technologies represented in paper 1 within the “fractionation” cluster 10, e.g. 

organosolv pulping (a multi-product biorefinery), today developed by the Canadian 

company Lignol, still however on very modest quantitative levels (large pilot/small 

demo scales), and other potential technologies of new entrants. Soda pulping is the 

oldest chemical pulping technology still existing on industrial scale (established in a few 

third world countries, while phased out in modern economies). Soda pulping has some 

potential for cellulosic ethanol production, but is not considered competitive based on 

slow growing soft wood species. Recent research of this technology has resulted in 

interesting ethanol yields based on aspen trees fractionated by sodium hydroxide in 

adjusted kraft pulping recovery lines – possible to integrate with Chemrec- and perhaps 

with LignoBoost– both black liquor conversion technologies (Nyman, 2016). However, 

to separate cellulose fibers and fractionate softwood species into ethanol in the Northern 

hemisphere is with today’s (or even yesterdays) oil prices not a feasible technology. 
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2 Research process: mixed methods as the research strategy 

Research questions guide the implementation of data collection and the analysis and 

explanation of the data, and thus these questions strongly influence the method that is 

most fitting. When approaching the initial phase of this dissertation project, the main 

research questions were trying to find out how, in particular, Swedish incumbents in 

PPIs were managing a transformation under certain conditions beyond their usual core 

capabilities – i.e. launching new products and pathways beyond the papermaking 

paradigm under industry conditions that were characterized by extraordinary 

transformation pressures. The dissertation is dominated by the case study approach, 

which is appropriate for answering the how, why, and when questions and is suitable 

for explanatory in-depth studies of contextual phenomena. Linked to interpretivism and 

hermeneutics, a case study approach should be open-ended (Verschuren, 2003) and 

should seek not just to explore a certain phenomenon, but also to serve as a tool to 

comprehend the phenomenon in its particular context (Yin, 2003). 

 

In order to obtain insights into the specific industry and its technologies – and to set up 

the right research questions – in-depth case studies were conducted during the first years 

of the research project. Visits to Nordic and North American companies that expressed 

changes in their business orientation (and thus explicitly or implicitly including 

technological changes and diversification) were part of this research strategy. Moreover, 

one of the goals of the dissertation project, which was funded by the L.E. Lundberg 

Foundation, was to study science and technology frontiers of biomass technologies 

globally and to understand where the technology frontiers are located and to analyze the 

performance of old industrialized nations – within forest/PPIs – in this particular regard.  

 

The hermeneutical insights into the system of biomass technologies in general and the 

woody biomass industries in particular were gained by using the case-study approach, 

which formed the basis for the quantitative bibliometric methods in paper 1. The field 

work has been carried out in the Västernorrland, Gävleborg, and Norrbotten regions in 

Northern Sweden, in the Värmland region in central Sweden, in Norway, in Finland, 

and in North America by visiting mills, utility plants, R&D centers, universities, and 

conferences during 2005–2012. These case studies were important sources in terms of 

obtaining insights into the technologies of papermaking and different pulping processes, 

into industry structures, and into how the industry tackles innovation and R&D 

strategies. My previous experience as editor-in-chief for a Nordic pulp and paper 

magazine between 2005 and 2009 gave extra “network and insight inputs” and provided 

easy access to the case study approach adopted in the early phase of the PhD candidate 

project, although the definite decision to undertake the role of PhD candidate was only 

made in 2009. The time frame of the investigations in all papers is predominantly 

connected to the period from late 1990s until recently (early 10s in paper 1-4). However, 

the descriptions of the technological system of PPI/biorefining, in particular references 

to pulping technologies, often include much older secondary observations and 
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references due to the in many ways matured process technologies of the technological 

system.  

 

The epistemology of quantitative methods follows a different tradition in terms of 

philosophy of science. Data are collected from independent sources (databases), and the 

data collection follows strict methodological steps to ensure reliability. The 

methodological steps in paper 1 are to a large extent reproducible. However, to some 

extent industry insights and an understanding of the key words and the technology 

frontiers (clusters) that grounded the “bibliometric” collection of publications and 

patents are not necessarily reproducible because the author’s experience and knowledge 

gathered from previous data collections and the large number of mill, conference, and 

case study visits (for the other papers in this dissertation) certainly influenced the 

intermediate cluster selections and the outcomes of the quantitative paper (paper 1). 

Insights from mill visits, conferences, and the biorefinery engineering literature assisted 

in the design of search words to insert into the bibliometric and machine learning 

techniques. The database for this search was obtained by balancing the selection of 

academic journals – most commonly journals with ‘biorefinery’ or ‘biorefining’ as key 

words – sorted by the three major components of biorefinery generation, including 

products and processes of biofuels, biochemicals, and biomaterials. 

 

The technological system (TS) is the main unit of analysis of this dissertation as a whole, 

and thus agents, networks, and institutions that enable and/or hinder new products, 

processes, and capabilities fill the TS with content (TS defined more thoroughly in 

section 3.2). However, in individual papers, the TS is for several reasons only partly or 

not even the primary unit of analysis. First of all, it is hard to cover all aspects of the TS 

within a single, peer-reviewed journal article of about 7,000 words. Secondly, TS is used 

as an analytical construct and as such works as a model for explaining structures and 

dynamics, but it does not necessarily exist in the mindset of industrial agents. In this 

dissertation, the agents and networks are to a large extent empirically observed, and 

many are even empirically interconnected (see papers 2 and 4). However, the 

descriptions of systems in each single paper are rarely exhaustive, and not all key 

processes of transformation phases are in place when the empirical focus is on the early 

stages or, at best, on the middle stages of transformation. In addition, agents in the 

system are not necessarily aware of the finality of the system and their own share in it. 

Depending on the system boundaries, a system could also be a part of several other 

“sectorial” systems (in particular up-stream machine and pulp suppliers or down-stream 

textile and chemical companies in a value chain/network). In paper 1, the unit of analysis 

is the subset of scientific knowledge and technologies produced by nations as expressed 

by some of the most common indicators (but these are by no means the only indicators 

in technology development).  

 

Although TS, or the development block, is the main theoretical framework as will be 

discussed below, there are additional units of analysis in the papers due to different aims, 

research focus, and methodologies. Papers 2 and 5 concern the TS or development block 
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as a main unit. Papers 3 and 4 have local and regional boundaries because industries and 

woody raw materials are produced and extracted in the periphery, which in turn poses 

specific questions on industrial transformation and local institutions. Examples of 

supportive and enabling local institutions are particularly emphasized in paper 4, and 

forestry and forest harvesting, which are important building blocks of industry 

conditions in the periphery, are included in paper 3.  

 

Different from the other papers, paper 1 aims at answering research questions that detect 

and analyze early stages of technological transformation, the so-called biorefinery S&T 

(Science & Technology) frontiers. Consequently, quantitative methods such as 

bibliometric approaches are more suitable for detecting and clustering S&T frontiers. It 

is argued here that bibliometric and technometric studies of specific fields are the 

quantitative way of detecting formal R&D bodies – a pattern that is traceable in terms 

of networks and knowledge linkages – and are a way to measure central S&T indicators 

(research and patent output). The quantitative methods that were used in paper 1 are also 

appropriate for answering the who and where questions of this dissertation. 

 

2.1 Case studies & quantitative methods 

A case study is a research strategy that consists of several different methods, techniques, 

and procedures to collect and analyze primary data, and it accounts for how the 

researcher interprets reality and designs the research (Verschuren, 2003). 

The case study approach, as adopted in papers 2 and 4, was chosen for several reasons. 

