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From a global perspective, Denmark has 
one of the most efficient agricultural 
sectors in the world. In this white paper, 
we demonstrate that increased production 
is possible to combine with a reduced 
impact on climate and environment. This 
is achieved by maintaining a life cycle per-
spective on production. 

Decoupling agricultural production 
and environmental impact
The greenhouse gas emissions from the 
Danish agriculture and food production 
continue to decline – and the same 
goes overall for other environmental 
parameters. The driving force behind this 
development can be found in the sector 
itself. Innovative, motivated and entrepre-
neurial farmers and food companies as well 
as unique knowledge in the sector have in 
combination led to improved efficiency in 
production and substantial gains in climate 
and environmental impacts. Optimisation 
of breeding and feeding, improved uti-
lisation of nitrogen in crops, upgrading 
of bi-products and changes in tillage are 

among the main factors. Furthermore, the 
Danish food industry has a strong track 
record of water efficiency combining an 
increased food production with reduced 
water consumption.

Optimising the side stream  
from agri-food production 
As part of the solutions supporting climate 
and environment-friendly food production, 
the Danish agriculture and food cluster also 
utilises the bi-products to produce prod-
ucts of higher value. One example is the 
use of whey - a side stream from cheese 
production - to extract protein for human 
consumption. Another example is utilising 
animal waste for feed and energy – and in 
the future possibly for human consump-
tion as well. Bioenergy is still important 
and contributes with more than 70% of 
the total renewable energy production in 
Denmark. Most of the biomass comes from 
the agriculture and food production in the 
form of straw, manure, energy crops, ani-
mal by-products and other residues from 
food production. However, in the future 

the Danish agriculture and food cluster 
will continue to develop new high-value 
and innovative products from our waste 
stream - this is an important part of our 
support to the bioeconomy. 

Real life case solutions to meet global 
challenges
The Danish agriculture, food and agro 
industries have developed climate-friendly 
solutions to support food production 
since the 1970s. The solutions support 
sustainable food production as well 
as the transition towards a fossil-free 
and biobased economy. By a continued 
development in these focus areas, we can 
create jobs and economic growth, enrich 
nature and provide answers to some of the 
major global challenges which we all face. 
Highlighting state-of-the-art case exam-
ples from Denmark, this white paper shares 
some of the Danish experiences on how to 
maximise the potentials in sustainable 
intensive production and how we support 
the development of the bioeconomy. I hope 
you will be inspired. 

MORE WITH LESS
Sustainable growth in the Danish agriculture and food cluster

Producing more with less is the cornerstone of the Danish 
agriculture and food cluster - both in terms of maximising 

resource efficiency in production but also in terms of utilising 
residues. This also includes the concept of bioeconomy 1.

CEO of the Danish Agriculture & Food Council, Karen Hækkerup

Denmark is among the world leaders in 
sustainable intensive food production and 
innovative solutions in the bioeconomy. We 
have reduced overall climate and environ-
mental footprint, enhanced and increased 
our production
and are on the way to optimize the produc-
tion’s side stream to high-value products. 

Sources: DCE rapports no. 53 and 74, 2013 
and no. 101, 2014; cdr.eionet.europa and 
Statistics Denmark National account

1 Ref. http://ec.europa.eu/research/bioeconomy/pdf/201202_innovating_sustainable_growth_en.pdf
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ABOUT THIS WHITE PAPER
The aim of this white Paper is to share some of Denmark’s solutions and experiences on how to drive 
a biobased economy through resource-efficient production. 

we have gathered a selection of cases, each demonstrating opportunities and lessons learned from 
different industrial sectors, supported by state-of-the-art case examples. The content provides 
insights into developing a sustainable society with combined production of food, energy, resources 
and biomaterials, able to replace fossil resources both across and between industrial value chains. 

