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1. Introduc,on1

Denmark has over the past century developed one of the world’s most coherent, integrated, 
and strategically governed bioeconomy ecosystems. It is the fruit of the combined evolu=on of 
agriculture, industrial biotechnology, environmental regula=on, green energy policy, and a 
deeply rooted collabora=ve culture linking public ins=tu=ons, research organiza=ons, private 
industry and users. The Danish experience offers lessons for how advanced economies can 
combine compe==veness, sustainability, and innova=on in a biological, circular, and low-carbon 
economic system.  

Denmark’s bioeconomy represents a century-long structural transforma=on linking agriculture, 
industrial biotechnology, pharmaceu=cal manufacturing, renewable energy systems, and 
circular industrial ecology into a highly coordinated innova=on system. The Danish bioeconomy 
evolved through layered ins=tu=onal change: coopera=ve ownership structures, strong advisory 
systems, university-industry collabora=on, and European and na=onal regulatory frameworks 
incen=vizing long-term technological upgrading. 

For U.S. policymakers, par=cularly those states pursuing climate-aligned industrial strategies, 
the Danish examples demonstrate that long-term compe==veness depends not only on 
technological breakthroughs but also on ins=tu=onal arrangements linking environmental 
regula=on, infrastructure investment, and industrial development. Denmark’s bioeconomy 
should therefore be understood as the product of long-term ins=tu=onal coordina=on rather 
than short-term policy interven=on. Cascading resource use, industrial ecology, and circular 
energy infrastructures are not isolated ini=a=ves; they represent the cumula=ve outcome of 
decades of scien=fic investment, coopera=ve governance, and adap=ve environmental 
regula=on. As global economies seek pathways toward sustainable industrial transforma=on, 
Denmark provides a concrete example of how integrated bioeconomy systems can align 
economic growth with climate objec=ves. 

2. Denmark’s Bioeconomy
Bioeconomy refers to the produc=on, conversion, and cascading use of renewable biological 
resources to generate food, materials, chemicals, energy, and services. In Denmark, this 
defini=on is not merely conceptual; it reflects a governance model in a systema=c approach in 
which environmental policy, industrial strategy, and regional development are =ghtly 

1 In this chapter we refer to Denmark as only the southernmost part of the Kingdom of Denmark. The condi;ons in 
the arc;c regions of the Kingdom, Greenland, as well as the Northern Atlan;c Faroe Islands, differ vastly from the 
condi;ons in the southern part of the kingdom. 



connected. The Danish case therefore provides a useful lens for policymakers seeking to align 
climate objec=ves with industrial compe==veness. 

Three interlinked value chains structure the Danish system. The agro-food chain anchors 
employment and regional stability, par=cularly in rural areas, even as mechaniza=on reduces 
labor demand over =me. The biosolu1ons and pharmaceu1cal chain has become the primary 
engine of export growth, genera=ng high value per employee through advanced fermenta=on 
technologies, intellectual property, and par=cipa=on in global innova=on networks. Between 
these domains, the circular energy and resource recovery chain connects agriculture, 
manufacturing, and energy systems through biogas infrastructure, district hea=ng networks, 
and industrial symbiosis. Together, the chains illustrate a structural shiO common for advanced 
bioeconomies, that biomass produc=on remains essen=al, but that economic value is 
increasingly concentrated in research-intensive conversion stages. The special feature of the 
Danish case is the degree of ins=tu=onal coordina=on that keeps upstream produc=on 
connected to downstream innova=on. Coopera=ve organiza=ons, advisory systems, and cluster 
plaPorms help translate scien=fic advances into industrial applica=ons, ensuring that 
agricultural produc=on remains embedded within a broader innova=on ecosystem, based on 
triple helix type approaches. 

Even though Denmark is a world leader in circular economy, with an economy in many ways 
solidly rooted in advanced fermenta=on and green exports, it is clear, that the process towards 
a biobased economy is ongoing. Thus, Denmark’s first Circularity Gap Report in 2023, showed 
that despite concerted and focused efforts over decades, Denmark is s=ll just 4% circular. 

Recent research in framework condi=ons for the development of bio solu=ons also point to 
needs for con=nued efforts related to areas such as commercializa=on of research, access to 
facili=es, access to risk-capital, beXer regula=on, and access to labor. 

3. Historical Transforma,on and Value Chain Reconfigura,on  
Danish agriculture is characterized by intensive land use, with roughly two-thirds of the country 
under cul=va=on and a highly input-intensive produc=on model based on fer=lizers, irriga=on, 
and crop protec=on. A large-scale livestock sector, par=cularly in pigs and dairy, underpins both 
domes=c produc=on and exports, but also contributes to significant environmental pressures, 
including nutrient runoff and greenhouse gas emissions - accoun=ng for approximately one 
quarter of Denmark’s total emissions. Environmental regula=on has therefore been essen=al in 
addressing these externali=es. At the same =me, regulatory frameworks have been designed to 
act not only as constraints but as drivers of innova=on and structural adapta=on; reflec=ng a 
dual logic that has shaped the evolu=on of Denmark’s circular bioeconomy. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Denmark’s contemporary bioeconomy is the outcome of a historical process through which 
structural constraints have gradually spurred ins=tu=onal and technological innova=on. The 
transi=on from a land-constrained agrarian economy to a knowledge-intensive bio industrial 
system emerged through repeated adapta=on to external market pressures, evolving regulatory 
frameworks, and investment in scien=fic capability. Throughout this development, coopera=ve 
governance, ins=tu=onal learning, and environmental regula=on have interacted to reshape 
value chains, ul=mately producing a hybrid economic system that combines biological resource 
produc=on with advanced biomanufacturing and circular energy infrastructure. 

Increasingly limited territory and dependence on export markets created strong incen=ves for 
produc=vity growth and ins=tu=onal innova=on from an early stage. Reclaiming land and 
agricultural innova=on and intensifica=on were historically important prerequisites for 
economic resilience. This structural condi=on fostered a poli=cal culture in which coopera=on 

BOX Danish agriculture occupies a dominant posi1on, u1lizing 61% of Denmark's total land area.  Approximately 75% of Denmark's total 
agricultural and food produc1on is exported, Main livestock is pigs for slaughter, dairy cows and chickens, and the Danish agricultural sector holds 
high world market shares: 

commodity World Market Share/Global Rank 

Grass Seeds 30%, ranked 1st  

Food ingredients including modified starch and enzymes 52%, ranked 1st  

Blue-veined cheese 18%, ranked 3d 

Live swine exports 25%, ranked 1st  

Pork products 10-14%, ranked 3rd-4th 

  Table 1 Global market shares for selected Danish agri-food product categories latest available year - Danish Agricultural Council 

Danish agriculture’s market shares are par1cularly notable given Denmark's posi1on as a high-cost producer where labor, land, and input costs 
substan1ally exceed compe1ng na1ons. 

