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Abstract 

ñTrees are local, pulp is global, paper is regionalò.  

The global pulp&paper sector is sometimes characterized with this simplification. 

But - what about technology of the whole sector? 

The birth - and for decades ï the growth of the pulp&paper industry was in the Northern 

Hemisphere, in particular North America and Scandinavia, and based fundamentally on 

abundant softwoods ï because the industry in fact grew out of the saw mills utilizing saw mill 

residues. And softwood was the preferred construction material ï light, strong and easy to 

process. 

Therefore also technology development both in pulping (chemical and mechanical) and in 

paper making was fundamentally based on softwood, with its long and strong fibers giving 

stronger papers and allowing faster paper and converting machines. Actually many of the 

equipment and technology suppliers were originally created by the forest industry companies, 

a pattern typical for early innovative stages of the technology S-curve development.  

With increased globalization and continuous demand increases for pulp and paper the last 

couple of decades have seen a substantial shift of dominance to the Southern Hemisphere and 

to plantation hardwoods, offering a much higher growth potential and lower costs. Some 

technology has followed by far from all.  

The technology of tree growing and genetic improvement followed with the trees. Brazil has 

been an outstanding example. 

The development of pulping technology, realizing scale economies of particular advantage for 

the greenfield mills in the Southern Hemisphere, however stayed with the old equipment 

suppliers in the north. ñNever endingò scale economies and huge investment costs called for 

consolidation between suppliers and, in fact, led to an oligopoly of especially 

Scandinavian/European supplier companies. 

The trend was similar although not quite as monolithic for the paper machine suppliers or 

even less for the converting equipment suppliers further processing into printing, packaging or 

tissue products which have quite different end-use characteristics. And for some products the 

end-use requirements like print quality on packaging (ñimageò) or tissue softness(ñfeelingò) 

may reveal substantial historical and cultural differences in preferences  between countries 

and continents.  

Now, at the advent of ñforest biorefineriesò ï where will new the technology development 

take place and be driven? By which players in which structures?  

It will be argued that this is not necessarily where the ñnatural conditionsò are the best but 

rather where a number of other conditions are at hand like strong ñgreenò political ambitions, 

public policies and instruments to promote this. Another almost prerequisite is that  other 

industrial actors outside the traditional forest industry like chemical or petro-chemical 

industries see new opportunities in a new energy, chemical or materials feed-stock.  

Finally, this development will in particular be spurred where existing, mature forest industries 

experience a threat ï of losing cost competitiveness or of a future shrinking market for some 

traditional products (e g newsprint).  

In conclusion it is argued that some techno logy development is driven by growth and some 

by threats and scarcity and that the patterns of actors and co-operations may be quite different. 

  



 

ñTrees are local, pulp is global, paper is regionalò.  

The global pulp&paper sector is sometimes characterized with this simplification. 

Historically forests have always been utilized locally ï in different ways. .  

But - what about the whole forest industry sector, the development of technology, the 

driving forces behind, the geographical shift over time of technology leadership 

 

 

ï Softwoods dominate the Northern Hemisphere and Hardwoods the Southern 

Hemisphere 

 

The birth on softwoods in the Nordic Hemisphere 

 

The fact that the birth of the today global forest products industry took place in the 

Northern Hemisphere (in particular North America and Scandinavia ) ï and based 

fundamentally on softwoods - has had strong, long term implications for technology 

development  

- in forest management and utilization practices 

- in pulping and paper making 

- in products.  



 

Softwoods were ideal for sawn timber (light, soft and easy to fell and to process).  

Easily available close to the core of industrialization ï since England and large part of  

Europe had devastated their forest long ago. It gave charcoal to the local iron 

industry and construction beams for the English coal mines ï and of course cheap 

building material during industrialization in Europe and N America.  

The invention of chemical pulping (simultaneously in Sweden and Germany in the 

late 1900 century) utilizing left-overs , saw mill chips and smaller dimension logs 

gave  birth and rapid growth to efficient joint products forest industry companies. 

Simultaneously cheap water power was available for the mills and in particular for 

mechanical ñstone ground wood pulpò (typically used for newsprint). It was possible 

to get enough fiber strength only on the soft long fiber softwood but not on the short 

fiber hardwoods. 

Gradually  the sulphite pulping method lost its dominance to the sulphate method, 

often named kraft pulping since it gave a much stronger pulp which was important for  

paper to take increasing market shares on the rapidly growing packaging market 

(sacks and corrugated). 