This white Paper is intended as a tool for inspiration using concrete and ready-to-be-implemented 
Danish technologies and solutions. As such, the cases found in this publication act as means to 
accomplish the goal of becoming entirely independent from fossil fuels, which Denmark aims to 
achieve by 2050. And importantly, to achieve this goal by illustrating solutions that are sustainable, 
not just in terms of the environment, but in terms of economics as well. 

we hope that you will be inspired.
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Novozymes and Monsanto have established the BioAg Alliance with the aim of discovering, developing, and delivering microbial 
solutions so farmers can increase crop yields with less input. Natural microbes, such as bacteria and fungi, replace or complement 
traditional fertilizers and pesticides, and Novozymes brings established research in microbial discovery to the partnership. 
Alongside Monsanto’s seeds and traits discovery, the BioAg Alliance develops next-generation microbial-based solutions to create 
thriving crops, fruits, and vegetables. 
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The demand for agricultural output is 
increasing rapidly. The UN projects that 
in the next 40 years farmers will need to 
produce more food than they have in the 
past 10,000 years combined. Meeting this 
demand, however, is not possible without 
an unreserved commitment to finding 
sustainable ways of engaging nature’s re-
sources. Through our bio-based solutions, 
Novozymes is paving such a way by helping 
our customers produce more with less 
across industries in agricultural production. 

Bio-technology in the food chain: 
Increasing agricultural output…
In promoting a sustainable use of resources 
in agricultural production, Novozymes’ 
solutions play a vital role: In crop produc-
tion, microorganisms increase yield and 
create healthier plants. In animal health and 
nutrition, digestibility-improving enzymes, 
microbiological solutions, and meat protein 

extraction enzymes enhance the nutri-
tional value of animal feed, promote animal 
health and wellbeing as well optimise meat 
extraction in slaughtering. when a farmer 
uses Novozymes’ solutions on a single 
hectare of land, meat production is thereby 
increased by 285 extra kilos, corresponding 
to a 12% improvement compared to con-
ventional production.

… while significantly reducing our 
land, water, and carbon footprint 
From the same single hectare of land, 
1,100 liters of ethanol and 1,600 kwh of 
electricity are produced as straw from 
the field can be processed into second 
generation bio-ethanol. Enzymes thereby 
reduce CO2 emissions equivalent to 1.8 tons 
per hectare as biofuels replace fossil fuels 
and inorganic feed phosphate is minimised. 
Novozymes’ enzyme technology thus 
provides food and energy from one and 

the same crop. This significantly reduces 
the land, water, and carbon footprints for 
biofuel – an indispensable optimisation of 
land-use in a resource-constrained world.

Think globally, act locally by using 
nature’s resources microscopically
Novozymes’ bio-solutions are making 
resource efficiency possible. Our bio-
technological solutions are used in over 
40 industries and contribute positively 
to a clever, sustainable use of nature’s 
resources. Through our pioneering bio-
based solutions across the food and energy 
chain, we think globally and act locally by 
utilising nature’s solutions microscopically: 
Together with our partners, Novozymes 
ensures that innovations at the microscopic 
level will meet the global demands of a 9.5 
billion world population in 2050.

BIO-BASED SOLUTIONS 
FOR A GROWING WORLD
Bringing biotechnological solutions into play across 
industries in agricultural production.

A growing world needs solutions that are fit for tomorrow: At 
Novozymes, we bring our biotechnological solutions into play 

across the entire biological value chain to make our innovations 
promote smarter, greener solutions for generations to come. 

Anders Kristoffersen, Public Affairs Manager, Novozymes A/S

Novozymes’ bio-based solutions are an in-
tegral part of the entire biological chain: Our 
enzyme help farmers increase grain yields, 
improve digestive and nutritional value 
of their animal feed and promoted animal 
health, increase meat extraction in slaugh-
tering, and utilise agricultural byproducts 
and waste for biofuel production – all while 
helping reduce CO2 emissions. In 2014, 
the application of our products reduced 
emission with 60 million tons, equivalent to 
taking 25 million cars off the road. 

BIO-BASED SOLUTIONS FOR A GROwING wORLD 7



Forage grass breeder, Morten Greve (bottom) 
acknowledges the improvements as he inspects 
his field trials. The development of a new variety 
takes on average 11 years. With Genomic Selection, 
Morten hopes to reduce this time to less than 8 years 
and simultaneously double annual yield gains.
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with a steadily increasing world popula-
tion, the demand for intensified feed and 
food production has never been higher. 
However, since there are no projections 
for expansion in arable land, there is only 
one way to meet the challenge: improve 
productivity at all stages in agricultural 
production. This is done most efficiently 
by maximiszing genetic potential in crop 
plants for yield, quality, and nutrient use 
efficiency (NUE). 