The Coopera3ve Ownership Model: At the primary produc1on level, self- and family ownership remain dominant, while investor-owned farms 
represent a growing segment for larger scale opera1ons. Denmark's most dis1nc1ve structural feature is the prevalence of farmer-owned 
coopera1ves throughout agri-food processing and input supply sectors. The coopera1ve movement origina1ng in the 1880s, shaped Danish 
agriculture's compe11ve dynamics. enabling small-scale producers to collec1vely achieve economies of scale in processing and marke1ng while 
retaining ownership and control. A single farmer with one cow could not produce buOer of acceptable quality independently, but uni1ng, farmers 
could build proper dairies with modern equipment producing premium products at higher prices. Co-opera1ves control approximately 90% of the 
Danish dairy market, 80% of pork processing, and 70% of feed and agricultural inputs. Contemporary Danish coopera1ves include several world-
leading agri-food enterprises:  

• Arla Foods - dairy, ranked 2nd in Europe,
• Danish Crown - pork, ranked 2nd in Europe,
• DLG - feed industry, ranked 2nd in Europe,
• DLF Seeds - grass seed, ranked 1st globally, and
• KMC - potato starch, ranked 2nd in Europe.

The coopera1ve dominance facilitates strong ver1cal integra1on and coordina1on across value chain links from input supply through primary 
produc1on to processing, marke1ng, and distribu1on. Ver1cal integra1on ensures faster dissemina1on of market signals while providing delivery 
and purchase security through contracts and delivery rights. Coopera1ve structures enable farmers to collec1vely control major upstream and 
downstream value chain por1ons, distribu1ng profits back to farmer-members while maintaining scale, technological capability, and market access 
comparable to large corpora1ons, and the coopera1ve development has been a key driver in the development of Danish agriculture's interna1onal 
compe11veness. 



between producers, researchers, and policymakers became central to compe==veness. 
Contemporary ini=a=ves around reweZng and nature restora=on illustrate how the objec=ves 
of the system have today evolved beyond produc=on and export to include other important 
aims such as climate mi=ga=on, biodiversity, and landscape governance, while s=ll reflec=ng the 
historical ins=tu=onal legacies. 

 

 

With the mechaniza=on of American agriculture in the years aOer the civil war and falling 
transporta=on costs, the US flooded European markets with cheap grains in the Great Grain 
Invasion from around 1870.  Over twenty years the price of wheat fell about 40 per cent, and 
the price of rye 30 per cent. To protect their farmers most European countries, most notably 
France and Germany, departed from free trade policies and imposed protec=ve import tariffs on 
US grains, but not Denmark.  The changing market developments forced Danish farmers to pivot 
toward higher-value livestock and dairy exports; mainly buXer and bacon for the UK markets. 
The developing coopera=ve movement provided the organiza=onal framework enabling this 
transforma=on. Smallholders collec=vely financed modern dairies and slaughterhouses, 
standardized produc=on, and built strong marke=ng ins=tu=ons integra=ng Danish producers 
into global value chains while preserving distributed ownership. These coopera=ve ins=tu=ons 
became plaPorms for collec=ve learning, linking farmers, engineers, and emerging scien=fic 
communi=es in ways that laid the groundwork for later industrial clusters. 

Throughout the twen=eth century, Danish agriculture underwent con=nued moderniza=on 
through mechaniza=on, gene=c improvement, feed op=miza=on, and advisory systems. What 
dis=nguished the Danish trajectory was not just technological adop=on but the 
ins=tu=onaliza=on of con=nuous learning. Advisory organiza=ons and coopera=ve networks 
translated scien=fic advances into everyday prac=ce, crea=ng feedback loops between research 

BOX The limita;ons of land are best illustrated through Denmark’s most recent loss of approximately 
one third of the territory in the second Schleswig war in 1864, which drove a massive effort of 
cultivating the heath and claiming Nords and wet areas for agriculture under the moOo of "What is 
lost outwardly must be won inwardly".  Many of those efforts are being reversed today as part of 
Denmark’s efforts to combat climate change, but the societal and cultural impact remains, including 
the importance for Denmark’s general collabora;ve approach to problem-solving and innova;on and 
the widespread coopera;ve ownership structures in the Danish agroindustry, through the advent of 
the coopera;ve movement.  In the short term, the loss of land caused economic disrup;on and trade 
reorienta;on, forcing Denmark to find new markets for its agricultural produc;on. In the long term, 
the loss drove a fundamental shiU in Danish agriculture toward a more efficient, export-oriented 
produc;on of foods, which ul;mately contributed to a period of rapid economic growth and 
specializa;on in the late 19th century. The coopera;ve movement (Andelsbevægelsen) origina;ng in 
the 1880s, shaped Danish agriculture's compe;;ve dynamics. The coopera;ve model enabled small-
scale producers to collec;vely achieve economies of scale in processing and marke;ng while 
retaining ownership and control. A single farmer with one cow could not produce buOer of 
acceptable quality independently, but by uni;ng, farmers could build proper dairies with modern 
equipment and skilled staff, producing premium products at higher prices and earnings. 



ins=tu=ons and produc=on systems. This integra=on of science and prac=ce enabled high 
produc=vity despite rising labor costs and environmental pressures, reinforcing export 
compe==veness while maintaining a rela=vely decentralized produc=on structure. 

From the 1970s onward, new requirements from environmental governance introduced a new 
layer of transforma=on that reshaped the bioeconomy. Regula=ons targe=ng water quality, 
nutrient runoff, and later greenhouse gas emissions required producers to operate within 
stricter ecological boundaries. Rather than replacing the produc=vity logic of agriculture, 
environmental policy reweighted it, making technological innova=on, measurement systems, 
and coordinated compliance central to economic survival. Investments in manure management, 
precision nutrient applica=on, and bioenergy infrastructure emerged partly as responses to this 
new regulatory pressure. Over =me, environmental policy evolved from a correc=ve mechanism 
into a real driver of systemic integra=on, linking agricultural produc=on with energy systems 
and waste management through circular solu=ons such as biogas and nutrient recycling. 

The transi=on toward a knowledge-intensive bioeconomy accelerated in the late twen=eth and 
early twenty-first centuries as automa=on and consolida=on increasingly reshaped primary 
produc=on. Farms became fewer and larger, supported by advanced mechaniza=on and digital 
technologies, leading to a gradual decline in agricultural employment even as output volumes 
remained high. At the same =me, Denmark leveraged its deep fermenta=on exper=se, rooted in 
food processing and agricultural science, to build globally compe==ve bio solu=ons and 
pharmaceu=cal industries. Industrial enzymes, microbial cultures, and biomanufacturing 
processes transformed biological innova=on into a major export driver, shiOing value crea=on 
away from commodity produc=on toward specialized scien=fic knowledge. 

Environmental regula=on con=nued to act as a selec=ve pressure throughout this period, 
favoring operators capable of inves=ng in advanced measurement systems and integrated 
produc=on technologies. The Green Tripar=te Agreement of 2024 (see below) represents an 
extension of Denmark’s nego=ated governance tradi=on, embedding climate targets within 
collabora=ve frameworks that align agricultural transforma=on with long-term policy objec=ves. 
By linking emissions pricing with land-use planning and innova=on investment, the agreement 
reflects a shiO from reac=ve environmental regula=on toward proac=ve system design. 