 

The increasing wood demand led to rapid rationalization in harvesting. The chain saw 

in the 50´s reduced the need for men in the forest to 1/3 in only a decade. Further 

mechanization in logging took place with introduction of processors (early Canadian 

development) which led to wood costs long term falling in real terms.  

 

  



Stable historical growth but with some underlying megatrends 

  

The historical growth in paper consumption shows a surprisingly stable pattern 

basically following economic growth.  

 

 

However under this highly aggregated curve a number of slow but long term 

substantial changes in patterns have taken place. Some of these MEGATRENDS will 

be discussed:  

- North => South 

- Softwoods=>  Hardwoods 

- Strength properties => print properties 

- Strong increases in use of RCF (recycled fiber) ï and even international trade 

- Rapidly increasing scale economies ï and pulping always ahead of paper 

making 

 

 

For decades there was a continuous development of technology and scale 

economies in the processing industry (doubling every ten years). The curve showing 

maximal scale-economic capacity looks like the ñS-curve of technology growthò with 

similar  early creative emerging and òtake-offò stages.  Accompanied by 



rationalizations and mechanizations in forestry, these joint technology developments 

lead to the trend prices of pulp and paper products slowly falling in real terms, 

thereby further propelling a steady increase in demand.  

 

Towards the 1960´s and 1970´s a future scarcity of wood was being perceived in the 

traditional pulp producing regions. So which were the responses to increasing wood 

costs ï or the threat of itï in this highly technology driven and technology managed 

industry - and with its feet firmly rooted in the ground? 

Of course technology in the first place! Some of these will be discussed:  

- Increased yield on SW (in forest and in mills)  - later also increased use of 

hardwoods(HW) 

- Development of high yield thermo-mechanical pulping (TMP) 

- Increased use of recycled fibers (RCF)  

- Increased integration forward into paper production 

  

As before much of the technology was invented by production engineers within the 

forest products companies adapting existing equipment for example 

- in the paper machines to make possible the increasing use of the shorter and 

weaker hard woods without causing web breaks or  

- chemically treating or refining the pulps differently to achieve the same product 

properties with cheaper input fibers.  

 

Some of this technology development actually turned out to favor the new pulps and 

thus even enhanced the transition to more hardwoods(HW) and recycled 

fibers(RCF).  

Two examples:  

1. For printing papers (e g copying papers) hardwoods give better formation, 

smoothness and coverage than the long softwoods thus opening up for 

efficiency increases through lower grammages ï once the risks for web breaks 

were ñbuilt awayò.  

2. For packaging papers it turned out that the traditional technology of open, flat 

wires (Fourdriniers) were limited to speeds around 1000 ï 1100 m/min (for 

stability reasons) while higher speeds and lower grammages could be reached 

with the new twin-wire formers . In fact, the twin-wire formers performed better 



with short and recycled fibers ï so during the past 10-15 years almost all new 

large high speed paper machines for packaging grades have been built for 

RCF ï in Europe and in China!  - in sharp contrast to 25 years ago when 

almost all the largest packaging PM´s were virgin fiber based and located in N 

America or the Nordic countries.  

 

But the forest product companies also moved to new forest areas with higher growth 

ï and cheaper fibers:  

 

Compare Hardwood (eucalyptus)   ~50-60 M3/hectar/year 

          Brazil :  

 

- In North America to the US South (completely dominating the greenfield mills during 

the 1960-80´s) 

- In Europe buying wood from Russia and the Baltic states, establishing greenfield 

mills in Southern Europe (Spain and Portugal) but also taking the first steps into Latin 

America.  

 

The Aracruz mill in Brazil in the 70`s was the starting of a formidable success story. 

The mill was partly financed and largely technically designed by Swedes and 



Norwegians.  It was based on planted eucalyptus which reached 10 times the yield 

per hectare compared to average Nordic yields.  

Frequently the forest product companies sent along their engineers so technology 

leadership still largely stayed with the traditional companies or with the equipment 

suppliers, which in turn frequently were off spins from and sometimes still owned by 

the forest products companies.   

Technology was available ï but not technology ownership. However ï with one very 

important exception ï the technology of genetic improvement and plantations of 

eucalyptus in Brazil!  Brazilians took over, adapted to local conditions and perfected 

this technology quickly. This leads us back to original saying:  

ñTrees are local é.ò:  

  

 

So this Brazilian success is since 15-20 years increasingly being copied in other 

countries so all the growth in market pulp is in the Southern Hemisphere while it is 

shrinking in N America (a  combination of closures and integration with PM´s).  