Plant breeding pays off at every level
In the entire chain from the farmer to 
the production plant, yield is the most 
important factor. Increased yield means 
improved farm gate economy, improved 
efficiency in biomass processing and 
decreased consumer costs. Improving 
quality has similar effects, as feed uptake 
will increase and biomass processing will 

be cheaper. These gains however, should 
come with no need for extra input, such as 
water and nutrients that will be limited in 
the future. The need for water and nutrient 
use efficiency is evident and new technol-
ogies are required to significantly improve 
these traits in tomorrow’s crops.

Genomic Selection – breeding plants 
by potential
Modern plant breeding has stepped into a 
new era of genomics-assisted breeding. 
Genomic Selection has the potential to 
at least double annual breeding gains, 
shorten product development time with 
up to 50%, and incorporate new traits such 
as NUE into existing breeding programs. 
In Genomic Selection, new plant varieties 
with improved traits are identified by their 
DNA profile, which holds the secret of their 
potential. with this technology new leaps 

in plant improvements are expected to 
appear over the next ten years. 

Danish Plant Breeding Companies In 
the front row of genomic Selection
DLF-TRIFOLIUM was the first company to 
implement Genomic Selection into forage 
grass breeding. Starting up just five years 
ago, Genomic Selection has now paved the 
way for a complete transformation of the 
breeding program, and in 2015, the first 
crosses based on Genomic Selection will 
be made. This is just the beginning. Danish 
cereal and potato breeding companies are 
now implementing Genomic Selection into 
their breeding programs. Together with 
university expert groups, these Danish 
seed companies have formed the alliance 
Crop Innovation Denmark that will drive 
crop innovation into the future.

MAX FEED AND FOOD PRODUCTION 
BY GENOMIC PLANT BREEDING
Improving yield, quality and nutrient utilisation by Genomic Selection

Improving crops by plant breeding is the most efficient and 
sustainable way to increase productivity in global agriculture. 

Every improvement at this level will amplify up in the feed, food, 
and bioenergy chain. Through Genomic Selection the frontiers 

for plant breeding gains are being lifted to a new level. 

Klaus K. Nielsen, DLF-TRIFOLIUM A/S

Genomic Selection has several advantages 
over traditional breeding. It improves the 
ability to select for multiple traits simul-
taneously by providing an index for each 
important trait. Properly implemented, 
Genomic Selection can also cut down 
development time by minimising needs for 
time-consuming field trials. Last, but per-
haps most significantly, Genomic Selection 
can identify genetic components which will 
ensure maximum yield, quality, nutrient 
use efficiency, or whatever trait may be 
important for future plant production.

MAx FEED AND FOOD PRODUCTION By GENOMIC PLANT BREEDING 9



Sustainable farming
Sustainable dairy farming strategy
Sustainable sourcing

Climate
-25% greenhouse gas emissions for processing, transport packaging
-30% greenhouse gas emissions per kg milk at farm level

Energy and water
Energy and water efficiency
50% of energy at sites from renewable sources

Zero waste
100% recyclability of packaging
50% reduction of product waste
0% waste at site level

Arla’s environmental strategy 2020 covers the whole value chain, from cow to consumer.
In 2020, Arla shall reduce greenhouse gas emissions by 30% per kg milk at farm level (compared to 1990) and by 25% for processing, 
transport and packaging (compared to 2005). Of the total energy used at sites 50% shall come from renewables. Focus is also on energy 
and water efficiency, as well as waste minimisation. Food waste shall be reduced with 50%, including consumer level.

10 SUSTAINABLE DAIRy PRODUCTION IN A LIFE CyCLE PERSPECTIvE



In 2011, Arla Foods launched its environ-
mental sustainability strategy. As the 
largest environmental impact occurs at pri-
mary production, it was only natural to also 
include farm level, besides the stages where 
Arla has a more direct influence, such as pro-
cessing, transport and packaging. Another 
aspect frequently discussed in relation to 
food security and resource efficiency is food 
waste, especially at consumer, why it was 
highly relevant to include consumer level as 
well. Thus, the environmental strategy has 
goals covering the whole value chain from 
cow to consumer.