First, there has been a change in the market direction of Domsjö and Södra – the largest 

pulp producers of sulfite and kraft, respectively – and Holmen (paper 2), which is one 

of the largest European companies for printing paper production. Printed media 

(newsprint and publication papers) in turn is one of the largest paper industry segments 

that has seen the most noticeable decline in demand in the twenty-first century. The 

research approach here was qualitative and interpretative and consisted primarily of 

semi-structured interviews with production, marketing, R&D, and board management 

staff of selected pulp and paper companies and R&D managers in Sweden, Canada and 

the US, and 24 in-depth interviews of one to two hours each took place which were 

transcribed in papers 2 and 4. By choosing these individuals, we obtained first-hand 

information from the technology frontier and innovations regarding the biorefinery 

field. Based on approximately 30 visits to mills and informal discussions at conferences 

between 2005 and 2012, the interview data were sorted according to the main issues – 

broadening of the product portfolio, that is, whether the company had innovated and 

developed new products in their portfolio or not; investments in new technologies; 

relations/involvement with R&D communities; etc. Visits between 2005 and 2009 were 

not actually conducted in relation to the research questions of this particular dissertation, 

but they still contributed to insights on emerging R&D programs and new technological 
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and industrial fields not connected to ordinary papermaking activities (Larsson 2005; 

Novotny 2007). 

These interviews provided insights into technologies and product segments as well as to 

the beliefs and expectations of managers in the industry. Managers were asked about 

new product fields, core businesses, industrial investments, R&D, and top/middle 

management/engineering recruitment over the last decade. Many interpretations have 

been made in order to capture the transformation of the Nordic PPI, and these have been 

analyzed in terms of general similarities and differences. Key management implications 

could thus be drawn.  

Case-study approaches have the benefit of a limited set of observations that might 

capture a large number of aspects with regards to the studied case and might provide 

insights into technological black boxes and causal mechanisms (Yin 1994). For 

example, the description of technologies in papers 1 and 5 and the cases in papers 2 and 

4 could be seen as steps towards the study of aspects that remain hidden in highly 

aggregated analyses. Furthermore, industry data as well as secondary sources (annual 

reports, industry magazines, etc.) were important in order to gain insights into the 

transformation processes of the case studies that hitherto have been more visible on the 

R&D level than in production or sales data. The PPI has undergone strong co-evolution 

(cf. Nelson 1994) between process and product innovations as well as between the firms 

that are using and producing the technologies that are involved in the industry. There 

are basically three mainstream pulping technologies, which in different ways strongly 

influence the possible product portfolio for papermaking (Biermann 1996). This made 

it feasible to apply a unit-of-analysis approach on the technological systems level 

(Carlsson 1995) rather than a strict firm approach.  

As mentioned, paper 1 was based on quantitative data. It primarily used the Thomson 

Reuters Web of Science and the Derwent Innovation Index databases that include 

publications and patents as globally accessible indicators and proxies of future science 

and technology trends. In order to understand the concept of emerging technologies, it 

might be fruitful to link these indices to the concept of innovation and to the distinctions 

between incremental and disruptive innovations. While incremental innovations stay 

within the same technological trajectory and regime, disruptive innovations occur when 

new technologies, outside the mainstream, displace large parts of the incumbent 

technology, and such technologies frequently involve changes in industrial leadership 

through new and pioneering firms (Christensen 2000).  

The S&T frontiers referred to in paper 1 contain similarities to the concept of emerging 

technologies. However, there is a clear distinction between the two. A S&T frontier is 

not necessarily a completely new and emerging field, and it might have developed 

decades ago and developed more or less gradually and never really lost its relevance due 

to more or less strong relations to vital research and engineering communities. Still, a 

S&T frontier might exhibit most of the characteristics of an emerging technology, e.g. 

having high expectations of being capable of overturning or replacing existing 
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mainstream technological solutions and having strong trends of increasing volume of 

research and development efforts (Toivanen & Novotny, 2016). It might be argued that 

these S&T frontiers constitute the early R&D phases of the transformation of a 

technological system (Hughes, 1983).  

3 Theoretical starting points and central concepts 

This section sets the theoretical points of departure and the central concepts of this 

dissertation. It deals with concepts that position the issues discussed in the papers 

included in the dissertation, although not always plainly dealt with in all of them. The 

view on capability and technology, the main enablers of industrial change, is discussed 

followed by central concepts for industrial and technological transformations, including 

development blocks and the specific context of the technological transformation of 

process industries. 

 

3.1 View on knowledge bases and technology  

The role of artifacts was central to the historian Basalla (1988) and his evolutionary 

theory of technology and technological change as “novelty of material culture”. 

However, this dissertation applies a broader definition of technology. Technology and 

technological change are here closer to the definitions of Giovanni Dosi (1982) and Erik 

Dahmén (1988). To them – and especially to Dosi – the artifacts are also central to 

technology, especially in large-scale process industries. Yet, technology and 

technological progress are much more than the evolution of artifacts or moving of the 

production possibility frontier (as seen in orthodox microeconomics). The perspective 

here on technology is that it is to be seen as a set of different forms of knowledge, both 

analytical and more codified (science-based) and synthetic (engineering based) and both 

as production methods and as implicit, technical know-how (Laestadius 1998; Asheim 

2005).    

Existing artifacts represent the achievements of the evolution of a technology in a 

defined problem-solving activity. At the same time, a disembodied part of technology 

consists of a particular expertise within individuals and organizations and as experience 

of past attempts and past solutions together with the knowledge and achievements of the 

state of the art (Dosi, 1982, p 152). 

The technological paradigm of pulp and paper can be considered to be one of those 

paradigms that are characterized by cognitive inertia. Industries differ in the 

technologies they use, and they depend on diverse knowledge bases for capability and 

knowledge formation. Asheim (2005) and Laestadius (1998) mentioned synthetic 

knowledge bases, which combine technological capabilities, i.e. engineering skills, with 
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other knowledge elements. These kinds of knowledge and technology formations have 

been claimed to dominate in most traditional manufacturing and correspondingly mature 

process industries (Pavitt 1984; Laestadius 1998; Asheim, 2005)  

Dosi (1988) described how differences in innovation performance in different industries 

are commonly explained by innovation rates, demand structures, and the nature and 

strength of opportunities for technological progress. However, the literature on 

innovation systems suggests that research should be more focused on what is going on 

in the system, i.e. studying key mechanisms or functions of transformation, and it 

considers the innovation system approach to be too structuralist and descriptive of 

components in the system, e.g. its institutions, agents, and structures (Jacobsson, 2008; 

Bergek 2008; Hekkert, 2007).  

An organization’s technology sourcing consists of pursuing exploration and exploitation 

strategies through combinations of internal and external sources of knowledge 

(Rothaermel and Alexandre, 2009). When facing rapid technological change over time, 

there is generally an urge for R&D activities to set up technology sourcing and to try 

out new combinations of knowledge rather than start over from scratch and do it “in-

house” (Peterson, 2011; Fabrizio, 2009). It might be argued that uncertainties connected 

to rapid technological progress, such as introducing biomass technologies to replace 

established fossil fuel-based solutions, give incentives for combining knowledge bases 

(science bases as well as engineering fields) in these processes of technology sourcing. 

This means that setting up technology and knowledge exploration, as well as 

exploitation outside the usual platform and trajectories, becomes important (Fabrizio 

2009; Rothaermel and Alexandre, 2009). Both R&D intensity and patents are argued to 

increase with the degree of technological diversification of the company and thus to 

influence innovative activity in companies (Carlsson, 2016). 

 

3.2 Technological systems, development blocks, and mechanisms for 

transformation  

The concepts used in this dissertation basically take into account mechanisms outside 

the single firm and try to illuminate mechanisms of complementary industries and 

technologies that enable technological transformations or chains of related technologies 

(Dahmén, 1950; Dosi, 1988). The industrial and technological structures at the system 

level thus become relevant. In this dissertation, the system unit of analysis is expressed 

mainly as a technological system (see section 2.1) or as a development block of biomass-

related technologies. The similarities between these two frameworks are far greater than 

the differences. The TS approach is characterized by the way one manages and relates 

to knowledge bases, processes of technological development, and the environment 

where multiple agents, networks, and institutions are involved, (Carlsson, 1995). A 

single organization or firm is too limited to use as a unit of analysis. While a TS 

approach primarily emphasizes the technology and institutional levels, the Swedish 
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economist Dahmén more closely investigated the importance of the industry level (the 

development block as sequential complementarities of production and distribution 

blocks), including perspectives of the industrialists and entrepreneurs and how they act 

or react to the structural tensions of necessities or opportunities. This brings Dahmén 

closer to Thomas Hughes (1983/1992) and his perspective on system building. The 

family resemblance with Hughes is also present in ex-post discussions that are strikingly 

similar to Hughes’ concepts of “salient” and “reverse-salient”. Hughes had a stronger 

engineering focus on cognitive aspects and the nature of innovation processes compared 

to Dahmén’s more economic view on “ex-post” drivers of transformation (Fridlund, 

1998). 