Ins=tu=onally, the rise of bio solu=ons and life science sectors was reinforced by transla=onal 
infrastructures and pa=ent capital that support early-stage innova=on and industrial scale-up. 
The 2024 consolida=on of Novozymes and Chr. Hansen into Novonesis illustrates the con=nued 
concentra=on of fermenta=on capabili=es within globally compe==ve plaPorms, while long-
term funding commitments from the Novo Nordisk Founda=on demonstrate how philanthropic 
capital has become embedded within Denmark’s innova=on ecosystem. These developments 
highlight the extent to which the bioeconomy has shiOed from a produc=on-centered model 
toward one in which scien=fic exper=se and ins=tu=onal coordina=on drive economic 
performance.2 

 
2 Denmark's bioindustry emerged from a century-long heritage in fermenta;on and agricultural processing. The 
industrial anchors are most notably Novo Nordisk and Novonesis. Novonesis was created in 2024 through the 
merger of Novozymes (founded in 1925) and Chr. Hansen (1874) pioneered industrial enzyme produc;on and 
microbial cultures respec;vely, achieving global dominance in specialized niches. Their merger created a USD 4.4 



Within this evolving landscape, cascading biomass 
use has become the defining organizing principle. 
Biological resources are priori=zed for food and 
high-value applica=ons before residual streams are 
redirected toward energy recovery and nutrient 
recycling. This cascading hierarchy reflects both a 
material logic rooted in industrial ecology and a 
governance logic, maximizing value crea=on while 
reducing environmental externali=es. Agro-food 
produc=on, bio solu=ons manufacturing, and 
circular energy systems therefore operate 
interconnected value chains linked through by-
products, shared infrastructure, and regulatory 
frameworks. 

The circular energy and resource recovery chain 
connects material flows across sectors, enabling industrial symbiosis through biogas produc=on, 
district hea=ng, and waste valoriza=on.  

An important structural feature is the divergence between employment distribu=on and value 
crea=on. Upstream and midstream segments retain large labor bases, par=cularly in rural 
regions, while downstream life science industries generate dispropor=onately high export value 
and produc=vity. Agriculture con=nues to provide the biological founda=on of the system, 
supplying biomass, land-based resources, and plaPorms for circular flows, but economic growth 
increasingly depends on knowledge-intensive downstream ac=vi=es integrated into global 
innova=on networks. This inversion of the value chain illustrates a broader shiO in advanced bio 
economies, where compe==veness is shaped less by produc=on volume and more by the ability 
to embed and leverage scien=fic exper=se within industrial processes. 

Denmark’s development demonstrates how long-term ins=tu=onal coordina=on can transform 
structural constraints into sources of compe==ve advantage.  The coopera=ve governance, 
environmental regula=on, scien=fic investment, and cascading resource use, together underpin 
a hybrid bioeconomy in which agricultural produc=on, advanced biomanufacturing, and circular 
infrastructure co-evolve within a shared ins=tu=onal framework. 

4. Structural Dynamics: Employment, Produc,vity, and Export Transforma,on 

The historical developments explain how Denmark’s bioeconomy emerged through coopera=ve 
coordina=on, environmental regula=on, and scien=fic upgrading, the contemporary system is 
defined by a set of structural dynamics that reshape how value is created and distributed across 
the economy. A dis=nc=ve feature is the divergence between employment paXerns and export 

 
billion biosolu;ons company with 40,000 microbial strains, 38 research centers, and €350 million annual R&D 
investment 2. Novo Nordisk's pharmaceu;cal facili;es, par;cularly in Kalundborg where around 50% of the world's 
insulin as well as a range of biopharmaceu;cal products is produced, complement the industrial base. The 
pharmaceu;cal success generates substan;al reinvestment capacity through founda;ons and the world leading 
philanthropic Novo Nordisk Founda;on alone commiOed $US 872 million for 2026-2035 bioeconomy innova;on 
infrastructure, enabling ecosystem-level investments far exceeding market-driven alloca;ons 

Table 1 Cascading principle – Na3onal Panel 
on Bioeconomy, 2024 – develop in English 



performance, reflec=ng a broader transforma=on from a produc=on-centred agro-industrial 
model toward a knowledge-intensive bio industrial configura=on. 

The bio-solu=ons and pharmaceu=cal chain has become the principal driver of export growth 
and technological leadership. Firms specialising in industrial enzymes, microbial cultures, and 
biomanufacturing operate within global innova=on networks where intellectual property, 
regulatory exper=se, and advanced process engineering generate high value per employee. The 
rise of life science exports illustrates the structural transforma=on of Danish bioeconomy: while 
biomass produc=on remains founda=onal, the highest economic rents increasingly accrue in 
research-intensive conversion stages rather than in primary produc=on. 

The circular energy and resource recovery chain occupies an intermediate posi=on within this 
system. Biogas produc=on, district hea=ng systems, and industrial symbiosis networks link 
material flows across sectors, crea=ng new employment niches while enhancing resource 
efficiency. Although export revenues from circular energy remain modest compared with 
pharmaceu=cals or food products, circular energy plays a strategic role in stabilizing the broader 
system by reducing energy costs, improving environmental performance, and enabling 
cascading use of biological resources. 

The divergence between employment and value crea=on reflects a general structural paXern 
across advanced bio-economies, but Denmark’s case is dis=nc=ve because of the degree of 
coordina=on between relevant sectors. Rather than allowing downstream industries to detach 
from agricultural produc=on, the Danish governance system secures strong ins=tu=onal linkages 
between biomass supply, scien=fic research, and industrial applica=on. Coopera=ve structures, 
advisory systems, and cluster organisa=ons con=nue to func=on as connec=ve =ssue between 
rural produc=on systems and globally compe==ve life science firms. 

From a policy perspec=ve, this raises ques=ons about cohesion and industrial strategy. High 
value biomanufacturing clusters generate significant export revenues but are geographically 
concentrated and highly specialised. Upstream agro-food ac=vi=es on the other hand remain 
spa=ally distributed and poli=cally salient, sustaining employment in regions where alterna=ve 
economic opportuni=es may be limited. Balancing these dynamics requires policy mixes that 
recognise the complementary roles of different value-chain segments rather than privileging 
one at the expense of the other. 

Denmark’s experience highlights the importance of aligning industrial upgrading with social and 
territorial considera=ons. The structural inversion of value chains does not imply the 
marginalization of agriculture but rather underscores the need for governance frameworks that 
connect primary produc=on with downstream innova=on systems. Denmark demonstrates that 
long-term compe==veness in the bioeconomy depends less on scaling biomass produc=on 
alone than on embedding scien=fic exper=se within industrial processes while maintaining 
ins=tu=onal links to upstream resource bases. 

Environmental regula=on con=nues to func=on as a selec=ve pressure shaping these structural 
dynamics. Policies requiring advanced measurement systems, nutrient management, and 
emissions reduc=ons favour firms capable of integra=ng digital technologies and process 
innova=on into produc=on systems. The Green Tripar=te Agreement of 2024 (see below) 



exemplifies this development by linking emissions pricing with nego=ated governance 
frameworks that encourage long-term investment in sustainable agricultural transforma=on. 
Rather than constraining economic development, regula=on has become an instrument through 
which Denmark aligns industrial compe==veness with climate objec=ves. 