Working together with farmers 
During the last years more than 2000 
carbon footprint assessments have been 
conducted, analysing the greenhouse gas 
emissions at Arla farms. Even though the 
focus is on greenhouse gases, much more 
knowledge is gained during these assess-
ments. One of the key drivers to have a low 
carbon footprint is to have an efficient use of 

resources (e.g. feed, fertilisers and energy) 
and healthy cows. Though carbon footprint 
can be rather abstract to talk about, more 
efficient resource use is motivating to most 
farmers. Also, efficient use of resources 
means less cost for production, which is an 
excellent example on when environment 
and farm economy goes hand in hand.

Reduce energy use and increase  
share of renewables
To reduce energy use, detailed analyses 
have been carried out on all Arla’s plants in 
Denmark and Sweden, and also some in UK, 
Germany and the Netherlands. Each plant 
has got a complete overview of the energy 
use and a detailed optimisation plan. One 
example is Rødkærsbro’s mozzarella dairy 
in Denmark, which has now halved its use 
of natural gas compared to previous years. 
Today, 18% of Arla’s total energy use comes 
from renewable sources and the green-
house gas emissions have been reduced 
with 14% at site level in 2014 compared to 

2005. The latter is despite an increase in 
production; hence per unit produced the  
reduction is even larger.

Waste less – the preferred way  
to get more
To ensure that what is produced is also con-
sumed, avoiding food loss and waste along 
the value chain, is one of the most important 
areas to focus on to reduce environmental 
impact. Focus on minimising product waste 
is important, in processing and logistics, 
but also at consumer level where much of 
the food waste occurs. In several of the 
countries in which Arla Foods operates, 
the company has very close dialogue 
with consumers through recipes on-line, 
smart phone-apps, as well as traditional 
recipe folders and cooking books. By being 
inspirational and by making it easy to do 
“the right thing”, Arla Foods believes more 
can be achieved than by more traditional 
instructional information. 

SUSTAINABLE DAIRY PRODUCTION 
IN A LIFE CYCLE PERSPECTIVE
From cow to consumer

Striving towards a more sustainable dairy production requires 
focus on the whole value chain – from cow to consumer. Using 

our resources in an efficient manner, i.e. produce more with less, 
is a natural part of sustainability and is high on the agenda at 

the dairy cooperative Arla Foods. 

Anna Flysjö, Life Cycle Sustainability Manager, Arla Foods

Carbon footprint assessments at farm level.
Arla’s sustainable dairy farming strategy was presented in 2014, 
covering the focus areas animal welfare, greenhouse gases, re-
sources and nature. Since many years Arla had its quality program, 
assuring high standards for e.g. animal welfare. Arla is also working 
for a more sustainable feed supply and last year Arla became 
the biggest purchaser of RTRS (Round Table of Responsible Soy) 
certificates. All feed used at all Arla farms are now covered with 
certificates (RTRS or similar).

SUSTAINABLE DAIRy PRODUCTION IN A LIFE CyCLE PERSPECTIvE 11
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SUSTAINABLE WATER USE IN  
THE SLAUGHTER INDUSTRY
Saving water, CO2 and energy without  
compromising food safety and production

Danish Crown has worked intensively 
with water efficiency for three decades 
and has since the middle of the 1980s 
continuously optimised the production 
processes, e.g. by purchasing new pro-
duction equipment with low water and 
energy consumption. The decrease in 
water consumption throughout the last 
25 years is shown below. 
In the last 10 years, Danish abattoirs have 
gone through a process of increasing au-
tomatisation in the production process, 
which has the side effect of greater 
water consumption for disinfection of 
the robots and cutting tools. At the same 
time, it has been a period with constantly 
increased demands to food safety. Even 
though new production processes have 
required more water for cleaning, the 
total water consumption has been re-
duced due to continued work with water 
efficiency undertaken by Danish Crown.

Producing more with less
Continuous focus on resource efficiency 
and sustainable production has made 
it possible to produce more with less. 
Danish Crowns production has declined 
with 5 percent from 1.71 to 1.63 million 
tonnes from 2005 to 2010 but the envi-
ronmental load has been reduced even 
more. water consumption has fallen by 16 
percent, energy consumption has been 
reduced by 11% and CO2 emissions have 
fallen by 24%. 

Food safety
Danish Crown constantly works on food 
safety enhancements – at the slaughter-
houses as well as in the production units 
of the suppliers. when it comes to food 
safety no compromises can be made. 
This is a challenge when at the same 
time setting ambitious goals for water 
efficiency. The challenges are many and 
solutions are, amongst others, sterilising 

equipment in 82 ˚C hot water and making 
the cooling of the production rooms more 
intensive. 