Erik Dahmén (1950; 1970; 1988) pointed out that industrial and technological 

transformation usually takes place in the tensions and imbalances that occur between 

the inter-related agents and industries of a so-called development block. These actors 

can be identified as the set of firms and technologies that are complementary in the 

transformation of an industrial/technological system. Complementarities of these sets of 

agents and technologies often generate structural tensions of mainly two types: those 

generated by necessities and those generated by opportunities. This is, following 

Dahmén, the engine that creates the dynamics of the Schumpeterian innovation process.  

As mentioned above, transformation is driven by the two meta-features of opportunities 

and necessities (Dahmén, 1988; Novotny and Laestadius, 2014). A necessity feature has 

to do with a threat to survival or a sudden decline of product/market and subsequent 

diminished profitability, whereas an opportunity feature is commonly linked to a new 

market opportunity and increased profitability. It is generally a combination of the two 

factors that drives transformation, but specific cases might show characteristics of being 

principally driven by one or the other. Erik Dahmén (1988) claimed that opportunities 

normally foster better foundations for transformation than do necessities. 

Dahmén (1988) presented numerous concepts that are relevant when analyzing 

industrial transformations. Closely related to how opportunities and necessities drive 

transformation is the concept of complementarities, which refers to how industries and 

technologies support and involve each other in order to enable or hinder transformation.  

The development block approach is not only used for analyses of technological 

transformation; it also works as a management tool. Dahmén, who for a long time had 

been an influential advisor of the largest Swedish financial group of the second half of 

the 20th century (Eklund, 2010; Laestadius, 2016), introduced the so-called ex ante 

concept to industrial management (Dahmén, 1988). In particular, he introduced this 

concept to managers who were interested in identifying or building industrial 

development blocks and who could proactively contribute to their growth via investment 

efforts. The ex post concept of Dahmén connected to management reactions based on 

foresights of price signals that reflected upcoming imbalances and contributed to solving 
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bottleneck issues, i.e. it filled the gaps in development blocks (Fridlund 1998; 

Laestadius 2016).   

The inter-industrial and complementary vertical linkages are similar to Lundvall’s 

(1992) user-producer innovations. An implication of the interdependences of producers 

and users in industrial transformation and structural change is that the capabilities of 

users are as important as those of producers (Andersen 2011). Robertson et al (2003) 

suggest looking at industries as either recipient or enabling industries in order to better 

understand vertical linkages in the framework of industrial and technological 

transformation. Companies belong to an enabling industry if they introduce new 

technologies and are characterized by high growth. New technologies are predominantly 

used both within the enabling industry and exported to other industries (e.g. automation 

control/nanotechnologies). Recipient industries on the other hand are large, traditional 

industries that are generally characterized by low growth, and these are referred to as 

incumbents in the literature and throughout this thesis. Enablers are generating new, 

often general-purpose technologies that – when successful – integrate with other 

industries. Incumbents, on the other hand, are crucial for the demand and the 

introduction of the general-purpose technologies on a larger scale (Andersen 2011, 

Smith 2005). 

Vertical linkages between industries can occur when there are commonly used 

infrastructures, institutions, and capabilities. The linkages are not necessarily measured 

as the quantity of linkages, which would indicate matureness, but instead are measured 

in terms of quality, and they often emerge via sparks of innovations that are seldom 

detected in quantitative input-output models. Innovation in an industry (e.g. an enabling 

industry) might in this case generate a chain reaction up the vertical chain of the 

incumbent and to horizontal transfer of influence among intra-industry competitors 

(Andersen, 2011). 

In the framework of technological systems and development blocks, technological 

accumulation and new combinations of knowledge are the underlying causal 

mechanisms of transformation – both as sources of and response to transformation. 

Understanding that knowledge is a key enabler in the dynamics of industrial 

transformation and structural change moves the focus from user-producer relations of 

industrial products (between firms) to relations between users and producers of 

knowledge in the system – i.e. firms and universities/research institutes (Andersen 

2011). The focus on cognitive aspects and relations of the TS approach also include 

“non-innovative” (sub)systems and sets of technologies that cause inertia and path-

dependency.  

Knowledge and technology frontiers are formed by leading communities and networks 

of R&D organizations (universities, firms, and research institutes), agents of venture 

capital, networks, and institutions that foster knowledge creation, its transfer, and its 
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exploitation in a technological system. Because the focus of this dissertation is on 

industrial transformation mechanisms with a case-study approach, technology and 

product portfolio shifts are highlighted as well as the research communities that are 

connected to representative firms’ responses to change over time (roughly the last two 

decades), that is, the production and R&D networks of the TS. The case studies and 

technological communities might reflect emerging and established agents at the TS level 

and underscore the shifts within TS and as such indicate potential changes in trajectories 

(Papachristos 2011).  

Another distinction emerging from the discussion above is the different kinds of 

knowledge bases as underlying mechanisms of industrial and technological 

transformations (Asheim, 2005). A global environment distinguished by increasing 

technological complexity and pace puts transformative pressure on firms and industries 

to adapt and relate to several nodes and knowledge bases in order to innovate and 

upgrade technologies. The concept of an analytical knowledge base is related to 

industrial activities where scientific and codified knowledge are crucial (e.g. 

pharmaceutics and biotechnology), and both basic and applied research are fundamental 

for the development of completely new products and processes (Laestadius 1998; 

Asheim, 2005). Companies have their own R&D units, but they are very much 

dependent on external sources of basic and applied research for absorbing new 

capabilities that are useful for innovating their activities. Linkages and networks 

between universities/research institutes and companies thus occur frequently. 

The other kind of knowledge base, synthetic knowledge, is related to industrial 

environments where innovations tend to occur through a combination of existing, 

engineering skills and technologies or through combinations of new knowledge. 

Synthetic knowledge is a phenomenon that mostly works as a reaction to a problem-

solving situation in a user–producer relation or to an established value-chain in specific 

industries and engineering capabilities. Synthetic knowledge encompasses a tacit nature, 

and R&D is, if it is linked to universities, rarely basic research oriented, but rather occurs 

in the form of product development and applied research. Knowledge of this kind is to 

a larger extent a result of experience from engineering and problem solving and consists 

of concrete know-how and practices. The innovation process is oriented to result in 

efficient, reliable, new solutions or user-friendly products for customers. Innovations 

are therefore more incremental in order to improve existing products and processes, and 

they occur in established firms, networks, and industries (Laestadius 1998; Asheim 

2005). 

The different kinds of knowledge and their related activities can be analytically 

connected to the setup of (predominantly) enabling and incumbent industries as well as 

to where these knowledge bases are located. Depending on the capabilities of firms and 

industries, it is possible to find attributes of both knowledge bases. However, incumbent 

industries are generally more oriented towards the synthetic knowledge category while 

enabling industries have a higher share of the analytical, science-based category inherent 
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in their activities. The extremes of the two knowledge bases are traceable in scientific 

parks (located at university campuses) in the analytical case, and in industrial clusters 

of traditional small and medium-sized clusters in the latter (Storper & Salais 1997; 

Asheim & Coenen, 2005; Coenen, 2006). In between – and in most cases of modern 

economies – one finds industry clusters or innovations systems with networks of 

companies with higher/lower shares of the synthetic or analytical knowledge bases 

depending on the characteristics of their innovative activities, technologies, and agents 

– e.g. universities, research organizations, and incumbent and/or enabling industrial 

companies – and their institutional settings – e.g. policy tools that support incumbents 

or enabling (new) industries, administrative, or functional regions to different degrees 

(Cooke, 1998; Asheim, 2005, Asheim & Coenen, 2005)  

 

4 Discussion of the findings 

This section starts with an overview of which papers address the three research 

questions. The following section (4.1) includes discussions on the findings for each 

research question. Although each paper of course contains findings that are directly 

linked to the focus of each individual paper, these five papers also have common 

concerns that link the papers (Table 2).   