At the same =me, Denmark’s fermenta=on heritage remains a key enabling factor in the rise of 
bio-solu=ons and life science sectors. The consolida=on of Novozymes and Chr. Hansen into 
Novonesis reflects the ongoing scaling of fermenta=on-based capabili=es into globally 
compe==ve plaPorms. Long-term funding commitments from the Novo Nordisk Founda=on and 
related transla=onal infrastructures further illustrate how pa=ent capital has become 
embedded within the governance architecture of the bioeconomy, reducing risk for early-stage 
innova=on while suppor=ng industrial scale-up. These ins=tu=onal arrangements reinforce the 
shiO toward knowledge-intensive value crea=on while maintaining strong linkages between 
scien=fic research and industrial produc=on.  

They also underline the importance of the applied cascading principles and the Danish highly 
collabora=ve approach. 

5. Cascading Value Chains, Industrial Ecology, and the Governance of Circular 
Bioeconomy Infrastructure 
Building on the structural dynamics outlined above, Denmark’s bioeconomy is increasingly 
organized around the principle of cascading biomass use, which integrates material efficiency 
with economic value crea=on. Rather than trea=ng biological resources as single-use 
commodi=es, cascading systems priori=ze high-value applica=ons, such as food produc=on and 
advanced biomanufacturing, before direc=ng residual streams toward energy recovery and 
nutrient recycling. This hierarchy reflects both a material logic rooted in industrial ecology and a 
governance logic designed to maximise resource produc=vity while reducing environmental 
externali=es. 

In prac=ce, cascading use blurs the boundaries between sectors that are oOen analysed 
separately. Agro-food produc=on generates by-products that feed into industrial biotechnology 
processes, while waste streams from manufacturing and agriculture supply inputs for biogas 
plants and district hea=ng networks. These interconnected flows create a form of industrial 
metabolism in which biological resources circulate through mul=ple stages of value crea=on. 
The result is not merely increased efficiency but a structural reconfigura=on of value chains in 
which energy systems, agricultural produc=on, and advanced manufacturing become mutually 
dependent. 

Denmark’s approach to industrial ecology reflects decades of ins=tu=onal coordina=on. Shared 
infrastructures such as district hea=ng grids, gas networks, and water management systems 
enable companies to exchange energy and material flows at scale. Again, these infrastructures 



are not simply technical plaPorms; they are embedded within governance frameworks that 
align municipal planning, environmental regula=on, and industrial investment. Consequently, 
cascading resource use has evolved from isolated pilot projects into a systemic organizing 
principle shaping the bioeconomy. 

As men=oned above, the Danish system can be understood as comprising three dominant 
highly interdependent value chains. The agro-food chain con=nues to anchor employment and 
territorial cohesion, providing the biological inputs that sustain downstream industries. The bio 
solu=ons and life science chain captures high margins through specialised knowledge and 
intellectual property, transforming biological processes into globally compe==ve products. The 
circular energy and resource recovery chain connects these domains by enabling industrial 
symbiosis through biogas produc=on, waste valorisa=on, and integrated energy systems. The 
value chains intersect through shared infrastructure, regulatory compliance systems, and 
collabora=ve governance arrangements. 

Export sta=s=cs indicate that agro-food ac=vi=es con=nue to play a macroeconomic role, with 
exports reaching approximately USD 29 billion in 2023 and suppor=ng substan=al employment 
across the value chain. These figures also reveal the structural divergence at the heart of 
Denmark’s bioeconomy: upstream and midstream segments maintain large labour bases, while 
downstream life science industries generate dispropor=onate export value and produc=vity 
gains. 

This divergence is not just an economic phenomenon but a governance challenge. Policymakers 
must balance the need for con=nued investment in knowledge-intensive industries with the 
social and territorial importance of land-based produc=on systems. Denmark’s experience 
suggests that cascading value chains can serve as a bridging mechanism between these domains 
by ensuring that agricultural produc=on remains integrated within broader innova=on 
ecosystems rather than being displaced by technological upgrading. 

 

 

 

 

 

 

Table 2 Circular Bio-Economy (CBE) principles adop3ng Cascading of biomass residues, Lybæk R and Kjær T (2021) 



From a compara=ve perspec=ve, cascading resource use provides important lessons for 
interna=onal bioeconomy strategies. In regions such as California, where climate policy drives 
industrial transforma=on, the Danish model illustrates how circular infrastructure can be 
designed to support both environmental objec=ves and industrial compe==veness. Industrial 
ecology depends not only on technological innova=on but also on stable regulatory frameworks, 
transparent data sharing, and long-term investment horizons that enable firms to coordinate 
resource exchanges. 

Denmark’s cascading value chains demonstrate how environmental constraints can be reframed 
as opportuni=es for systemic integra=on. By linking biological produc=on with energy systems 
and advanced manufacturing, the Danish bioeconomy has developed a governance architecture 
that aligns sustainability transi=ons with industrial upgrading. Rather than represen=ng a 
departure from historical development paths, industrial ecology and circular infrastructure 
emerge as the culmina=on of a century-long process of ins=tu=onal coordina=on, scien=fic 
investment, and adap=ve governance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BOX Energy Integra.on and Biogas Produc.on as an example of applied cascading principles: One of the most obvious 
manifesta2ons of agriculture-bioeconomy integra2on is the extensive development of biogas produc2on systems. Since 
the 1970’s oil crises, Denmark has transformed from 90% energy import dependency to becoming a leader in green 
energy, decoupling economic growth (GDP) from energy consump2on and emissions, diversifying its energy mix, 
embracing renewables, and enhancing efficiency.  

Over the past 5 years, Denmark has been among the fastest growing biogas producers in the OECD area with an increase 
of almost 200%.  

The primary input for biogas produc2on is animal manure, par2cularly from pig and caQle opera2ons, along with crop 
residues, food processing by-products, separated household food waste, and industrial organic waste. Of the total biogas 
produc2on in 2022, almost 80% was upgraded to biomethane and fed into the gas distribu2on system, while the 
remaining approximately 20% was used for combined heat and power genera2on. Increasingly CO2 is captured for either 
carbon capture and storage projects or for the rapidly developing markets. The propor2on of biogas in the Danish gas 
system approached 40% in 2023, and projec2ons indicate that Danish gas consump2on could approach 100% 
biomethane by 2030. The digestate produced as a by-product provides nutrient-rich organic fer2lizer is returned to 
agricultural soils, crea2ng circular flows of nutrients and organic maQer. 

Several factors have contributed to successful biogas industry development; intensive agricultural produc2on supply 
with high livestock density and modest distances between farms and biogas plants ensures reliable input; the exis2ng 
na2onwide gas pipeline infrastructure provides direct market access; financial support schemes favored biogas 
produc2on; regulatory requirements for collec2on and separa2on of food waste strengthened feedstock availability; 
environmental policy changed a\tudes toward livestock manure from problema2c waste to valuable resource; clear 
climate policy goals regarding fossil fuel reduc2on made biogas increasingly aQrac2ve; R&D at universi2es and research 
organiza2ons contributes to process op2miza2on and technology development; and industry par2cipants have iden2fied 
genuine business opportuni2es with significant profitability poten2al. 

Fundamentally, cluster collabora2on in a quadruple helix among the biogas industry, agriculture as key supplier of 
feedstock, academia, and government, has created alignment around common goals and enabled coordina2on through 
formal and informal networks. This cluster collabora2on reflects the importance of reliable feedstock supply and farmer 
engagement for biogas development. The approach has also enabled coordinated problem-solving, rapid knowledge 
diffusion, shared learning from opera2onal experience, and adap2ve policy development responsive to technical and 
economic reali2es. 