 

We can summarize these MEGATRENDS with the following:  

  

 

 

Now some of these new greenfield mills and exploitations of forests are increasingly 

being questioned as a cause of rain forest devastation - most strongly in Indonesia. 

This leads us to the question on legislation on forest utilization.  

 



 Legislations on forest utilization ï different models 

So far we have only discussed forests from the industry interest, i.e. high productivity.  

There are a number of other values and interests 

-environmental  

-biodiversity 

- conservation 

- hunting, recreation 

The relative emphasis and balance between these goals vary substantially in national 

legislations due to deep historical, cultural and industrial traditions. 

Alternative approaches: Separating or Combining the goals? 

- The US  has set aside large areas as Natural parks and have considerable 

restrictions on harvesting and forest management (e g due to endangered 

species ï the spotted owl in the US North West being one example) but 

freedom for private forest owners to choose between intensive silviculture, 

plantations and little or no forest management measures at all. 

- Sweden on the other hand is trying to combine all the goals on all land (50% 

state, 25% companies and 25% farmers) ï a semi-natural forest.  Historically 

little is set aside for national parks but Sweden has a long tradition, a law 

called ñall menËs rightò to walk, pick mushrooms and berries everywhere (signs 

of No trespassing do not exist). Until the 80´s the production goal dominated 

with detailed legislation on compulsory thinning to promote volume and value 

but recently the biodiversity goals have been made ñequally importantò. As a 

curiosity can be mentioned that detailed legislation on how to use the forest 

has long traditions. ñAll menËs rightò in the forest did not involve hunting. That 

was the privilege of the Noble people ï and the King. And in the 1700´th 

century when Sweden was one of the large warfaring nations in Europe it was 

declared that all oak trees belonged to the king because oaks grow slowly and 

were strategically necessary for building the battleships(not in force any 

more!).  

 

- Some examples will also be given from developing countries (Brazil, Chile, 

Indonesia, Russia) with different conflicts (rain forest cutting, illegal logging, 

alternative land use, lacking infrastructure) ï more or less successfully 

resolved. 



 

 

Impact of stagnating growth in paper consumption 

 

Another MEGATREND is that the historic pattern of paper consumption (roughly 

proportional to GNP/capita) is slowly changing.  

 

 

 



 

The curve is leveling off at the top end. In the richest countries ï most notably the US 

where consumption of newsprint started falling already 10 years ago and with similar 

development for office papers. The electronic revolution ï initially seen as a threat 

some 20-30 years ago, then as a complement in fact supporting paper consumption 

(print-outs and copying!) ï is now gradually challenging ñold printed mediaò. Some 

behavioral patterns change slowly (ñreading newspapers dies with the readersò) while 

others change more quickly (advertising follows the rising purchasing power).  

 

 

Europe as a whole seems to follow the US behavior, however with a time lag, while  

developing countries still show good growth in all printing papers.  

 

It is interesting to note that there are large differences in apparent consumption per 

capita between developing countries. For example China has 6-8 times higher per 

capita consumption than India but only twice the GNP per capita. Much is in 

packaging (China exports goods while India exports software and call services). And 

China today has the most modern and largest PM´s in the world ï and India with 

some exceptions an outdated, small scale paper industry (historically protected).  

 



Interesting is also that the technology responses to stagnating consumption seem to 

be different in North America and Europe.  

- North America: Already since > 10 years cost cutting, closures and little 

renewal of an industry considered to be financially underperforming, resulting 

in shrinking R&D in the industry and equipment suppliers no more at the 

technology front. However with one exception ï tissue and hygiene products, 

the only paper products that are consumer products where marketing, 

branding and adapting to consumer values are important. American 

Procter&Gamble, Kimberly Clark, James River were leading development 

(together with Swedish SCA) .   

- Europe:  Also cost-cutting, no new pulp mills and few new virgin fiber based 

PM`s but much debottlenecking, using complementary fibers or fillers to 

expand or climb to higher value products. So ï in short - a simultaneous 

development of both products and technology   

- in recycled fiber production (RCF), in particular in Germany with producers 

and equipment suppliers building the world´s largest PM´s on RCF (earlier 

always secondary in size and quality) 

- in the higher value added  printing papers with new coatings for new printing 

techniques. The stronger European position (compared to N America) in 

printing papers and technologies was then also transferred to the packaging 

field where display and advertizing on packaging made Europe leaders in 

white and coated corrugated as well as in liquid packaging board (TetraPak), 

gradually growing out of the simple milk market into more varied liquid/semi-

liquid products and now even challenging the metal can for preserved food 

(ñTetra Recartò). 