Obtaining further water savings in 
cooperation with Danish authorities
To ensure continuous progress on water 
savings and at the same time maintaining 
a high food safety standard, Danish 
Crown has joined the national innovation 
partnership INNO+ vIP. The innovation 
partnership has two goals: water sav-
ings and food safety. The Danish Food 
Authority is an active participant in the 
partnership where their role is to ensure 
high food safety standards when imple-
menting new water saving technologies 
in the production. New technology that 
is assessed as safe will be implemented 
in Danish Crown in close cooperation 
with The Danish Food Authority, relevant 
universities and technology providers.

The growing global population and economic activity increase 
pressure on the world’s water resources and water scarcity 

is now one of the biggest global challenges. The slaughter 
industry has a long tradition of water efficiency making it 

possible to increase the food production while  
at the same time reduce the use of water. 

Charlotte Thy, Environmental Manager, Danish Crown

Significant savings on water has been 
achieved through mapping and bench-
marking of the abattoirs’ performances 
along with weekly follow-ups of actual 
water consumption and purchasing of new 
resource efficient technology. As a result, 
Danish Crown has reduced water consump-
tion with 2/3. 

SUSTAINABLE wATER USE IN THE SLAUGHTER INDUSTRy 13



Kopenhagen Fur works continuously to produce more knowledge about fur and design in a sustainable context. In this regard, 
Kopenhagen Fur recently initiated a research project with the Design School Kolding about the sustainability of using fur as a 
design material. 
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Sustainability is a much debated topic in 
both the agriculture and food cluster as 
well as in the global fashion industry. Fur 
as a material has several interesting and 
undescribed sustainability aspects. The 
material is natural and hard wearing with 
a long life-cycle which often is inherited. 
For most people mink is only the fur it 
produces. And it is true that fur is the main 
product, however mink carcasses and mink 
fat are processed and used for example for 
energy purposes. This implies that nothing 
is wasted.

A Danish mink re-cycles leftovers
A Danish mink can easily be resembled as a 
small re-cycling wonder. A mink eats what 
is left when preparing food for humans 
and thus relieve the food industry with an 
environmental problem. The raw materials 
used for mink feed is often by-products 
of companies mainly meat off-cuts and 
fish. The Danish mink farmers produce the 
world’s finest mink fur and it is the quality 
of the feed in conjunction with good ani-
mal welfare that contributes to the high 
quality. when the mink has been skinned 
the mink carcasses and mink fat is used for 
production of biofuels and other energy 
purposes with an energy gain of 75%. 

Mink used in sustainable energy 
production
Mink fat is extremely energetic and very 
suitable for the production of biodiesel. 
Biodiesel are added to regular diesel to 
meet specific EU standards with the aim 

of greening transportation. The mink 
carcasses are processed into meat bone 
meal which is used for heating purposes 
and the ash from burning meat bone meal 
is recycled as a component of asphalt and 
concrete. The meat bone meal is also used 
for components of fertilisation which is 
used in several European countries. A 
minor proportion of mink carcasses 
are in addition to that used in bio-
gas plants. And on top of this the 
remains from the biogas process 
and sterilization are spread on fields 
where they again become part of 
the natural cycle. 

Fur is better than ‘faux fur’
It is often claimed that imita-
tions of fur, faux fur, is more 
environmentally friendly and 
sustainable than mink fur. 
A recent study prepared by 
DSS Management Consultants 
Inc. at the request of the 
International Fur Federation 
proves that throughout a lifecycle of 
30 years the faux fur has a 20%higher 
use of non-renewable resources and 
17% higher emissions of greenhouse 
gas compared to real fur. Kopenhagen 
Fur works continuously to produce 
more knowledge about fur and design 
in a sustainable context. In this regard, 
Kopenhagen Fur recently initiated a 
research project with the Design School 
Kolding about the sustainability of using 
fur as a design material. 

HOW MINK IS USED 100%
Biodiesel in the tank, heat in the  
radiator and fur on the body

Fur is a natural, reusable and biological degradable material. 
In Denmark, 100 % of the mink is used with zero waste. 

Kopenhagen Fur adds a successful story to how companies in 
the Danish agriculture and food cluster can produce more with 

less and have a circular approach to production. 