 

6. Innova,on Governance and Ins,tu,onal Evolu,on 
Denmark’s governance architecture has evolved from triple-helix collabora=on into a broader 
ecosystem model involving clusters, transla=onal ins=tu=ons, and philanthropic capital. 
Organiza=ons such as SEGES Innova=on translate research into agricultural prac=ce, while 
cluster plaPorms facilitate collabora=on between SMEs, universi=es, and global firms. Pa=ent 
capital from industrial founda=ons provides long-term financing for deep-tech ventures, 
complemen=ng public innova=on policy and EU funding frameworks.  Compared with US 
governance structures, Denmark’s model emphasizes coordina=on and stability over 
compe==on between agencies. While the US benefits from larger capital markets, Denmark 
demonstrates how ins=tu=onal coherence can accelerate technology diffusion across sectors. 

Denmark’s na=onal Innova=on Cluster Program has played an important role in strengthening 
the innova=on ecosystem, including for bioeconomy-related sectors. 14 cluster organiza=ons 
have been designated across diverse areas such as food and bioresources, environmental 
technology, and energy technology, all of which contribute to innova=on in bio-based industries 
and circular economy solu=ons. Bioeconomy is the primary focus for the specially designated 
Food & Bio Cluster Denmark and a cross-cuZng theme for clusters such as CLEAN 
(environmental technology/circular economy) and Energy Cluster Denmark 
(bioenergy/biorefining), 

Denmark’s na;onal cluster program supports collabora;on between companies, universi;es, and public a
ctors to boost SME innova;on and compe;;veness, with cluster funding administered by the Danish Busin
ess Authority. The program comprises 14 na;onally designated clusters across sectors such as food & bior
esources, life science, energy, and clean technologies, integra;ng research, business, and government 
stakeholders in a triple helix collabora;on. 

Food & Bio Cluster Denmark is the flagship bioeconomy cluster, linking biomass and agricultural innova;on 
with bioenergy, biochemicals, and bioresource value chains, and facilita;ng bioeconomy project development 
and  financing.  Food  &  Bio  Cluster  Denmark  also  engages  with  European  ini;a;ves,  suppor;ng  Danish 
par;cipa;on  in  programs  such  as  the Circular  Bio-based  Europe  Joint  Undertaking  (CBE  JU) under  the EU 
Commission through funding and matchmaking. 

Cluster  Excellence  Denmark  (CED) provides  strategic  support,  professionaliza;on,  and  interna;onaliza;on 
assistance  to  the  14  na;onally  recognized  cluster  organiza;ons,  helping  strengthen  cluster  management 
capacity. 

 Cluster Excellence Denmark is co-financed by the Danish Agency for Educa;on and Research and the Danish 
Business Authority, reflec;ng high-level policy alignment between cluster strategies and na;onal innova;on 
goals. The Ministry of Higher Educa;on and Science integrates clusters into na;onal innova;on policy, linking 
them to research networks, innova;on grants, and interna;onal coopera;on frameworks. 

Danish clusters connect to European Union cluster ini;a;ves, including the European Cluster Collabora;on 
Plaoorm (ECCP)and quality labelling through the European Cluster Excellence Ini;a;ve (ECEI) Cross-border 



cluster networks like Medicon Valley Alliance (life sciences) and regional innova;on ecosystems such 
as Kalundborg Eco-industrial Park illustrate Denmark’s broader networked innova;on environment 
suppor;ng circular and bio-based development. 

Science parks and innova;on hubs like DTU Science Park and others complement cluster ac;vi;es by hos;ng 
startups and cross-disciplinary ventures across biotech, clean tech, and bioeconomy segments. 

 

 

Table 3 Denmark’s innova3on Clusters - Aalborg University 

As Denmark’s bioeconomy agenda expanded from efficiency improvements toward deeper 
circularity, climate mi=ga=on, and ecosystem stewardship, the limita=ons of narrowly defined 
research-industry-government collabora=on became increasingly apparent. Bioeconomy 
transi=ons raised ques=ons extending beyond technological performance, including land-use 
priori=es, environmental trade-offs, social distribu=onal effects, and public acceptance. In 
addressing these issues, it became important to engage with other actors outside tradi=onal 
triple helix partnerships, including environmental organiza=ons, labor representa=ves, local 
communi=es, financial ins=tu=ons, and users of bio-based solu=ons. 

 

In response, the collabora=ve frameworks have been gradually broadened, and civil society 
organiza=ons and social partners are more systema=cally involved in shaping the bioeconomy, 



while environmental considera=ons are embedded more explicitly in innova=on and policy 
processes. This evolu=on is especially evident in ins=tu=onal arrangements such as the Green 
Tripar=te Agreement, which brings together government, industry, trade unions, and 
environmental organiza=ons to jointly design and implement climate- and bioeconomy-related 
policies (see case descrip=on below). Similarly, The Alliance for Bio solu=ons ensures inten=onal 
ecosystem orchestra=on, coordina=on and dialogue with companies, research ins=tu=ons, 
financial actors, and NGOs to accelerate the development and adop=on of bio-based solu=ons 
in Denmark and interna=onally. 

As the triple helix model collabora=on matured into broader ecosystems, Denmark’s 
bioeconomy is today characterized by dense networks of formal and informal collabora=on 
spanning value chains, policy domains, and societal interests, enabling con=nuous knowledge 
exchange, itera=ve problem-solving, and adap=ve governance, allowing bioeconomy strategies 
to evolve in response to technological advances, environmental constraints, and societal 
feedback 

The transforma=on of dairy coopera=ves into enzyme producers, agricultural waste into biogas, 
and farming exper=se into precision fermenta=on capabili=es illustrates how Denmark has 
converted agricultural constraints into bioeconomy opportuni=es, supported by focused 
development of innova=on ecosystems ensuring coordina=on and innova=on through 
collabora=ve transla=onal research infrastructure, industry representa=on, in triple helix type 
collabora=ons.  

In addi=on to the cluster organiza=on, bioeconomy in Denmark is supported by highly enabling 
organiza=ons such as the BioInnova=on Ins=tute (BII), established in 2018 by the Novo 
Founda=on as an independent founda=on, which is an important Danish response to the 
challenges of transla=ng scien=fic excellence into commercial ventures. BII provides startups 
funding up to $US 3.5 million per project as well as dedicated infrastructure, network access, 
and business development support through Venture Lab, Bio Studio, and BII Quantum Lab 
programs.  BII has supported over 130 companies that aXracted more than 1.3 billion $US in 
external funding, while Danish biotech venture capital investment increased fourfold. BII 
welcomes interna=onal startups establishing Danish en==es to posi=on Denmark as a European 
commercializa=on hub, offering California companies poten=al EU market entry partnerships. 

Industry coordina=on primarily takes place through DI Biosolu1ons within the Confedera1on of 
Danish Industry. DI Biosolu=ons provides poli=cal representa=on and regulatory advocacy and is 
a founding member of the European Biosolu=ons Coali=on. This unified advocacy enables 
engagement on cross-cuZng regulatory barriers and shared infrastructure needs.  

