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Amos Taylor 
How To Wake A Sleeping Finnish Forest Giant: Perspectives on the Finnish Bioeconomy
There is a sleeping Giant in the Finnish forest, a source of boundless energy, material and wealth that once woken could provide a remarkable solution for the coming bio-based age. But the question is how best to wake the sleeping Finnish forest Giant? Do we wake the giant vigorously to scale up the industry renewal as soon as possible, maximising the output of the forest, feeding wood into its system as much as there is, to meet the demands for the coming future world? Or do we cautiously see which way the giant should awake, also aware that the sleeping giant protects in its sleep the weight of the biomass needed to fight the changing climate? Some in Finland see that a sleeping giant makes for a slow economy, and that it should be woken quickly to fulfil its promise. Entangled in this promise, a forest based bioeconomy would replace fossil fuels and materials with wood and biological based sources, industry would be reinvented to make this magical substitute, where wood would be for example the new plastics, biofuels and energy. 

On the other hand, there are those in Finland that see the sleeping giant should stay sleeping right where it is, and that there are other ways to use this giant. They are worried that a fully woken giant would rampage through the forest over consuming trees, a situation that would go beyond the safe limits of the environment. 

Are there other giants we should wake? And other innovative methods in which to wake them? In a sense, this is succinctly the current story of waking the bioeconomy in Finland. This is a subject of our ongoing research project 'Bioeconomy & Justice' BioEcoJust at the Finland Futures Research Centre, University of Turku, where we try to understand the ethical and decision-based dimensions for alternative futures of the bioeconomy. 
Finland Wakes with a Bioeconomy Strategy
In Finland this great 'Giant' we might identify as being predominately the wood and pulp industry that has been the most active part of the Finnish industry and identity through its history, sustaining its economy over the previous century.  But in the recent decades this industry has come into rapid decline with the forest industry, sawmills, paper and pulp industry in crisis and closure due to global forces, resources, and the rise of digital to replace the paper based publishing (Hetamäki & Hurmekoski 2016; Hetemäki, Kuuluvainen,& Toppinen 2016). The industry after a recession period had to change and adapt into a new direction, as they becoming obsolete, and facing creative destruction (Hetamäki & Hurmekoski 2016). The challenge of mitigating climate change, and the need to secure new natural resources for our planet was met in Finland with a proposed strategy to reinvent its waning forest industry of yore, toward a the transformation into a bioeconomy – a bio-based economy. In 2014 the Finnish Bioeconomy Strategy was launched (Finnish Bioeconomy Strategy 2014), a pioneering step for Finland to 'lead the way': to utilise its unique knowledge and skill-set for this challenge (ibidium.). In its wide interpretation of utilising bio-based sources, its platform is clearly founded on the forest based industry, with agriculture and aquatic (lakes and fisheries) taking a secondary role. This is the predominantly Finnish bias, an industrial perspective based on reviving the previous paper pulp industries to adapt, some providing bio-refineries that can offer alternative chemicals, fuels, energy and materials (Hauskonst et.al. 2017). Also, the superb forest management abilities of Finland, with its efficiency, resourcefulness and innovativeness, is also hailed as the champion of Finnish know-how, along with its penchant for research and development in this sector. The central idea appears to be to scale up this new industry as quickly and as broadly as possible, replacing fossil fuels with predominantly forest based products. 
Äänekoski: Giant Investment for the Future
A surge of investment and political willpower has established the first stages of the industrial plan. One recent notable example is the first of the next generation of pulp mills in Äänekoski by the Metsä Fibre company.  This was the largest investment so far made for the bioeconomy, with a massive 1.2 thousand million euros. The plant is expected to be able to handle 4.5 million cubic meters of trees. (Mäntyranta, 2017) This would increase processing of forest biomass capacity greatly, as now the factory already produces pulp, pine oil, turpentine, biogas, production gas, sulphuric acid, heat and power, and in its next stages it will produce textiles fibres and lignin refining products. (ibidium.)