Table 2. Overview of which papers address the three research questions. 

Research question Paper 

1 

Paper 

2 

Paper 

3 

Paper 

4 

Paper 

5 

 

RQ1: Where are the knowledge and technology 

frontiers developing in this transformation?   

X  X  X   

 

RQ2: How are incumbents in the PPI managing 

large market and technology shifts based on 

existing capabilities and knowledge bases? 

 X     X  

 

RQ3: What are the key mechanisms behind the 

transformation of the PPI from a process industry 

perspective? 

 X  X  X  
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4.1 Development of knowledge and technology frontiers (RQ1) 

According to the definition in theoretical section 3.1, knowledge and technology have 

different properties and knowledge bases that can influence the location and conditions 

for transformation (innovation) processes. The major distinction is between analytical 

and synthetic knowledge bases, and it has been shown that analytical knowledge bases 

are connected to industrial environments that are characterized by science-based 

knowledge and that synthetic knowledge bases are characterized by engineering 

knowledge with different degrees of codified/tacit knowledge, skills, organizations, and 

institutions (Laestadius, 1998; Asheim 2005). The extremes of the two are seen in 

scientific parks (centers of innovation located in university campus) in the former case 

and in bottom-up-designed industrial districts of traditional small and medium sized 

“handcraft” firms in the latter (Asheim, 2005; Storper 1997). In the “analytic” extreme, 

new scientific knowledge is connected to a more dirigistic, top-down, linear view on 

(radical) science-based innovation. In between the extremes, there are nuances of 

network-based regional innovation system models that contain companies and networks 

with a mix of synthetic and analytical knowledge that are connected to more or less 

formal alliances of university and research-intensive organizations, which have been 

referred to as Triple-Helix and eco-systems of innovation (Etzkowitz & Leydesdorff 

2000, Iansiti & Levien, 2004; Asheim 2005; Asheim & Coenen, 2005) 

Over the last decade, the shrinking demand for core business products has been on the 

strategic agenda for large incumbent companies producing graphic papers in old forest-

based industrialized nations (Pätäri, Kyläheiko, Sandström, 2011; Hylander, 2009; 

Novotny & Laestadius, 2014). A sharp market decline for graphic papers in the 2000s, 

and shutdowns of machines for printed media that to a large extent are based on 

mechanical pulping technologies led to the question of what kinds of wood-based 

activities could replace the old ones. When the research grant application for this 

dissertation project was submitted to the L.E. Lundberg Foundation, it had already been 

decided that the focus of the work would be on determining where the knowledge and 

technology frontiers were located. A point of departure for this decision was the 

underlying assumption that there was a need for a shift from one dominating product – 

i.e. paper – to “multi-product” strategies beyond papermaking and that this potential 

would lead to new business models for forest-based industries (mainly PPIs) and thus 

generate increased interest for patents and for more explicitly explorative strategies in 

contrast to the historical disinterest in this regard (Pavitt, 1984; Laestadius, 1998; Pätäri, 

Kyläheiko, Sandström, 2011). Knowledge and technology sourcing for new processes 

and products at the frontiers were searched for at conferences and in biomass-based 

(biorefinery and biochemical) engineering literature (see the definitions of S&T 

frontiers in the methodology chapter (2.1)).  

In paper 1, old forest industry and PPI nations such as the US, Canada, Finland, Sweden, 

Germany, Austria, and Japan held quite dominant positions in a majority of biorefinery 

frontiers in terms of absolute numbers of publications and patents. Research 

organizations (research institutes and universities) and to a lesser extent large companies 
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from the forest, energy, and chemical industries topped the academic publication lists 

(academic organizations were of course the leader in absolute numbers, but in terms of 

corporate presence in co-publications the forest industry and chemical industry 

organizations were prominent (Novotny & Sandström, 2013). However, when analyzing 

specialization patterns – inspired by Balassa’s revealed comparative advantage 

measures – old industrialized forest/PPI nations tended to specialize in forest-based and 

rather slow-growing frontiers. There were few exceptions (especially North American 

countries), but the forest industry R&D power houses of Sweden, Germany, Austria, 

and Finland were inclined to stay closer to the research trajectories of their raw material 

and knowledge base. In the analysis of related sister clusters of patents, which showed 

similar growth patterns as publication clusters, most of the old industrialized nations 

closed the gap to other nations included in paper 1 (mainly Asian Tiger economies and 

the BRICs). The patent activities have been dominated by large firms from old 

industrialized nations – particularly Japanese, North American, German, and a few 

Finnish firms – which indicates a higher degree of absorptive capacity and technology 

exploitation. The exceptions in this regard are primarily Chinese research and state-

owned organizations.  

 

When including companies and their exploration for new knowledge, the results indicate 

that PPIs from the Northern hemisphere (North America, Sweden, and Finland) are 

heading several biorefining science frontiers in terms of publications (analytical 

knowledge). In papers 4 and 5, the results stressed that organic chemistry and alternative 

wood-based technologies such as sulfite and kraft and chemical pulping have long been 

part of the research units (e.g. Swedish STFI/Innventia, Finnish VTT, Canadian 

FPInnovation, and Swedish MoRe Research, the former MoDo R&D unit, which is the 

case study in paper 4). The presence of these R&D organizations and forest industry 

incumbents in S&T frontiers, where wood-based pulping, biorefinery, and separation 

technologies excel, suggests that these frontiers were established long before 2002 and 

demonstrate growth patterns starting from a higher level than fast-growing frontiers 

based on alternative feedstock (algae, agricultural residues, chitosan, etc.) that are 

starting from a low level. 

With the exception of two frontiers – the biochemical/ethanol frontier and the 

nanofiber/microfibrillar cellulose frontier, clusters 6 and 18 – the most patent-intensive 

forest industry companies do not have their patent portfolio in the fastest growing 

technology frontiers (see table 9 and appendix V in paper 1). The relatively short time 

horizon (ten years) makes it difficult to analyse the dynamics of each science (S1–S18) 

and technology frontier (T1–T18). In particular, the biofuels frontier has grown faster 

than most wood fiber-based frontiers year 2005 when publications took off and from 

2006 when patents took off (with a 20-25% annual progression until 2010 – see 

appendix VI in paper 1). The Nordic PPI has made significant investments in biofuels 

R&D since the oil crisis in the 1970s, and it developed several technologies and patents 

in the 1980s and 1990s (technologies related to biomass gasification and ethanol from 
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pulp mills, etc.) in North America and Northern Europe. However, the main R&D 

efforts in the past decade have focused on high-end products and technologies, i.e. on 

exploiting cellulose fibers and lignin compounds, the two most abundant organic 

compounds on earth, for multiple applications. This might explain why this industry 

concentrates its explorative and exploitative efforts on wood-based fiber technologies 

for the extraction of these materials, and this coincides with the location of the raw 

materials (old industrialized nations – paper 1). 

 

Biorefineries – such as in Domsjö – are emerging in Scandinavia and have focused on 

developing bioproducts based on the properties of boreal forests. These resources in 

combination with rapidly growing new technologies such as textile pulps and emerging 

products based on lignin can contribute with advanced materials and solutions in a world 

moving away from fossil fuels and water-consuming and highly polluting cotton 

production. This emerging paradigm has some of the infrastructure (including raw 

materials, production facilities, and demonstration plants) already in place in peripheral 

regions – i.e. chemical pulp mills such as the one in Domsjö as well as multi-purpose 

technologies developed in demo and pilot plants that for decades have been used for 

pulp for papermaking and that now can be modified to serve new end-uses. These pilot 

and demo plants, where different agents from the development block can interact, are 

present at production sites at Domsjö (e.g. More Research) and Värö (Södra Cell). Demo 

plants can act as an interface between analytical and synthetic knowledge bases 

(scientific knowledge incorporated with engineering skills for industrial processes), and 

these processes can embrace several diverging technology platforms for wood 

compounds that are hard to upscale directly from scientific labs.  