Industrial symbiosis represents one of the most dis=nc=ve ins=tu=onal and infrastructural 
features of Denmark’s bioeconomy system. While many countries pursue circular economy 



ini=a=ves through technological innova=on or regulatory mandates alone, Denmark’s trajectory 
illustrates how symbiosis emerges through long-term coordina=on between firms, 
municipali=es, u=li=es, and regulatory ins=tu=ons.  

Rather than a single project or policy instrument, industrial symbiosis in Denmark has evolved 
as a governance prac=ce that links energy systems, material flows, water management, and 
biological produc=on into interconnected industrial ecosystems. 

7. Industrial Symbiosis and Circular Bioeconomy Infrastructure 
From an analy=cal perspec=ve, symbiosis should be understood as a structural layer within the 
Danish bioeconomy rather than an isolated sustainability ini=a=ve. It integrates upstream 
biomass produc=on with downstream industrial processes by enabling the cascading use of 
resources across sectors. Waste heat becomes district hea=ng, fermenta=on residues become 
feedstocks for energy recovery, and industrial by-products are redirected into adjacent 
produc=on chains. This infrastructure reduces environmental externali=es while simultaneously 
lowering produc=on costs and stabilizing industrial clusters. 

For American policymakers and researchers, especially in states such as California, where 
climate regula=on increasingly intersects with industrial policy, Denmark’s experience offers an 
alterna=ve model of circular industrial development. Instead of relying solely on subsidies or 
market incen=ves, Danish symbiosis networks rely on shared infrastructure, predictable 
regulatory frameworks, and ins=tu=onal trust. These elements create an environment in which 
firms are willing to invest in interdependent resource exchanges over long =me horizons. 

The Danish experience with industrial symbiosis can be understood through two 
complementary trajectories: the organic evolu=on of the Kalundborg Symbiosis and the 
deliberately planned infrastructure approach exemplified by GreenLab Skive. Together, these 
cases illustrate how symbiosis can emerge both through incremental industrial collabora=on 
and through inten=onal design. 

7.1 Case: The Kalundborg Symbiosis – the world’s first industrial symbiosis organically developed 
Located approximately 70 miles west of Copenhagen, the Kalundborg Symbiosis is widely 
regarded as the world’s first fully developed example of industrial symbiosis and a founda=onal 
case for circular bioeconomy principles in prac=ce. Unlike later, deliberately planned eco-
industrial parks, the symbiosis emerged organically from the early 1960s through direct bilateral 
agreements between companies in the area, generally seeking cost reduc=ons and opera=onal 
efficiencies in their management of waste streams and by-products, rather than from 
centralized environmental planning. 

Today, 17 public and private actors par=cipate in a dense network of resource exchanges 
involving energy, water, and materials. Key par=cipants include Novo Nordisk, Novonesis, the 



Kalundborg refinery, Ørsted’s biomass power plant, Gyproc’s plasterboard manufacturing 
facility, Bigadan’s biogas plant, Kalundborg U=li=es and Kalundborg Municipality. Together, 
these actors have established more than 30 exchange streams through bilateral agreements in 
which residual outputs from one process become valuable inputs to another. 

The Kalundborg Symbiosis exemplifies the cascading use of water, materials and biomass central 
to bioeconomy thinking. Surplus heat from power genera=on supplies district hea=ng for 
thousands of households and public facili=es; steam is delivered to industrial users for process 
hea=ng and steriliza=on; water is reused or recycled up to 6 =mes in a fit-for-purpose approach, 
residual biomass (solid and dissolved) is shared locally in place based biogas solu=ons, where 
organic carbon is converted to biogas, upgraded to biomethane and distributed via the loval and 
na=onal gas grid displacing fossil fuels in the local energy system, and where water and 
nutrients are recycled as agricultural fer=lizers and biogenic carbon dioxide captured. 

 
Table 4 Exchange of water, energy and materials at Kalundborg Symbiosis 

The environmental and economic benefits of the symbiosis are substan=al and well 
documented. The network has delivered significant reduc=ons in water use, greenhouse gas 
emissions, and waste genera=on, while genera=ng annual cost savings and new revenue 
streams for par=cipa=ng firms. These outcomes demonstrate that circular bioeconomy 
solu=ons can be built on sound business fundamentals, aligning economic incen=ves with 
environmental performance. 

The Kalundborg Symbiosis also illustrates the importance of collabora=ve governance. Industrial 
actors ini=ate and operate commercial exchanges, the municipality provides enabling 
infrastructure and regulatory support, and research ins=tu=ons contribute documenta=on, 
analysis, and innova=on. Since the establishment of the Symbiosis Center in 2011, the 
collabora=on has been ac=vely curated to iden=fy new synergies and share lessons 
interna=onally. Central to the model’s durability is the very high level of trust among 



par=cipants, a precondi=on for informa=on sharing, joint investment, and long-term 
commitment. 

As a case for bioeconomy development, the Kalundborg Symbiosis demonstrates that circular 
industrial ecosystems can emerge where economic incen=ves, ins=tu=onal support, and 
collabora=ve culture align. For California and other regions pursuing bioeconomy transi=ons, 
the key lesson is not the replica=on of specific exchanges, but the importance of crea=ng 
condi=ons allowing for and promo=ng cascading resource use, trust-based collabora=on, 
industrial leadership, local facilita=on and con=nuous adapta=on to take root.  

7.2: GreenLab Skive – A Greenfield Model for circular Bioproduc1on Parks 
Whereas the Kalundborg Symbiosis evolved organically over several decades, GreenLab Skive 
represents a deliberately planned greenfield approach in which circular economy principles and 
industrial symbiosis were embedded in infrastructure and governance from the outset. 
Established in 2019 as a public–private partnership between Skive Municipality, the Norlys 
energy u=lity, and private founda=ons, the 60-hectare industrial park was strategically located 
at the intersec=on of major electricity and gas infrastructure, with direct access to large-scale 
renewable energy genera=on. In 2021, the Danish government designated GreenLab as a 
regulatory test zone, enabling experimenta=on with new circular business models and direct 
renewable-energy connec=ons beyond standard grid regula=on. 

At the core of GreenLab is SymbiosisNet™, an integrated energy and data infrastructure that 
enables par=cipa=ng firms to exchange electricity, heat, gases (including hydrogen and biogas), 
water, and data in real =me. Tenant companies include biogas producers, pyrolysis and Power-
to-X technology providers, and manufacturers of bio-based ingredients. Together, these 
ac=vi=es demonstrate cascading biomass use by design: agricultural residues are converted into 
biofuels, biochar, and heat; surplus energy supplies district hea=ng; biogas is upgraded for grid 
injec=on; and nutrients are recycled back to agricultural soils. 

GreenLab opera=onalizes a triple-helix collabora=on model within a broader innova=on 
ecosystem. Universi=es including the Technical University of Denmark (DTU), Aalborg University, 
and Aarhus University use the site as a living laboratory for research on integrated energy 
systems and circular bioeconomy solu=ons. Governance follows an ac=ve “middle-out” 
approach, combining strategic public leadership with entrepreneurial flexibility. A dedicated 
opera=ng organiza=on manages shared infrastructure, iden=fies new synergies, and facilitates 
collabora=on among tenants, while GreenLab Academy supports workforce development 
aligned with industrial transforma=on. 