I recently had the opportunity to interview the Vice President of Research at Metsä Fibre bio-refinery Niklas von Weymarn, who is instrumental in the Äänekoski project. In the interview, he expounded on his perspective of the coming bioeconomy. For him defining the bioeconomy was easy, as economic value based on biological resources, pure and simple. The new bio-refinery would process wood to facilitate multiple streams from wood biomass, more than has been offered before. It would extract an array of high value materials found in wood, with efficiency to produce energy as well from the by-products. Importantly, it would facilitate a rapid change toward a bio-industry. It would also sustain for other sub-industries the materials necessary for them to produce new innovative products. Lignin for example is just one of these remarkable materials found in wood that has untold potential for its medium and strength, involving diverse industries in biofuel, aircraft, coating, mechanical engineering, chemical, and of course forestry (Lignin Club 2017). Interestingly, bio-fibre too is being processed for textiles.  Niklas von Weymarn says that the Äänekoski investment is locked in to produce materials like this for the next 30 years, which can be seen as a clear decision for the future direction.  The mill acts as a gateway to facilitate further waves of ecosystems of green innovations and businesses that are much needed for a bio alternative to fossil industry.

Upon asking von Weymarn what does he consider as the future threats for the bioeconomy, he quickly responds that the European legislation LULUCF would severely restrict the plant and its potential. The LULUCF (Land use, land use change and forestry) is a policy that is staunchly at odds with the Finnish bioeconomy strategy, and some politicians see it as a 'nightmare for sustainable forestry' (Bioenergy International, 2017, European Commission). Severe differences of opinion exist on how to calculate carbon emissions versus biomass and its reference period. There is the threat in this legislation that it calculates forests and forest management as emitting carbon rather than storing it, as forests then can act as offset sinks and contribute to commitments made by countries for the Paris Agreement. (ibidium.).  

The Finnish strategy, reflecting von Weymarn's position, is that forest harvesting should be radically increased for bio-products, if it is to be a part of a rapid transition to a low carbon economy. Finland with its some 75% dense forest land coverage could through proper forest management provide the necessary raw material for this new bio-industry.  This proposal entails a huge demand of bio materials. However, the critics of the plan point out that the levels of increased harvesting are very close to, or even over the sustainable limits of the carbon captured biomass, thus threatening bio-diversity.(Hartikainen. Helsinging Sanomat 24.3.2017). This notion introduces the important other viewpoint in our story, that of the role of the 'sleeping forest giant'. It reveals the important counter position in the discussion, the essential role of biomass sinks in climate mitigation. 
The Sleeping Giant
In opposition to the plan to increase forest harvesting yields, 68 Finnish academics published a collective document that outlined the dangers of such a strategy that would add to emissions and “accelerate climate change”, reduce the biomass ability to store carbon in wood, soil and biomass (Hartikainen J. Helsinging Sanomat 24.3.2017; BIOS website). This would also affect biodiversity negatively. Wood as a raw material should be better served in longer uses like construction, with a “rapid increase in the amount of carbon stored in forests and timber products”, rather than burned for energy (ibidium.). Politicians, led by the environment minister Tiilikainen, have reiterated that they have considered these carefully in their calculations and strategies, agreeing that the use of wood in construction is recommended, but because of sturdy 'new forest growth has increased then wood use can increase' allowing an increase of logging from 66 to 80 million cubic meters (Hartikainen J. Helsinging Sanomat 26.3.2017). This reflects the determination of the political Center party that has an agrarian history and foundation. The Center party is currently holding government, and has strongly backed the strategy.
 In reaction to the European policy LULUCF, pressure was put on the EU to amend the calculations that originally were not in Finlands favour (LUKE 7.9.2017). In short, Finland objected to the time frame in which it would be judged for biomass capacity vs. forest consumption, pointing out that forest management should not be counted as an emission. Finland holds a uniquely different position in comparison to other European countries, with an abundance of forests. An argument has been put forward that where other countries see forests as parks, in Finland they have for long been a part of the economy formed of both private and public ownership, with a high proportion of Finnish forests being owned by ordinary citizens. In this sense, forest management is what Finland suggests it is highly adept in, and well managed forests offer a better renewable resource and sink than unmanaged forests(ibidium.). In an Euroberometer poll (Special Euroberometer Report 440, 2015), Finland indicated very differently from other countries on the use of forests: as they saw it, the forest was a valid source of materials and energy, they did not see the role of forests as protection from natural disasters (something Finland has hardly encountered). Other countries polled less in forest use for industry compared to Finland, where the core message is that the forest sector is the accepted key contributor to the bioeconomy.(ibidium.).  