Sander Jacobsen, President, Public Affairs & Communications, Kopenhagen Fur

The Danish mink production is based on high animal welfare standard. 
Both the skin and the carcass is used 100 %.

HOw MINK IS USED 100% 15



Project management to implement the solution:

 2 months:  Pre-study
 1 month:  Project description and application for the Danish Energy Agency
 1 month:  Danish Energy Agency’s processing time
 1 month:  Final approval from the board of directors at Brewery Vestfyen
 5 months:  Planning and procurement
 4 months:  Construction work

14 months in total
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“It can’t be done”. “It is not possible to use 
renewable energy sources in production 
with variable consumption loads”. “It is also 
too expensive”. These are the words we 
often hear at Focus BioEnergy when we ap-
proach companies with our solutions based 
on primary biofuels. However, we have 
proven technology that demonstrates how 
this is in fact not the case, and we have 
shown that is both technically possible and 
economically sound to make the switch to 
renewable energy. 

Brewery Vestfyen 
Take for instance Brewery vestfyen, 
where two boilers running on 700,000 
litres of heating oil each year have been re-
placed with a boiler running on wood chips 
sourced from residual wood in the Danish 
forestry and wood works industry, which 
has been producing CO2 neutral energy 

since January 2015, with an expected year-
ly consumption of 10,000 m3. The brewery 
is medium-sized with a yearly production 
of cans and bottles containing beer and 
soft drinks exceeding 120 million units. The 
brewery uses steam at 5 bar for a number 
of different processes, of which a few 
run around the clock, while most process 
run between a few minutes to 3-4 hours. 
The yearly energy consumption is around 
30,000 GJ, with highly variable energy 
consumption across the day. 

The secret lies in the pressure 
The secret to overcome the challenge of 
variable consumption lies in the high pres-
sure boilers, which, at Brewery vestfyen, 
utilises steam at 60 bar at 280 0C, as well 
as designing the solution in such a way, 
that the entire system acts as a spring for 
fluctuations. The 14 month time span to 

implement the solution came at a cost of 
EUR 2.05 million with a simple payback time 
of 2.6 years. 

Saving 2000 tonnes of CO2 each year 
Having spoken with Poul Mark, Managing 
Director at Brewery vestfyen about 
the solution, they are pleased with the 
environmental, technical and economical 
outcomes of implementing our technology. 
“Naturally, shifting from one energy source 
to another in production is not just done 
overnight. we consume a lot of energy 
when our production is running, and we 
are dependant on a sustainable solution, 
not just in terms of the environment, but 
most importantly in terms of technological 
sustainability – and a sound investment 
case. Naturally, we are very proud that 
we can cut our CO2 emissions with such an 
amount – and do it at once,” says Poul Mark. 

FROM FOSSIL FUELS  
TO RENEWABLES IN  
BREWERY PRODUCTION
Switching to primary biofuels at Brewery Vestfyen

The shift from heating oil to wood chips, sourced from residual 
wood in the Danish forestry and wood works industry, 

demonstrates that it is not only environmentally  
sustainable – it is also a good business case. 

Jens-Ole Aagaard Jensen, Manging Director at Focus BioEnergy
Poul Mark, Managing Director at Brewery Vestfyen

Economics behind the solution:

Machinery and planning:  EUR 1.65 million
Building and infrastructure:  EUR 0.44 million
Grant from the Danish Energy Agency: EUR 0.94 million
Self-payment:  EUR 1.15 million

Simple payback time:  2,6 years
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With a yearly production of 150,000 tonnes of fishmeal and 50.000 tonnes of fish oil and exports totaling EUR 400 million, Denmark is 
Europe’s leading producer of fishmeal and fish oil. On a global level, Denmark is the seventh largest producer of fishmeal and the fourth 
largest producer of fish oil. Production is based partly on fresh landings of small, oily, short-lived fish with no or very little demand for 
direct-human consumption,partly trimmings (left-overs) from the fish processing industry.

18 FISHMEAL AND FISH OIL  FOR THE FUTURE18 FISHMEAL AND FISH OIL  FOR THE FUTURE



Aquaculture is one of the fastest growing 
food production sectors in the world today. 
The increasing global demand for food has 
meant that aquaculture has leapt from a 
3.2% share of total fisheries production in 
1950 to 47% in 2011.Marine ingredients 
are needed to produce healthy fish rich in 
omega 3. Access to fishmeal and fish oil is 
therefore essential for a further develop-
ment of the global aquaculture production.
The increased global demand for omega-3 
during the last two decades - due to greater 
awareness of their health benefits to both 
humans and animals - has led to growing 
pressure on the global supply of omega-3 
products, such as fish and its by-products. 