The significance of GreenLab Skive lies in demonstra=ng how greenfield industrial parks can 
deliberately integrate and opera=onalize basic bioeconomy principles from incep=on. Replicable 
design features include early investment in enabling infrastructure, regulatory flexibility, public–



private risk sharing, and ac=ve ecosystem orchestra=on rather than passive site development. 
By 2024, the park had aXracted more than DKK 3 billion in investment and created over 100 
jobs in a predominantly rural region. The project has been highlighted by UNIDO as a best-
prac=ce example of green industrial clustering. 

For regions seeking to accelerate bioeconomy transi=ons, GreenLab Skive illustrates how 
inten=onal design, suppor=ve governance, and ecosystem-based collabora=on can significantly 
shorten the =me required to move from concept to integrated, low-carbon industrial systems 

7.3 Compara1ve lessons 
Taken together, the Kalundborg and GreenLab Skive cases reveal two complementary 
trajectories through which industrial symbiosis can emerge: incremental evolu=on rooted in 
local industrial collabora=on and inten=onal design based on integrated infrastructure planning. 
While the historical development of Kalundborg illustrates how symbiosis can grow organically 
from pragma=c exchanges between firms, GreenLab Skive demonstrates how newer projects 
aXempt to embed circular resource flows directly into industrial park design. Despite these 
differences in origin, both pathways depend on governance frameworks that align 
environmental regula=on with industrial development strategies, enabling firms to treat 
resource sharing not as an experimental add-on but as a core component of long-term 
compe==veness. 

From a compara=ve perspec=ve, par=cularly for American policymakers and researchers 
examining industrial decarboniza=on strategies, the Danish experience suggests that symbiosis 
should be understood primarily as an infrastructural and ins=tu=onal challenge rather than a 
purely technological one. Advanced monitoring systems, digital plaPorms, and renewable 
energy technologies undoubtedly play important roles, yet the decisive factor lies in the 
governance arrangements that allow companies to coordinate investments, exchange 
opera=onal data, and build trust over extended =me horizons. The effec=veness of Danish 
symbiosis networks derives less from individual technological breakthroughs than from the 
stability of ins=tu=onal frameworks that make interdependence economically viable. 

The comparison between Denmark and California highlights a broader strategic ques=on: how 
can industrial symbiosis be implemented within a federal system characterized by ins=tu=onal 
diversity and market-driven innova=on? Rather than aXemp=ng to replicate Danish structures 
directly, U.S. policymakers may consider adop=ng a modular approach that combines state-level 
experimenta=on with federal support for infrastructure development. 

Several strategic implica=ons emerge: 

• Industrial symbiosis ini=a=ves should be embedded within broader climate and industrial 
policy frameworks rather than treated as isolated pilot projects. 



• State-level agencies, par=cularly in California, could func=on as conveners like Danish 
municipali=es, facilita=ng collabora=on between u=li=es, industrial firms, and research 
ins=tu=ons. 

• Federal funding programs may need to priori=ze shared infrastructure and long-term 
investment horizons to enable circular industrial ecosystems. 

Ul=mately, the Danish experience demonstrates that industrial symbiosis is both a technical 
solu=on and a governance strategy. For California and other U.S. regions, the challenge lies in 
transla=ng these governance principles into a context shaped by federalism, market 
compe==on, and rapid technological change.  

This is where well designed and targeted regula=on may have an important role to play. 

8. Regula,on  
Denmark has a long tradi=on of strict environmental regula=ons, increasingly also in the 
framework of the Danish membership of the European Union3. Denmark’s experience with 
circular bioeconomy development illustrates how environmental regula=on can func=on as an 
enabler of innova=on when integrated in a coherent policy design and adap=ve governance.  

European Union direc=ves on water quality, renewable energy, and waste management created 
predictable policy signals that encouraged investment in bio industrial innova=on. Denmark has 
leveraged these frameworks to integrate agriculture, energy, and life science sectors.  The 
Danish experience suggests that regulatory clarity, combined with flexible implementa=on 
mechanisms, can accelerate industrial transforma=on without undermining compe==veness. 

Since the 1970’s, regula=on has reshaped Denmark’s material and energy systems. 
The Environmental Protec=on Act of 1973 established a broad legal founda=on for 
environmental management, including waste, pollu=on control, and resource protec=on, which 
has guided subsequent regulatory development.  In 1978, Denmark introduced comprehensive 
laws on recycling, manda=ng minimum recovery rates for key materials, which helped embed 
recycling into na=onal policy goals. These measures were reinforced by the introduc=on of 
a landfill tax in 1987, designed to shiO waste flows away from disposal toward recovery and 
recycling, and by a ban on landfilling waste suitable for incinera=on and recycling in 1997, which 
effec=vely redirected material flows into recycling and energy recovery pathways. This 
legisla=on helped create predictable market condi=ons that supported investment in circular 
bioeconomy and bio solu=ons-related technologies. 

 
3 Denmark became a member of the European Union (then the European Economic Community) on January 1, 
1973. The Danish parliaments EU informa;on es;mates that just below 20% of all legisla;on adopted by the 
Danish parliament originates from the EU. Add to this of course the general effects of close ongoing collabora;on 
and joint policy coordina;on and development. Today, the broad principles of waste management in Denmark are 
laid out in EU regula;on, which also applies to the vision of a circular economy. 



More recent ini=a=ves include Denmark’s Circular Economy Strategy and Ac=on Plan (2020), 
which aligns na=onal waste and resource policies with climate neutrality objec=ves by 2030, 
emphasizing recycling, biomass u=liza=on, and decarboniza=on of the waste sector. In 2024, 
the Agreement on a Green Denmark (Green Tripar=te Agreement) introduced the world’s 
first CO₂-equivalent tax on livestock emissions as part of a broad poli=cal consensus process, 
together with land use changes and investment funds to reduce emissions and restore natural 
ecosystems (see case descrip=on below).  These instruments illustrate Denmark’s con=nued 
reliance on economic regula=on alongside nego=ated governance to drive sustainable 
transforma=on, including in developing pathways for biosolu=ons. 

The Danish approach aligns with the condi=onal or “weak” Porter Hypothesis in as much as 
well-designed environmental regula=on may s=mulate innova=on when it provides predictable 
signals and flexibility in compliance. Denmark’s strong emphasis on market-based and 
performance-oriented instruments, such as environmental taxes and pricing mechanisms, has 
generally allowed private operators discre=on in how environmental objec=ves are met, 
encouraging innova=on without prescribing specific technological solu=ons. 

That said, much work s=ll needs to be done at the na=onal, Danish, as well as European Union 
level, to adapt and develop smarter regula=on appropriate for the dynamics and con=nued 
development of bio solu=ons and the circular bioeconomy. Bio solu=ons oOen differ 
fundamentally from conven=onal products and techniques but are s=ll largely regulated by the 
exis=ng regulatory framework (as pointed out by Iris Group and others). 

It should be noted that Denmark combines ambi=ous environmental regula=on with a high 
degree of overall economic freedom, ranking 7th globally in the 2024 Heritage Founda=on Index 
of Economic Freedom, sugges=ng that stringent environmental policy can coexist with market-
oriented economic ins=tu=ons. 