 

4.2 Incumbents responding to technology and market shifts (RQ2) 

Production capacity has been reduced, and numerous paper mills have been shut down 

in old industrialised nations located in North America and the EU over the past decade. 

Sharp production declines and decreased export and employment have followed in 

Canada2, and in the EU the production of printed media has been halved between 2006–

2015. In Sweden – the largest exporter of printing papers in EU – seven paper machines 

with an annual capacity between 120,000 and 300,000 tons per year have been shut 

down since autumn 2012. This is equivalent to roughly 1.5 million tons of annual 

production capacity of newsprint/magazine, a third of Swedish production, and in 

Finland similar figures are traceable but over a longer time frame. These three “home 

bases”, and their plants for performing mechanical pulping and producing printing 

papers, are struggling to find new applications. This is particularly stressed in paper 2, 

where chemical and mechanical pulping technologies, formerly tightly coupled to the 

                                                           
2 As recently as September, 2004, 310,000 Canadians earned a living from logging, paper making, and the 

manufacture of wood products. A decade later, the industry employed only 190,000 people. Paper trail: The decline 

of Canada’s forest industry (http://www.theglobeandmail.com/report-on-business/economy/paper-trail-the-fall-of-
forestry/article21967746/)  

http://www.theglobeandmail.com/report-on-business/economy/paper-trail-the-fall-of-forestry/article21967746/
http://www.theglobeandmail.com/report-on-business/economy/paper-trail-the-fall-of-forestry/article21967746/
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papermaking development block, are splitting into several development blocks due to 

the tensions/imbalances and emerging vertical linkages to a number of industry sectors 

(e.g. the development blocks of the energy, textile, biomaterial, and chemical sectors). 

The myriad of diverging innovations of biomass streams and compounds, coupled to 

pulping and separation technologies, are further developed in paper 5. Paper 2 considers 

how representative PPI incumbents are managing the new industry conditions, here 

referred to as transformation pressures, from the perspective of existing technological 

platforms and combinations of mostly old knowledge bases, and it looks at whether they 

enter new pathways – and if so, how they do it – in order to escape the lock-in of 

traditional papermaking. This paper identifies a shift of the core technological systems 

of forest industries. Two different features of transformation pressures are described in 

the paper – those driven by necessities such as digital media and energy costs that have 

led to a sharp decline in printing papers – and those driven by opportunities, i.e. 

switching towards biorefinery markets.  

 

Separation technologies for refining wood and its compounds are turning into new 

potential pathways both technologically and market-wise. Organizations with paper-

making machines and mechanical pulping as their core technologies have for almost a 

decade been facing high energy costs and shrinking market shares. The diminishing 

importance of the paper machine for graphic and printing papers (by far the largest 

segment in paper industry) has led to deliberations on the capabilities of the pulping and 

biorefining field, and thus to deliberations on the vertical linkages to other industries 

with completely different applications and end uses but with similar transformation 

pressures (i.e. the need for sustainability in terms of renewable feedstock and input 

materials and cleaner production processes). The diverging nature of pulping 

technologies and innovations has opened up new development blocks of business 

models, agents, and networks. The organizations of the old regime of papermaking have 

accumulated and aligned the capabilities in mechanical pulping and papermaking. The 

most central capabilities of papermaking have been to run large machines faster and 

faster without production breaks and to reduce energy and resource utilization (e.g. 

electricity and surface weight of the paper web in terms of g/m2). When a large market 

and technology shift occurs and new capabilities replace the old organizations, most 

organizations run into difficulties because the whole organization has been structured 

around core capabilities in order to serve large, but rather few, core business and product 

segments (Tushman and Anderson, 1997; Laestadius, 1998).  

 

Although all seven of the paper machines that have recently been shut down in Sweden 

have been used in the printing paper segment, the most modern machines can still 

survive in markets that are characterized by austerity. Competition is fierce among 

Scandinavian firms making newsprint and graphic papers, which are worldwide leaders 

in such production. Norske Skog, one of leading newsprint producers that probably 

suffered the crisis the most in the EU, has shut down entire production sites (the Walsum 

and Follum mills), and Holmen Paper and Stora Enso have recently closed down 

medium-sized paper machines (with a production of 120,000–280,000 tons per year) in 
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Sweden and a couple of mills in Finland (Stora Enso Varkaus and Kotka mills, UPM 

Myllykoski and Voikka mills, Mondi Lohja). This is a sign that running the fastest, most 

modern paper machines (installed in the late 1990s and early 2000s) is a matter of 

running the cash cows until the end and then switching to paperboard production. The 

recent rebuild of two office paper machines to paperboard machines at the largest 

Swedish paper mill in Husum – with an investment of 150-200 million euros for 

converting one paper machine – and several similar rebuilds in Finland and Holland 

strengthens this view. 

 

Incumbents in PPIs are part of the process for sourcing new technologies (see paper 1 

and, to a certain extent, paper 5). In the second part of 20th century characterized by 

consolidation and maturity (Toivanen, 2012), companies from the PPI seldom possessed 

a large number of patents or developed advanced patent thicket strategies (Laestadius, 

2000; Pavitt, 1984). Part of this is due to the infrastructure of established pulping 

technologies with origins from the “old” technological regime (chemical pulping and 

mechanical pulping) and synthetic engineering skills where the “process is the product” 

(Storm, Lager, 2013; Pavitt 1984). Although transformed in chemical pulp mills – sulfite 

as well as kraft pulp mills – our case studies (particularly from paper 2 and 5) are, with 

a few exceptions such as nanocellulose technologies and new lignin-based technologies 

(e.g. LignoBoost), based on new combinations of more or less established technologies 

(e.g. textile pulp from sulfite at Domsjö and kraft pulping at Södra).  

 

The response of organizations in PPI to shifts in both technology and business models 

is also explained by the concept of diverging innovations of non-assembled products. A 

diverging innovation is partly a diversification of an industry from a forest industry 

perspective, and partly a diversification that may enter trajectories of several side-stream 

or by-product opportunities, a “cascade alike”, product-tree characteristic similar to the 

material transformation flow of their production systems. But it is also a phenomenon 

of synergies in a broader multi-sectorial perspective, i.e. new sets of related 

products/processes that are able to replace industries of non-assembled products under 

the new conditions related to digitalization (a decline in printed media) and sustainable 

solutions to mitigate the use of fossil fuels in other large-scale industries 

(construction/cement industries, energy and plastic industries, etc.). Moreover, in order 

to replace large-scale non-assembled fossil/petro-chemical products with uniform 

product characteristics there is often a need for upscaling of biomass-based substitutes 

holding the same chemical, molecular (e.g. carbohydrates such as bioethanol), or similar 

material composition/properties (e.g. cellulose-based plastics and (nano)cellulose 

fibers). These upscaling processes in development work (from labs, to pilot and demo 

plants, to real production plants) are usually the main “bottleneck” in process industries 

and most probably require more attention both in theory and in management, that is, 

both in terms of resources (new policy tools) and technology management (niche 

engineering of batch process technologies as an intermediate development stage 

between lab and full scale production) as stressed in paper 5.  
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4.3 Key mechanisms of the transformation from a process-industry perspective 

(RQ3)  

The key mechanisms of transformation from a process-industry perspective inevitably 

have to deal with the specific nature of change and of innovations in an industry that is 

strongly characterized by its production system. The production systems in process 

industries share similar traits (e.g. continuous, semi-continuous, and batch material flow 

processes) that contrast radically from other assembled manufacturing industries. The 

fact that production systems/processes are closely connected to product properties and 

specifications of manufactured products also strongly influences innovation activities in 

a process industry such as pulping. Development work is here often managed in 

laboratories or demonstration plants or directly in production plant environments that 

are far from the design studios of prototyping. In process industries such as PPIs, 

metallurgical and chemical industries, prototyping is not a significant development stage 

between the ideation and introduction stages, but instead is replaced by test runs in pilot 

labs, demonstrators, or fully industrialized test batches in order to verify process 

conditions. 