The decision on the vote came September of this year on the LULUCF amendment in Strasbourg with heated debate on both sides, and with a result that revealed the might of political influence, lobbying, and power for this bioeconomy strategy. The vote concluded in favour of the changes to increase forest logging and to amend the calculation and reference dates (YLE news, 13.9.2017). While the Finnish industry sighed relief, the environmentalists were aghast (ibidium.). This clearly identifies the political determinism surrounding the Finnish bioeconomy, where an old industry is reinvented, restructured and set as the platform for the next 'sustainable' paradigm shift, to a bio-economy age. 

Criticism of the political manoeuvres surrounding the bioeconomy can suggest that there is a disconnect between society and the forest based bioeconomy (Mustalahti, 2017) as the “current transition to a bioeconomy has been difficult and challenging for citizens to participate in the strategic decision-making” (Mustalahti, 2017). Finland has adopted a “political discourse for the bioeconomy”(ibidium.) and this is perhaps the reason why the EU does not understand the Finnish perspective. Bosman & Rotmans (2016) evaluation of Finland’s bioeconomy in 2015 found it was difficult to identify who has actual ownership of the strategy, apart from the government with a top down approach dominated by set industry players and ministries (Bosman & Rotmans, 2016). They warn that because seemingly the bioeconomy is already part of Finnish genes, it can be easily considered business-as-usual, with no major new innovation necessary. This can lead to following a traditional history of utilising the forest with the same invested interests, leading to path dependency (ibidium). Looking at the Finnish media as a representation of this issue, according to Lavikainen the bioeconomy (and its surrogate circular economy) is presented in a way that is innovation-led rather than policy-led (Lavikainen 2015). Wood based innovation represents in the public sphere the benefits for the economy and environment, and biorefineries especially draw the attention of the Finnish media. They also feature most prevalently in media, portrayed in a way that embody hope for renewing the Finnish economy (ibidium). Lavikainen also suggests the Äänekoski biorefinery had been strategically politically motivated, as the previous governing administration had placed the Äänekoski project at the top of the list to recieve EU stimulus funding.(ibidium) Suffice as to say that the project is clearly strategic.

Investment Trend

Large investments showing great interest in Finland's renewable energy sector are proposed for the industrial bioeconomy across different regions of Finland. As mentioned, Metsä Äänekoski represents the only large investment in practical operation at €1.2 billion investment. Other potential example projects in the process are a €780 million Chinese investment proposed for a biorefinery in Kemijarvi in the north of Finland for the Boreal Bioref company, planned to be operational in 2020, according to one industry view(Indufur: forest based bioenergy outlook, 2017). Future investments range from Kaidi, a second generation biorefinery with proposed €900 million investment from China for 2019, and Finnpulp, the 'world's largest softwood pulp mill', proposed €1.4 million investment. The output from these facilities could produce “1 TWh of electricity and 65 000 t of tall oil” from the Finnpulp company, and Kaidi company offers “energy wood, harvesting residues and other brown side streams from sawmilling”, Borial Bioref bioproducts are “microcrystalline cellulose, MCC C5- and C6 sugars, pine oil and turpentine, bioenergy, soil improvement substances”, and Metsä Äänekoski “bioproducts include tall oil, turpentine, lignin products, bioelectricity and wood fuel”.(ibidium.) 