8.1 The Green Tripar1te Agreement — Denmark’s Mul1-Stakeholder Approach to Agricultural 
Transforma1on 
In June 2024, Denmark reached a landmark poli=cal agreement known as the Green Tripar1te 
Agreement (AXale om et Grønt Danmark), seZng out a comprehensive framework for 
transforming Danish agriculture to reduce emissions, restore ecosystems, and improve water 
quality.  

The agreement is an example of Denmark’s ecosystem-oriented governance approach, bringing 
together the Danish government, agricultural organiza=ons (including the Danish Agriculture & 
Food Council), environmental NGOs such as Danmarks Naturfredningsforening, and poli=cal 
par=es and local authori=es to nego=ate climate, biodiversity, and water outcomes jointly.  

A major element of the agreement is the introduc=on of a CO₂-equivalent tax on livestock 
emissions, making Denmark one of the first countries to apply climate pricing directly to 



agricultural biological emissions. The tax is designed with a high deduc=on floor so that only 
emissions above defined performance benchmarks will be taxed, and revenues are intended to 
be reinvested into the transi=on through support funds.  

The agreement also includes ambi=ous land-use measures aimed at restoring peatlands and 
forests to sequester carbon and improve biodiversity. A new public Green Area Fund (Grøn 
Områdefond) has been established to finance land conversion, nature restora=on, and 
sustainable land-management incen=ves. In addi=on to climate mi=ga=on, the agreement 
targets nitrogen pollu=on and water quality issues in a broad and integrated approach to 
agricultural environmental performance. 

The Agreement is an example of advanced mul=-helix collabora=on combining also regulatory 
teeth and largescale government funding to address emissions. 

8.2 European Collabora1on and perspec1ve for future bioeconomy 
Denmark’s bioeconomy policy and regulatory framework are deeply embedded in the broader 
context of its European Union membership, with na=onal strategies aligned to the evolving EU 
priori=es. Late in 2025, the European Commission presented a renewed strategic framework for 
a compe==ve and sustainable European bioeconomy, building on the EU Bioeconomy Strategies 
of 2012 and 2018. The framework posi=ons the bioeconomy, valued at approximately €2.7 
trillion and employing more than 17 million people, as a pillar of Europe’s industrial 
compe==veness, aligned with the European Green Deal and the EU’s broader industrial and 
compe==veness agenda. 

The strategy defines the bioeconomy as the produc=on and conversion of renewable biological 
resources from land and sea into food, feed, bio-based products, materials, energy, and 
services. Core priori=es include cascading use of biomass with an emphasis on high-value 
applica=ons, innova=on in industrial biotechnology and biomanufacturing, and the 
development of regional bio economies to support rural development and climate ac=on. 
Circularity, ecosystem protec=on, food security, and sustainable land and forest management 
are emphasized as guiding principles. 

The updated EU approach links bioeconomy development and European strategic autonomy 
and industrial sovereignty, as bio-based value chains are framed to reduce dependence on fossil 
resources, cri=cal raw material imports, and vulnerable global supply chains, while 
strengthening Europe’s domes=c capacity to produce food, materials, chemicals, and energy. In 
this sense, the bioeconomy is increasingly posi=oned as part of Europe’s economic security and 
industrial resilience. 

Implementa=on relies on a combina=on of regulatory coordina=on and financial instruments. 
Key mechanisms include the Circular Bio-based Europe Joint Undertaking (CBE JU), a €2 billion 
public–private partnership funding projects through 2031, alongside Horizon Europe, InvestEU, 



and targeted support under the Common Agricultural Policy for agricultural and forest-based 
bioeconomy ac=vi=es. New coordina=on plaPorms, including regulatory and investment 
forums, are intended to accelerate market crea=on and deployment of bio-based solu=ons 
across sectors such as chemicals, construc=on, tex=les, and materials. 

The Net-Zero Industry Act (NZIA) provides an important framework for developing compe==ve 
zero-emission industries, including within the bioeconomy. The regula=on introduces 
obliga=ons for Member States while also offering enabling tools such as regulatory sandboxes, 
designed to accelerate innova=on, tes=ng, and deployment of new bio-based and low-carbon 
technologies. 

For Denmark, this evolving EU bioeconomy framework reinforces the exis=ng na=onal strengths 
in circular agriculture, industrial biotechnology, and its innova=on-oriented governance and 
ecosystems. The framework also illustrates how European bioeconomy policy has evolved from 
a sustainability-focused strategy into a core element of industrial transforma=on, 
compe==veness, and the management of long-term resource and climate challenges 

9. Conclusion: Governing Scarcity – Lessons from the Danish Bioeconomy
Denmark’s bioeconomy demonstrates that long-term compe==veness in a low-carbon economy 
is not primarily a func=on of resource abundance, but of ins=tu=onal capacity to coordinate, 
priori=ze, and innovate across sectors. As the system matures, a central insight becomes 
increasingly clear: the poten=al for cascading use of biomass remains far from fully realized, 
while at the same =me sustainable biomass is inherently limited. This creates a structural 
impera=ve for strategic alloca=on. 

Recent Danish developments reflect this shiO toward deliberate op=miza=on. Agricultural 
systems are gradually being reoriented toward green biomass for biorefining, where proteins 
are extracted for feed and food, while residual streams are successively valorized into materials 
such as tex=les and packaging, and ul=mately into energy. Parallel pathways are emerging in the 
use of biobased construc=on materials to subs=tute carbon-intensive inputs such as cement, 
enabling carbon storage, as well as in the integra=on of CO₂ capture from biogas upgrading with 
renewable hydrogen to produce new green fuels (PtX). These developments illustrate a 
transi=on from efficiency improvements toward system-level priori=za=on of biomass across 
interconnected value chains. 

Seen in this perspec=ve, Denmark’s bioeconomy is best understood not as a sector, but as a 
governed system in which agriculture, energy, industry, and research are linked through 
cascading resource flows, shared infrastructure, and adap=ve regulatory frameworks. The 
strength of the Danish model lies in its ability to transform environmental constraints into 
drivers of innova=on and industrial upgrading through long-term ins=tu=onal coordina=on.  



Some Danish Key Takeaways for California Decision-Makers are: 

o Move from pilots to system design 
Fragmented ini=a=ves will not deliver scale. Bioeconomy development requires integrated 
policy frameworks linking agriculture, energy, water, industry, and innova=on systems. 

o Recognize biomass as a constrained strategic resource 
California should develop explicit priori=za=on frameworks to allocate biomass toward 
highest value uses across food, materials, fuels, and carbon management. 

o Use regula9on as a strategic market-shaping tool 
Predictable, performance-based regula=on can simultaneously address environmental 
externali=es and accelerate innova=on, investment, and industrial transforma=on. 

o Build enabling infrastructure for circular value chains 
Scaling the bioeconomy depends on investments in shared systems: biogas, CO₂ 
infrastructure, hydrogen, water reuse, and digital coordina=on plaPorms. 

o Strengthen ins9tu9onal coordina9on and ecosystem governance 
Long-term compe==veness requires alignment across state agencies, universi=es, industry, 
finance, and local actors - moving beyond fragmented governance toward orchestrated 
ecosystems. 

o Link climate policy with industrial strategy 
The Danish experience shows that decarboniza=on and industrial compe==veness can be 
mutually reinforcing when policy, infrastructure, and innova=on systems are aligned. 
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