 

With few exceptions, innovation theory has had a focus on manufacturing industries that 

are characterized by assembled products. These theories at best could only describe the 

repercussions of transformation in process industries, and could not explain the nature 

of innovation in process industries. Process industries such as pulping, steel, copper, and 

most chemical industries all rely on separation and fractionation technologies with long 

production chains of non-assembled products/materials, which require uniform product 

characteristics and composition. For example, there are specific recipes or compositions 

of fibers, chemicals, and molecules in vessels, pipes, and tanks with specific capacities 

concerning size, temperature, pressure, etc., in the production chain that might change 

after a successful pilot run of a new product or when the upscaling of technologies 

results in longer production chains and larger subsystems (pipes, tanks, vessels, etc.). 

This, in turn, increases the risk of changing the production environment and, thus, the 

product characteristics. As mentioned above, this usually implies investments in 

demonstrators to guarantee that the same product characteristics, reactants, etc., found 

in the lab are also found in the industrial plant, i.e. there is a need to bridge the product 

development gap between an idea in the lab and its introduction to the market.  

 

Moreover, technological transformations in these industries have the overall 

characteristic of potential diverging innovations, i.e. they are intrinsically connected to 

the biorefinery technologies that per se might be defined as separation/extraction 

technologies of biomass compounds. As demonstrated in this dissertation, the diverging 

innovations of biomass compounds might replace or integrate with other material-based 

industries and act as substitutes for the steel, construction, chemical, textile, food 

industries, etc. (see papers 2, 4, and 5 in particular).  
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The conceptual toolbox of Dahmén (1970 and 1988) inspired the delineation of 

complementary, vertical linkages across industry borders and technologies in papers 2 

and 5 (including the identification of the biomass development block in terms of 

diversification, replacement, and/or synergies among industries). Although a diverging 

innovation might have its origin in an established pulping technology, the diverging 

nature might require exploration of new knowledge bases, resources, and technologies 

when new steps of divergence of non-assembled products are introduced. This process 

is exemplified by the introduction of new lignin products and nanocellulose, which may 

originate from chemical kraft pulping, which is itself an established subsystem of 

pulping technologies (see figure 1). Nanocellulose technologies are based on scientific, 

analytical knowledge bases that are introduced in and adapted to pulping environments 

via lab and pilot runs. 

 

A toolbox for the industrial transformation of process industries is outlined in paper 5, 

and this can be combined with the concept of diverging innovations in process 

industries, which similarly describe vertical linkages as well as the potential for 

synergies of non-assembled products at the meso-level. Such a toolbox is particularly 

useful in a period characterized by structural tensions at different levels – e.g. the 

breaking up of an integrated process industry due to the creation of multimedia and 

destruction of a large part of the integrated papermaking industry and the development 

of new biomass separation technologies to produce bioproducts that might be a part of 

climate change mitigation. These structural tensions alter industry conditions, in 

particular raw material, input material, and chemical supply conditions, to which closer 

attention is now being paid due to the greater incentives for pulping and separation 

technologies and for renewable raw material properties (e.g. the relative advantage of 

different biomass compounds, that is, the pros and cons of softwoods versus hardwoods 

and/or bioenergy crops). The increasing use of biomass in many other material-based, 

process industries (e.g. chemical, energy, construction, textile, plastic industries) which 

result in synergies and new business models across industrial borders, should imply 

higher attention to the concept of diverging innovations of non-assembled products. 

These process industries – as well as other agents/industries in these emerging value 

chains (e.g. ICT services) – are turning towards increasing use and importance of 

renewable, biomass raw/input materials and may therefore have to consider the 

dynamics of diverging innovations.  

 

Paper 4 addressed the development block dynamics of the vertical linkages of such a 

process industry that occurred in the 1990s and 2000s, and it looked at the Domsjö case 

in terms of first-mover advantages and the accumulated knowledge base of sulfite in the 

framework of necessities (the threat of closing down pulp-for-paper activities and the 

need for energy procurement by the local industry cluster) and opportunities (switching 

to textile pulp and lignin-based products and an upgraded bioenergy infrastructure for 

production processes in the area). In particular, the diversification of the product 

portfolio within Domsjö Fabriker’s infrastructure, which was supported by the demo-

plants and biorefinery know-how of MoRe Research, was a result of an upgraded 
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knowledge base, which was inherited from the former owner MoDo and was combined 

with new, strong R&D networks, regional universities, and vertical linkages with the 

chemical and energy industries. The entrepreneurial experimentation with new start-ups, 

new companies, and large investments in equipment/demo-plants in the area during the 

last decade have been quite successful on the whole, at least up until the purchase of 

Domsjö Fabriker by the Indian conglomerate Aditya Birla in 2012.  

 

The support of local institutions and networks have also been crucial for the industrial 

renewal in the mid-2000s not only of Domsjö Fabriker, but also of the major portion of 

the industrial site in which Domsjö Fabriker is located. The local utility Övik Energy 

purchased and took over extensive parts of the old infrastructure, including the harbor 

and boilers, and it divided the responsibilities for raw material procurement with 

Domsjö Fabriker. The utility also played an important role in the rejuvenation of the 

local energy infrastructure, and it most probably had longer perspectives (and payback 

calculations) than any industrial agent would have had. The support for revitalizing the 

infrastructure of the Domsjö industrial site indirectly contributed to resource 

mobilization and to several investment programs that supported Domsjö Fabriker’s shift 

from a traditional sulfite mill towards several cellulose and lignin-based products. At 

first glance, the conclusions of papers 2 and 4 provide different descriptions of the 

supply and demand mechanisms behind this transformation. The reason for this is at 

least twofold. First, the units of analysis differ – in paper 2 the focus was on the 

technology and market shift of the pulping and paper industry where Domsjö Fabriker 

is an illustrative case, while paper 4 focused on the main institutions and networks 

surrounding the Domsjö company and focused on the transformations within the local 

biorefinery system and not merely on those of a single company. Second, the strategic 

change in Domsjö Fabriker over the past several years has been primarily driven by 

market opportunities. This does not necessarily contradict the conclusions of paper 4 

where environmental concerns (green sectors) and institutional arrangements 

(partnerships with Övik Energy in energy infrastructure and raw material supply) were 

considered to incentivize the transformation of the local biorefinery system. Thus the 

different conclusions are the results of stakeholder management, different units of 

analyses (or research questions), and a transformation concerning different components 

and agents as well as lengthy time frames that did not occur contemporaneously.  
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4.4 Major contributions  

The aim of this dissertation has been to analyze how wood-based biomass industries – 

with an emphasis on incumbent pulp and paper industries – are managing the industrial 

and technological transformation beyond the papermaking paradigm. By decomposing 

this transformation into key (sub)processes of change in which different typologies of 

knowledge bases and sets of technologies work as enabling building blocks, it might be 

possible to address the key mechanisms of this transformation. Although the research 

projects in four of the five papers were primarily of a qualitative nature and were thus 

concerned with the specific rather than the general, this does not exclude drawing some 

general conclusions from the research findings that might be transferable to similar 

industrial and institutional settings. 

 

The first research question sought to identify S&T frontiers that go beyond traditional 

mainstream pulp and paper technologies or product fields, and which have potential 

impact according to experts and bibliometrics (although not all of the possible frontiers 

were identified, e.g. 3D-printing). The frontiers address trends and the potential impact 

of biomaterial, biochemical, and biofuel technologies. Old forest industries and PPI 

nations such as the US, Canada, Finland, Sweden, Germany, Austria, and Japan 

demonstrated prominent positions in many of these frontiers in absolute numbers of 

publications and patents. However, when analyzing specialization patterns – as inspired 

by Balassa’s revealed comparative advantage measures – old industrialised forest/PPI 

nations tended to specialize in rather slow growing, forest-based frontiers. They seem 

to have stayed closer to the research trajectories of their woody raw material and 

knowledge base with the exception of North America and the US in particular.  