These large investments reveal the interests in, and the dominant direction of the Finnish bioeconomy, and also the move to producing diverse 'high value' bio-products along with renewable energy. This portrays how the idea of the 'circular economy' has been adopted by the industry, exploiting maximum value with minimum waste, to utilise multiple value streams and maximise efficiency that is seen to be more sustainable than traditional linear industrial models. 
Giants of Innovation 
In Finland we might suggest that innovation leads the way, and that there is great potential in the broad experimentation that the bioeconomy seems to evoke. This suggests other innovative ways to wake the giant, through consumption. Design, of course, is synonyms with Finland: walking through the streets during the recent Helsinki Design Week 2017 in the city centre you can see the visible evidence of the coming bioeconomy. Wooden architecture building experiments, a dome shaped wooden indoor garden, and a major Finnish fashion label Marimekko showcasing a dress made from wood fibres, produced at the Storenso biofactory. Also small entrepreneurs are getting hands-on with biomaterials, and we can see these as offering a quintessential model for the new bioeconomy entrepreneurship. ILAHU for example, is a small snow-surfboard company in Lapland that builds its boards from wood and bioplastics, and strongly binds its identity to Finnish Lapland's nature where it re-plants trees to balance its materials and fun experience of nature. The boards are bovine desirable objects, featured by professional winter sports figures and promotes sustainable causes close to its heart, like the SOW Save Our Winters. 

In consumer food culture, the supermarkets’ new food alternatives constantly appear on the shelves revealing the Finnish move to be sustainable through innovative vegetarian food like 'Pulled Oats' – an oat and bean protein based meat-substitute by Gold & Green, that has raised in popularity and that utilises Nordic regions’ high quality agriculture grains. This product represents well the Finnish agriculture potential with its ability to produce for its own region through new innovations that are drawing attention back to local, reimagined food. Diverse Finnish milk products popular in Finland also line the supermarket refrigerators from old Finnish companies like Valio, who constantly introduce new products and seem ready to take on wide ranges of competition. Also many of the milk cartons now in mass use are 100% from bio-based materials. 'Wood is the new plastic' - is a slogan often used surrounding the development of wood and recycled materials to become substitutes for plastic, and it seems to capture the current need to fix and replace all that is wrong in a fossil based world (TEM wood 2017). Superior packaging that is sustainable, recycled and bio-based is fast emerging as the norm thanks to the newly design driven recycling, paper and board industry.(ibidium.)
Giant Wooden Architecture

Constructed wood is also seen as a great way to store carbon for long periods of time, the potential and know-how of building with wood has raised status in recent years. Wood is currently being showcased as a versatile and innovative material in Finland, with new public sauna and outdoor swimming pool floating in the sea that play with wooden architecture in a modern-functional and playful way to engage society. Wood for construction has been also proposed as a viable alternative for heavy construction (Hurmekoski et.al. 2017). Although in competition with an urban establishment that has favoured concrete, considering massive concrete based high rise current development construction going on in Helsinki city right now in Pasila and Kalasatama. In Helsinki, Wood City business centre, a large construction utilising wooden architecture is currently being built in its new Jatkasaari former harbour development area. Likewise, the new Helsinki central library will heavily feature wood in a vast shapely public space that is currently being built. Composite laminated wood, produced for example by Stora Enso (TEM wood ) offers a strong and versatile potential for modular building that is fast and sustainable. The role of wood in construction seems to be emerging in Finland, as a valuable and desirable solution for form and sustainability. What is holding it back? with all the benefits it offers is a crucial question to be asked.