 

A consequence is that much of the pulp and paper making technology has been 

concentrated to the European equipment suppliers. With increasing scale economies 

and often requirements for ñturn keyò deliveries there has been a strong tendency for 

consolidation within the large equipment suppliers ï so we now have an oligopoly 

situation with only 2-3 global suppliers of the main pulping equipment and  3-4 global 

suppliers of PM´s (partly the same).  

And these few European suppliers seem to be strong enough to keep at least the key 

technologies despite the fact that almost all greenfield mills are built in the developing 



countries although the suppliers are increasingly producing much of the equipment 

locally. 

 

Technology responses to rising energy costs and climate change measures 

 

Also here N America and Europe seem to respond somewhat differently with 

somewhat different focus within the concept of ñBiorefineryò:  

  

 

- N America: Being squeezed by both stagnating markets and rising energy 

costs, the threat from ñpeak oilò and in particular strong dependence on 

imported automotive fuels the pulp&paper industry jointly set up long term 

programs to develop the biorefinery concept (industry´s ñAgenda 2020ò). 

There are a large number of projects in particular on ethanol production not 

only from agricultural products (sugar and corn) but also on utilizing lingo-

cellulosic materials from agricultural waste and wood.  

- Europe: Having had much higher fossil fuel taxation the utilization of biomass 

for energy generation started already with the first oil crisis in the 70`s. 

Introducing energy efficient technologies in the pup&paper mills made it 



possible to sell surplus heat for district heating and also surplus wood residues 

to power plants.  More co-generation of electricity was further stimulated both 

in the mills and the municipal biomass fired power plants by the introduction of 

ñgreen energy certificatesò.  

Development of Black Liquor Gasification (BLG) was strongly stimulated by 

public funds both to facilitate debottlenecking in pulp mills (without having to 

build expensive new soda recovery boilers) and generate ñgreen electricityò or 

automotive biofuels. Focus has been shifted from ethanol recently to focus on 

methanol or diesel fuels (Fischer-Tropsch diesel or DME from synthesis gas, 

i.e CO +H2) since the yield is higher and the European car fleet is much more 

diesel oriented than in N America (and getting more so). There are a number 

of pilot and demo projects under way both in connection with pulp&paper mills 

and separate plants for direct gasification of wood residues.  

Now the European forest industry is deeply split about the EU climate change 

commitment (in its ñ20/20/20 goalsò for 2020) aiming at 20% bioenergy at large 

and 10% biobased automotive fuels. During the past few years the prices for 

wood fuel has doubled and has contributed to increasing the costs for pulp 

wood. And the industry has made several studies indicating that the goals 

would lead to a wood deficit for the forest industry of some 100 Mm3 

(estimates vary) which would endanger the survival of the forest products 

industry generating several times more added value than simple biofuels.  

 

 

My belief is that this present focus on biofuels ï we could call the ñ1st generation 

biorefineriesò - will be followed by a ñ2nd generation biofuelsò  with focus on new 

materials and chemicals from lingo-cellulosic materials. Instead of breaking down the 

wood material through hydrolysis to simple sugars or gasification to the elementary 

CO + H2, i e synthesis gas (the same building element as from fossil sources) the 

approach is to take advantage of  nature´s smart polymers and thus the potential to 

generate more unique materials with higher value added. We already see some 

research results and pilot projects in this area.  

A few examples:  

-  LignoBoost ï extracting lignin from the black liquor and processing it into a 

specialty fuel with excellent properties for co-firing in coal power plants 



(gaining ñgreen benefitsò) or ï more fascinating ï further processing and 

spinning into a carbon-fiber for advanced materials reinforcements (still inferior 

in properties though).  

 

 

 

- Xylophane ï extracting one of the main elementary hemicelluloses in wood (or 

agricultural woody wastes) and then processing it into a transparent film with 

excellent oxygen barrier properties for application in the food packaging 

industry.  



 

- Nano-papers ï the strongest cellulose based paper made by man (3-4 times 

stronger than the strongest ñfiber-papersò).  

 

 

The challenge is not only to understand where nature´s molecules are superior to the 

fossil or synthetic ones but also to develop further the processes to extract, separate 

etc (on the sub-fiber level) microfibrillar cellulose (MFC), the crystalline cellulose 