To a large extent, the identification of the, analytical, “formal”, science-based 

technology frontiers from a knowledge base perspective is far from the whole picture in 

trying to grasp the technology development of this transformation. Although it is 

assumed that PPI organizations have altered their technology sourcing and market 

strategies beyond papermaking over the past decade, it would be naive to believe that 

the very same organizations have abandoned the intrinsic nature of their synthetic 

knowledge bases because most of the capital, technology, and know-how still fill an 

important role in more than just daily basis business routines. In fact, the main R&D 

efforts in the past decade have been oriented towards high-end products and 

technologies, i.e. they have sought to exploit the cellulose fibers and lignin compounds, 

the two most abundant organic compounds on earth, that can be extracted from chemical 

pulp mills and used for multiple applications. This might explain why this industry 

concentrates its explorative and exploitative efforts on wood-based and diverging 

innovations, although these are still largely based on well-established pulping 

technologies. 

 

Biorefineries – such as those in Domsjö, Borregaard, and more recently the Finnish 

corporation Metsä Group that is investing in production at an even larger scale (its 
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Äänekoski mill is now the largest kraft pulping platform in the EU with an annual 

capacity of 1.2 million tons) – that have developed bioproducts based on the properties 

of boreal forests are likely to strengthen their foothold in Scandinavia. These renewable 

raw material resources (which are extracted from sustainable forests) in combination 

with new technologies for textile pulps, along with emerging products based on lignin, 

can contribute with advanced materials and solutions in a bioeconomy that is actively 

moving away from fossil fuels. This emerging paradigm has some of the infrastructure 

(in terms of raw materials, production, and demo plants) already in place in peripheral 

regions – i.e. sawmills and pulp mills – and in the latter case these are also endowed 

with multi-purpose technologies that for decades have been used to produce pulp for 

papermaking but that now serve new end uses. In particular, the pilot and demo plants 

that are present at mill sites, such as Sarpsborg (Borregaard) in Norway, Sunila (Stora 

Enso) in Finland, and Örnsköldsvik (Domsjö Fabriker) and Värö (Södra Cell) in 

Sweden, and involve different stakeholders from research, industry and society, can act 

as the interface between analytical and synthetic knowledge bases and activities that 

otherwise are difficult to combine in large-scale process industries. 

 

Research questions 2 and 3 are united by the analysis of large technology shifts that 

have resulted in the creative destruction of certain segments of the PPI (printing and 

graphic papers as well as the thermomechanical pulping that is connected to those 

segments). They are also united by the need to find new end uses for raw materials due 

to the decline in core businesses, as well as the chance to seize new opportunities in 

chemical pulping and its diverging innovations that can be used with new technologies 

and industries and that form the development block of biorefining. 

 

Technology management from a process industry perspective inevitably has to deal with 

the specific nature of change and of innovations in an industry that is strongly 

characterized by its production system. The production systems in process industries 

share similar traits (e.g. continuous, semi-continuous, and batch material flow 

processes) that contrast radically from other assembled manufacturing industries. This 

also affects innovation activities in a process industry such as pulping, and development 

work is here often managed in laboratory/demonstration plants or directly in a 

production plant environment that is far from design studios of prototyping. Batch 

processes or semi-continuous processes (which consist of batch processes) seem to 

prevail in pilot, demonstration, and initial manufacturing of new or niche products 

because such processes simplify test runs of new products and processes for non-

assembled products. Continuous processes are more stepwise and represent the 

“ultimate” large-scale investment when a process technology reaches its momentum 

and/or maturity phase (Utterback, 1994; Kesner, 2001).  

The phenomenon of diverging innovations can be regarded as both an empirical 

contribution – the breaking up of a closed integrated process industry into something 

new with several emerging and integrative industries as a response to the large shifts in 
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papermaking – and as a theoretical remark on the model for non-assembled products 

presented by Utterback (1994). This is supported by the shift of the core business model 

to chemical separation technology chains where batch and semi-continuous processes 

have regained positions in the development of new biomaterials and replacements for 

fossil-based petrochemicals or resource-intensive materials (such as cotton).  

 

4.5 Implications for further research  

After being neglected for almost a century, recent developments in biomass and 

biorefining technologies and the simultaneous decline in printing and mechanical 

papermaking technologies – “structural tensions of creative destruction” – have led to 

renewed attention to technologies for separating biomass compounds. This explains the 

recent blooming in patent activities as this declining industry tries to enter new markets. 

These patent activities were detected in the work for this thesis by bibliometric and 

technometric methods as a way of identifying formal R&D bodies, and such patterns of 

activity are measurable in terms of S&T indicators (research and patent output) and this 

might be a useful method for tracing R&D networks and knowledge linkages within a 

technological system or a future biobased economy. This latter aspect might be a higher 

level of research for mapping patent races in emerging biofuels technologies (Toivanen 

and Novotny, 2016), for tracing R&D programmes, and for evaluating their performance 

by adding more indicators. In the case of process industries, such indicators might be in 

terms of pilot and demo plants, although these are difficult to include in quantitative 

approaches.  

Paper 3 outlined potential scenarios of peripheral development that are strongly related 

to the forest-product raw material base. That focus was not emphasized in this 

introductory material because of the rather scarce empirical contributions of that paper. 

Instead, the emphasis in paper 3 has been on industry conditions in the periphery, close 

to the raw material and industrial base where new technologies and capabilities might 

be incorporated and exploited in a future biobased and sustainable economy. This 

research area is highly overlooked in academia (Pfau et al, 2014), and the need for future 

research into this empirical field and technological transfer mechanisms is suggested.  

As long as oil prices, shale oil and shale gas extraction costs – as well as CO2 taxation 

– remain at the levels of recent years, biofuels and certain platform chemicals (e.g. 

biomethanol and other biobased hydrocarbons) remain hard to upscale. Biomass based 

development – particularly so in regions with slow growing biomass species like in the 

Northern hemisphere – will continue in the direction towards new biomaterials such as 

lyocell, nanocellulose, lignin products that are not necessarily competing directly with 

oil/petro-chemicals, such as resins and cellulose or lignin based packaging materials 

were regulation and consumer segments work as strong drivers  (e.g. disallowance of 

plastic bags, regulation encouraging recycling, and consumer segments/packaging). 
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The breaking up of step-wise process integration and the chains of capital-intensive 

production processes are both an empirical contribution and – at least during times of 

strong structural tensions such as those that we are witnessing today – a theoretical 

modification of Utterback’s innovation theory of non-assembled products in process 

industries. Adding the right mix of firms, management, and strategies for a development 

block of biorefining – including the means for demo plant/technology platform solutions 

that can act as a bridge between the analytic and synthetic knowledge bases that are 

needed for transformation of large proportions, that facilitate diverging innovations and 

new entrants – might increase the potential for renewal and synergies of process 

industries, not just forest-based industries.  

To understand or to identify organizational gaps or technological bottlenecks in the 

production and distribution chains in such a development block (Dahmén, 1950), there 

might be a need for ambidextrous management of the organizations that are involved in 

such a development block in order to manage large shifts of technology and business 

models. As O’Reilly and Tushman (2013) suggest, when managing a disruptive, new 

technology that is to a large extent characterized by analytical knowledge bases for 

explorative technology sourcing and that is initially focused on niche markets, a new 

flexible organization outside the usual core organization might be suitable, at least in 

the short and medium terms. An important question, therefore, is whether – on the 

occasion of the disintegration of process industrialization as in the case of PPIs and their 

production systems – the organizational structures have to follow the technological 

trajectories in order to avoid the organizational inertia of incumbents, particularly in 

case of adopting significant diversification strategies (Valtonen et al, 2015). The 

ambidextrous approach might thus be fertile academic ground at the micro level in order 

to analyze organizational gaps and technological bottlenecks in an industrial 

development block or in setting up strategies for technology sourcing that are of both an 

explorative and exploitative nature, as well as management of emerging multi-purpose 

technologies (Rothaermel & Alexandre, 2009). Discussions on pilot/demo-plants and 

batch/semi-continuous technologies in terms of market/niche product introductions can 

also find support in this ambidextrous management framework, and in terms of 

functions of technological innovation systems (TIS) this has been captured with one of 

the main functions “guidance of the search” of TIS (cf Hekkert et al, 2007; Klitkou et 

al, 2013) or the strategic niche management and sustainable transition literature 

mentioned in paper 4 (Novotny and Nuur, 2013; Klitkou et al, 2013; Klitkou, 2016; 

Söderholm, 2014). 