Prototyping with Bioreactors
Imagine a playground for bioenergy, bio-materials and chemicals, in which new companies could prototype and test their industrial process in an existing system. The Bioruukki pilot center openly facilitates this testing in a real refinery, reactor, and processing centre located in the Industrial area of Kiviruukki in Espoo, nearby Helsinki. This means that companies can practically test at a small scale before scaling up and investing in setting up a factory, ensuring the success of their technology before large scale investment.(TEM  wood 2017)  The Bioruukki is a multifunctional facility supported by the state of Finland, connected to key universities, and is versatile enough to physically demonstrate and experiment with wide ranges of forest-based materials and bioenergy concepts that aid in establishing the assumed infrastructure needs for the future (Ibidium). “Bioruukki offers integrated pilot platforms for thermochemical conversions, energy storage, bio-mass deconstruction, cellulose fibre spinning and green chemistry technologies.”(TEM wood ). Many new innovations companies and clusters are being established through this pilot centre, and I would suggest it is indicative of the strategic way this industry is fast being established in Finland. It is an evolving ecosystem facilitator. 

In 2015 its operations were the “production of bio-based fuels and chemicals from biomass and recycled feedstocks using gasification and pyrolysis technologies”(VTT research). Now being developed are different energy storage pilots “biomass and industrial waste gas flows for renewable products” and with the goal to create a new globally unique experimental pilot site by 2019. Chemicals and green feedstock are next on the agenda to be housed in a new building in 2019 (ibidium.) Constantly in development the Bioruukki pilot centre seems to morph and keep adding on different combinations of industrial biotechnology “under the same roof” (ibidium) that embrace rapid technological development. Furthermore, and most importantly, it forms an ecosystem for both potential and established industry that actively tests and experiments with new concepts toward rapid diversification. 

The platform in this case, is the standout innovation that perhaps surpasses any one innovative invention or startup that passes through its facilities. It has the potential to rapidly prototype, test and make ready to scale-up technology. The ecosystemic, co-creative, circular and open nature of this process reveals the strategic ability of emerging Finnish bioeconomy companies to, in the next few years, explode onto the market with incredibly diverse innovations, products and services. Äänekoski mill already mentioned by Metsä Fibre, also shares this aspect of an ecosystem attached to its function, and all large investments can be seen to be intertwined with the various parts of the industry system eg. forest, chemical, energy etc. 

Already the Finnish “ecosystem” approach as an industrial and business method to anticipate future markets is an advantageous accelerator for its bioeconomy. The two illustrative questions in the Finnish context we might ask are, what might innovation do in the future? And what could an innovation ecosystem do in the future? 

AI and Digital Knowledge based Bioeconomy
It is not surprising that digitalisation and the bioeconomy go hand in hand, with for example Finnish forests that are being meticulously digitally mapped tree by tree (eg. by Natural Resource Institute Finland LUKE) to identify which species, how much and how old to quantify the potential resources and also its biomass sink (LUKE 8.8.2017). For the Finnish bioeconomy the internet of things, digitally linking everything to everything might be seen as an 'internet of trees', sustainably selected. At a recent digital bioeconomy event in Espoo in September, there was great enthusiasm for novel IT solutions for the industry that really best describes the diverse mobilisation of a digital knowledge based bioeconomy. This is what Finland ultimately promotes, building on the success of former mobile giant Nokia and the current giant games industry (eg. Rovio, Supercell). Eyes now are set on converging the bio and digital toward exporting its knowledge based bioeconomy. (Ahonen, 2017) Presented at the event were real cases of robots-that-milked-cows that broadcast data to apps on the health, quality and safety aspects of the milk. And apps that calculate the biomass of Finnish farmed salmon regulating optimal feeding times and quantity.(ibidium) It was clear that the bio-industry was creating a colossal amount of data where industrial and farming systems seek a whole new level of efficiency. At one point a large municipal water company announced that they were now ready for artificial intelligence (AI) and machine learning to facilitate their complex operations. Other companies too seemed to see AI and automation as the next phase, to robotise and utilise drones, 5G networks and industrial internet, to re-calculate and optimise the multiple value streams. Images of the far future seem to be at Finland’s doorstep, with artificial intelligence stewardship for industry, forests, farms and lakes. 
The Promise of Synthetic Biology
There is a promise of a new disruptive bioeconomy based on synthetic biology. A new transformation is on the horizon in the form of synthetic biology, where a totally new type of giant could emerge. Described as “Synthetic Biology creates systems that do not exist in nature”(Hyytiäinen 2014), in the discourse of limited natural resources, the promise held by synthetic biology offers many alternative perspectives that push beyond our current knowledge and understanding. In Finland this completely new field has been taken seriously and adopted for research and development. Of importance we can notice VTT Technical Research Centre of Finland has boldly published Roadmap for Synthetic Biology in Finland, that details numerous lines of exploration for the future. The connected project Living Factories: Synthetic Biology for a Sustainable Bioeconomy (LiF) for example has at the University of Turku explored ways to stimulate applications of synthetic biology, offering renewable energy systems through a 'photosynthesis mechanism' to transfer solar energy through biological processes (ibidium.). In this sphere cells, yeasts, enzymes, and bacteria, etc. all can be enhanced to produce high value biofuels or chemicals not known in nature or yet to our modern world, and importantly not reliant on conventional understanding of biomass. Future applications are astounding, highly uncertain and potentially disruptive to the status quo.