Brings the nutrients from the ocean  
to the human food chain
More than 25% of the global fishmeal and 
fish oil production is based on offcuts from 
the processing of fish for direct human 
consumption. In the process of filleting, 

up to 60% of the fresh fish canbe cut off 
and treated as waste. These by-products 
contain valuable fish protein and oils, and 
when used for fishmeal and fish oil, full 
use is made of the natural resources. The 
industry thus adds value to this otherwise 
unused raw material and provides a conduit 
to get the nutrients from the ocean to the 
human food chain.
Responsibly sourced fishmeal and fish oil 
from direct landings of fish for feed, have a 
small eco-footprint. Studies show that the 
cumulative energy use and greenhouse gas 
emissions generated in the production of 
some fishmeals and fish oils are less than 
those generated in the production of com-
mon agricultural ingredients used in salmon 
diets.

Energy efficiency 
Production of fishmeal and fish oil re-
quires energy. A dedicated effort by the 
industry has reduced energy consumption 

effectively. At the same time, surplus heat 
from the production is efficiently trans-
ferred to local heating systems. In Skagen, 
at the very northern tip of Denmark, the lo-
cal fishmeal factory provides approximately 
25% of the community ś heating saving 
the local community considerable cost and 
making best use of resources. 

Oily fish are the major source of  
omega-3 fatty acids EPA and DHA
Oily fish are the major source of omega-3 
fatty acids EPA and DHA, recognised 
world-wide as a key factor in human health. 
Thanks to fishmeal and fish oil production, 
EPA and DHA contained in these fish can be 
returned to the human food chain via fish oil 
supplements, as well as via farmed fish and 
even livestock. Denmark plays a leading role 
in this sustainable utilisation of the ocean’s 
resources.

FISHMEAL AND FISH OIL  
FOR THE FUTURE
Making full use of the ocean ś resources

Denmark is a leading global producer of fishmeal and fish oil, 
recognised as important marine ingredients with an increasing 

global demand. Used for aquaculture, human consumption  
and animal feeds the products bring the important omega-3 

fatty acids EPA and DHA into the human food chain via  
farmed fish and fish oil supplements. 

Managing director, Anne Mette Bæk Jespersen, Marine Ingredients Denmark

Production of fishmeal and fish oil requires energy. A dedicated 
effort by the industry has reduced the energy consumption 
effectively. At the same time, surplus heat from the production is 
efficiently transferred to local heating systems. In Skagen at the 
very northern tip of Denmark, the local fishmeal factory provides 
approximately 25% of the community´s heating, saving the local 
community considerable costs and making best use of resources. 
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Bacteriology in the process water must convert the carbon to biopolymers. Development of the operating parameters, which is 
the bedrock for the bacteria, is observed through test samples, which are analysed at a laboratory. The test results constitute the 
foundation for continued work.
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The waste residuals from food production 
are rich in carbon, which represents a val-
uable resource. The environmental impact 
of food production is minimised by reusing 
this carbon in the process water for biopol-
ymer production instead of converting it 
into CO2, as done in conventional water 
treatment. Sustainable use of the process 
water residuals is both economically and 
environmentally beneficial. 

Reduce the environmental impact by 
resource recovery
The process water from KMC has been 
difficult to treat to meet the local regu-
lations. Therefore, at the KMC process 
water treatment plant many optimisations 
and technological investments have been 
made over the years improving the treat-
ment of the process water. However, the 

carbon rich process water is a resource and 
in cooperation with Krüger A/S, funded by 
the Danish EPA (MUDP), a pilot project is 
now looking into the prospects of reusing 
the carbon in the process water to produce 
biodegradable biopolymers for plastic 
production with Anoxkaldnes Cella™ 
Technologies. This will reduce the environ-
mental impact by less CO2 emissions, less 
waste production, less energy consump-
tion, while producing a value-added prod-
uct in the form of completely biodegrad-
able polymers. These biopolymers can be 
used for the production of biodegradable 
plastics.