 

Complications with IPR (intellectual property rights) causing patent thickets or unstable 

private/public ownership in this transformation of the up-scaling phases of – often long-

term R&D investments projects, have been supported by informants at the leading 

Swedish forest industry R&D organization (Innventia, 2014). In the case of patent 

thickets – i.e. multiple upstream patents where overlapping IPR might hinder the 

commercialization of a technology/product – a patent pool might be an attractive 

solution for organizations that are involved with emerging technologies. A patent pool 
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is an arrangement among numerous patent owners to aggregate their patent portfolios, 

and an emblematic pool makes all pooled patents accessible to each participant of the 

pool. Pools might offer standard licensing agreements to licensees who are not members 

of the pool. In addition, a patent pool might distribute a share of the licensing fees to 

each member according to a pre-set formula (Rodriguez, 2010). Patent pool joint 

ventures have also been criticized by suggesting that they enhance oligopolistic 

tendencies in the case of technology convergence (Clarkson & DeKorte, 2006). In that 

case, convergence in biorefining should only be a risk in a mature phase of process 

integration. Thus integration of ambidexterity management and IPR pools, or 

“ambidextrous” IPR pools, might be of research interest if technological bottlenecks 

emerge as a result of patent thickets. 

The rather blurry concept bioeconomy, or biobased economy, has been mentioned 

sporadically in this cover essay.  The investigation of this dissertation has prevalently 

been made at meso and micro levels, although paper 1 added country- and macro-

regional levels to the analysis. The term bioeconomy has recently entered into policy 

discussions at a governmental, predominantly macro-level in the European Union and 

modern economies, on how to find new trajectories away from fossils and the oil-based 

economy (EC, 2012; OECD, 2009; White House, 2012). These policy documents show 

different visions of the bioeconomy agenda. According to the strategy and vision 

documents of OECD (2009) a biobased economy is basically described as “the basic 

building blocks for materials, chemicals and energy are derived from renewable 

biological resources, such as plant and animal sources”, a “biotechnological vision” that 

comes pretty close to a general description of the outcomes from a biorefinery facility. 

The strategy document of the European Commission from 2012 has a more resource-

based vision, and claims the bioeconomy to “encompass the production of renewable 

biological resources and the conversion of these resources and waste streams into value 

added products, such as food, feed, bio-based products and bioenergy (Bugge et al, 

2016). The bioeconomy includes “the sectors of agriculture, forestry, fisheries, food and 

pulp and paper production, as well as parts of chemical, biotechnological and energy 

industries” (EC, 2012). A shift to a bioeconomy will direct issues connected to energy 

security, food security, health, and industrial restructuring (Bugge et al, 2016). While 

the bioeconomy definition of the EC is broader from a product/resource perspective than 

the biorefinery concept adapted in this dissertation, the sectorial perspective seems more 

static and narrow. The Nordic countries to a greater extent stress an ecological vision of 

the bioeconomy with the urgency to produce more biobased consumables to lesser 

environmental impact and that consumers have larger impact on future development 

(Staffas et al, 2013; Kleinschmit et al 2014, Bugge et al 2016). This latter dimension 

could satisfy requirements for sustainability from environmental, social and economic 

perspectives (McCormick and Kautto, 2013). 

Sweden and Finland are among the leading countries in terms of the wood-based 

production, particularly wood pulp – 32% and 28% of total market volume – and round 
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wood3 production – 17% and 14% respectively – in Europe (EU Bioeconomy 

Observatory, 2016). These numbers, in the light of the technological and industrial 

insights of this dissertation, would make Finland and Sweden essential partners of the 

strategies for the wood-based part of a future bioeconomy, with a significant part of 

European wood pulp infrastructure and know-how for future bioproducts already rooted 

in the Nordic countries. However, the share of funding of demo plants in upscaling and 

testing new bioproducts in industrial conditions is remarkable low in the EU compared 

to North America and China. Approximately 6% R&D investments go to the upscaling 

development investments (i.e. demo plants) and 94% to research, while numbers in the 

US and China are 48% and 58% respectively directed to upscaling development (Ny 

Teknik, 2014).  

The transition from public to private funding/IPR in upscaling demo plant projects is 

also a major bottleneck in order to create reliable market formation and market 

incentives. A more transparent IPR framework or patent pool arrangements addressed 

in this section above could here enfold an important role in dismantling this type of 

bottleneck. Yet, as conclusions of this dissertation expressed above, upscaling policies 

(particularly for pilot- and demo plants) in most cases do contain both elements of 

analytical and synthetic knowledge bases, that is both formal, science based knowledge, 

and industrially, and locally embedded engineering skills and capabilities. In addition, 

innovation policies often contain a misconception to over-simplify entrepreneurial 

events by conceiving them as individualistic practitioners rather than important agents 

in function of a sound entrepreneurial “eco-system” (Stam, 2015), agents that have been 

accused of being absent in the renewal of peripheral regions in old industrialised nations. 

Policies for demo plants therefore should consider to foster these potential 

infrastructures or niches that could bridge between different types of knowledge 

activities and different up-scaling phases adjacent to entrepreneurial eco-systems in 

order to facilitate a faster transition towards a bioeconomy. Alignment between regional 

innovation and other national/EU levels of policy-making is necessary as some of the 

bottlenecks for renewal are not singular to the region but also to the industry and 

technological system at large (Coenen et al 2015). Policy-makers, researchers, firms and 

users may here evaluate what new technologies and bioproducts are technically, 

environmentally and economically feasible as well as accepted by societal stakeholders 

(Klitkou, 2016).  

In the analysis by the Bioeconomy Observatory of the European Commission, roadmaps 

or synergies of the emerging wood-based industries with other large material-based 

industries, that today are highly reliant on polluting fossil based resources seem to be 

absent. The framework of transformation processes in this dissertation is also a way to 

identify industry synergies and linkages across industrial borders, which the EC strategy 

document fails to address. On the one hand the framework of diverging innovation 

                                                           
3All round wood felled reported in cubic meters solid volume under bark. It includes all wood removed with or 

without bark, including wood removed in its round form, or split, roughly squared or in other form (e.g. branches, 

roots, stumps and burls (where these are harvested) and wood that is roughly shaped or pointed. Source : FAO 

(http://faostat.fao.org/Portals/_Faostat/documents/pdf/FAOSTAT-Forestry-def-e.pdf)  

http://faostat.fao.org/Portals/_Faostat/documents/pdf/FAOSTAT-Forestry-def-e.pdf
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describes the transformation of a specific biobased economy, i.e. PPI, on the other hand, 

it adds an analytic framework for existing or potential synergies of PPI and forest 

industries with other metal and mineral based process industries (petro-chemical, 

plastic, construction, steel, textile, glass, etc). This industrial transformation is not easy 

to detect with conventional statistical data based on aggregate levels of industrial sectors 

which on a first glance seem to be prevalent in the EU Bioeconomy Observatory. Paper 

2 and paper 5 identified some of the linkages – the development block – of emerging 

industries and technologies, which are closely related to value chains mentioned in the 

EC strategy document (2012).  
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6 Acronyms and abbreviations 

 

ID – Industrial Dynamics 

NIS – National Innovation System 

P&P in a few papers or PPI in paper 5 and cover essay – pulp and paper industries 

PPA - Publication to Patent Analysis 

RIS - Regional Innovation System 

R&D – Research & Development 

SPCI - the Swedish Cellulose and Engineering Association 

TS – Technological System 

TIS – Technological Innovation System 

tpy – tons per year 

 