The Finnish Bioeconomy in Space

With Finland's first commercial tiny satellite Hello World planned to be put into orbit later this year, I was curious to meet the company behind it attending the same recent bioeconomy event. Director of Space and Robotics Juha-Matti Liukkonen from the Reaktor company, a company specialising in digital services with a fluid collaborative organisation approach is perhaps not the usual attendee for such bio event. Liukkonen said because sustainability was an important ethos for the staff at Reaktor, the satellite was developed as a way in which to monitor and map sustainability in detail from above. This he offered is a way to establish services that certify the authenticity of global sustainable actions. In a sense this portrays the exciting new surrounding sphere of digital services engaging with the bioeconomy sector, in which for example carbon tax can be administered. The Finnish bioeconomy has the potential to go beyond the stratosphere to facilitate sustainable change, going beyond our expectations with many complex alternatives.

Radical Technologies & Future Global Value Streams 
The Finnish government commissioned an extensive foresight inquiry on the future radical technologies and their global value streams (Linturi & Kuusi & Ahlqvist 2014) that offers an excellent perspective in which to view the Finnish bioeconomy strategy. If we can say that almost exclusively Finlands current exports are dominated by pulp and paper, then followed by wood products and pharmaceuticals (Finnish Bioeconomy Strategy 2014). Then for the future the 'know-how' element or knowledge economy is the key for growth, and that newly revitalised packaging board industry could continue to offer a more traditional but highly diversified export industry. Future potential exports revealed from the strategy offer diverse bio based products, and knowledge based expertise and knowledge based systems (ibidium.). With timber that is often refereed to as a future construction export, with cleantech and food niches to meet future changing global demands (ibidium.).  Then considering the Radical Technology Inquirer discoveries obvious valid themes can be found from the Global Value-Production Networks (Linturi & Kuusi & Ahlqvist 2014).


Functional materials and new material technologies
This can be seen as the reinvention of the body of pulp, paper and board industry, that is reinvented offering diverse sustainable materials for packaging and apparel. 

Sustainable energy technologies
Energy from sustainable means are the essential component of the Finnish perspective, from energy with high value sidestreams from bioreactors/mills to new diverse biofuels that utilize renewable materials both recycled from industry and waste, and from biomass. 

Drugs based on genetically modified organisms
Where Finland (like EU) is cautious with genetic modification the research and development seems quickly to move toward altering and manipulating bio for high value goods, and pharmaceuticals can represent the highest commodity. As healthtech is in the background fitting Finnish know-how, likewise the potential for pharmaceutical high value products is being sought after in the Finnish (forest based) bioeconomy. 

Open data and big data
Finland as a Nokia country, is hungry to engage data, and the knowledge based bioeconomy is consumed by managing and taking advantage through big data. Sustainability and biodiversity (especially of forest) is also connected to this project to itemise the diversity of biomass, to target sustainably the wanted bio materials with as little waste and disruption as possible. There is a sense of sharing data to achieve these aims, as industry further cooperates and new steps to adopt ways in which artificial intelligence can manage data have already found a need.

New building materials that replace reinforced concrete
Building with wood timber structures is presented as both a solution to climate change and as an excellet export for Finland combining specific Finnish building material and know-how. 

Cellulose nanofibre and microfibre
Diversification through new bio based fibres and nano fibres is strongly projected as the next phase for the industry rejuvenation. 

The production of biofuels using enzymes, bacteria or algae 

A bio-fuel centred bioeconomy is currently promoted in Finland, even despite Norwegien dedication to electric cars, Finland is slow to adopt electric but is exploring alternative biofuels for transportation and energy mix. The synthetic biology potential in experimentation would utilize many variations for fuel, that seem most suited to the Finnish long distance transportation needs, as well as ambitions projects to replace fuel for aircraft. Finland could very well claim this as a niche for itself.

CubeSat and other minisatellites
Revealed from the mentioned Reaktor case, minisatalites also seems to be an important facilitator of both an Industrial Internet, and sustainable accreditation monitoring. This also offers highly desired data-sets of the biomass and its industry that can be connected to big data and internet of things.

Conclusion: Future Giant Scenarios for the Finnish Bioeconomy

There are many ways to wake the sleeping Finnish forest giant, and there appears to be many characteristics of the giant. For Finland it seems to be an innovation led problem rather than through a cohesive socio-technological solution. 

The Bioeconomy and Justice project utilising futures research explores this Finnish perspective by offering many alternative futures by collecting weak signals and emerging trends. Our challenge is to express these scenarios to identify the most desirable futures (Bell 1997) and ultimately explore the paradigm transformation with a long view(Wilenius & Kurki 2012). We for example can present the alternatives by looking at the four classic scenario archetypes (Dator 2002; Hines 2015) of Continuation, Collapse, New Equilibrium and Transformation to understand of the ways in which to wake the Giant. Continuation sees a Giant that is stubbornly following the business-as-usual where forests are readily consumed by industry for immediate rapid growth, not so much changed from the past. Collapse (meaning stagnation, struggle) might see a quite ‘sleepy Giant’ with an industry that struggles under constraints, competition, with economic struggle but environmentally safe in its forest for now. New Equilibrium sees a disciplined Giant who has found new ways in which face the challenges, to balance growth and sustainability, embrace diverse innovations revealing a carefully experimental Giant. Finally Transformation sees a totally changed Giant with systemic change where radical innovations and shifts in values reveal a new Colossus (Dator 2002; Hines 2015).
Presented here from the Finnish perspective we can see quite specific frames of forest biotechnology, but also the seeds that may offer many new alternative future paths, which each may result in very different societies (Hauskonst et.al. 2017).  Different strategies reveal different focus where the perspectives of biotechnology, bio-resource, and bioecology reflect very different visions and objectives (Bugge, Hansen & Klitkou 2016). We can observe that, in attempting to move to a quick transition, the bioeconomy is strong in Finland.  The bioeconomy flows from all sectors of forestry, chemicals and energy production, with agriculture, water - fisheries and food production, where a rather giant and complex system emerges with endless possibilities and combinations as they further converge. 

Because diverse innovation is the key for tackling climate change rather than adopting a single method (Hargadon, 2010), it can be seen that Finland fully engages both the potential and dangers of the bioeconomy. These approaches are often “fraught with diverging techno-political choices based on conflicting or even incompatible visions” (Hauskonst et.al. 2017). Outside sectors clearly will further transform and challenge these to restructure, especially through digitalisation and the potential of artificial intelligence, synthetic biology, automation, robotics, drones, internet of things and industrial internet, like many other industries. For the bioeconomy still being formed and imagined these all might have a massive effect opening up many ethical questions for the future. Finland is waking its giant, but we must ask do we know what giant we are waking?  And what giant we actually want?
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