Waste management drives the 
resource efficiency and recovery 
Sustainable increased food production 
is possible when keeping control of the 

waste management and prioritising re-
source recovery. when implementing the 
circular approach into the production it 
reduces the expenses to waste manage-
ment and concomitantly reduces the en-
vironmental impact. This leaves room for 
production expansions without increased 
waste production.

Technology development and 
resource recovery
Denmark is known for its technological 
solutions for treatment of waste streams 
in combination with resource recovery. 
The increasing awareness of the value 
of biomasses for energy production and 
resource recovery drives the innovation 
of technological solutions to produce 
more with less. waste is a resource not a 
problem.

CARBON REUSE FROM RESIDUALS 
OF FOOD PRODUCTION
Enabling process water to produce biodegradable  
biopolymers for plastic production

We are turning the treatment of our process water into a 
production of biodegradable biopolymers. By focusing on 

integrating residual management into a bio-based circular 
economy, new products are generated, while less waste is 
produced. The new technological solutions will reduce the 

environmental impact of our production.  
Waste is a resource not a problem. 

Jesper M. Jensen, Technical Director, KMC 
Aviaja A. Hansen, Process Engineer, Krüger A/S

Ariel photo of KMC’s biological wastewaster 
treatment plant, where the process water 
from KMC’s production is cleaned using 
traditional methods before it is discharged. 
The plant acts as a test facility for produc-
tion of biodegradable biopolymers. 
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Production of agricultural products is a core area for DLG and requires great amounts of energy.
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AN INTEGRATED APPROACH TO 
SUPPLY CHAIN MANAGEMENT
Combining strategy and common sense

In DLG, focusing on resource efficiency 
comes naturally and combines the overall 
business strategy and common sense. 
In April 2014, DLG’s group management 
adopted a group-wide CSR policy with 
three over-arching principles of having 
an approach to CSR that is strategic, sig-
nificant and practical in order to ensure 
that the company is able to create value 
over the long run. It has become a key goal 
of DLG to become as energy efficient as 
possible.

Resource efficiency as a prerequisite 
for sustainability and competitiveness
Energy is one of DLG’s most important 
resources in production and logistics. 
In order to contribute to the most sus-
tainable development, DLG strives to 
be effective and innovative in its use of 
technology and resources. DLG works 

towards becoming as energy-efficient as 
possible, while still maintaining focus on 
creating value for both the environment 
and our customers. DLG works continu-
ously to systemise and structure the CSR 
initiatives in energy and environment so 
as to cover the entire DLG group – espe-
cially core areas such as production of 
agricultural products and logistics.

Producing with less
The overarching goal in DLGs agricultural 
products production is to implement con-
crete projects equating savings of 2% per 
year for the specific energy consumption 
type. The goal for 2014 was more than 
reached as the feed production facilities 
in DLG, Svenska Foder and HaGe realised 
a total saving of 4.3% in 2014. This was 
achieved by implementing more than 30 
optimising projects incl. installation of new 

energy efficient equipment, new energy 
sources and better knowledge sharing.  

Greater flexibility in logistics
DLG works with the One-Touch concept, 
intended to ensure optimal flow and 
placement of goods. This has lead to a 
transportation reduction equivalent of 
180.000 tons in 2014 because of correct 
initial placement. 
A larger planning window for feed allows 
for greater flexibility and the possibility 
to better optimise logistics and thereby 
reduce environmental impacts. This 
makes it possible to optimise production 
and delivery so it takes place from the 
facility closest to the customer, whilst 
also making more efficient use of pro-
duction and transport capacity. Thereby, 
the use of energy resources is optimised 
throughout the supply chain. 

As the second-largest agricultural company in Europe DLG 
plays an important role as both purchaser and supplier of raw 

materials, crops, feed and other inputs in the primary stage 
of foodstuff production. An integrated approach to the supply 

chain is fundamental to optimising the utilisation of resources. 

Johanne Rønnow Olsen, Deputy Manager, Supply, DLG

In the transport and logistics area there 
is a common focus on reducing energy  
consumption as much as possible.
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The Danish start-up Advanced Substrate Technology has re-
ceived support from Agro Business Park from the very beginning. 
Recently, Advanced Substrate Technology opened their office in 
Agro Business Park in order to continue this cooperation. 

Agro Business Park is Denmark’s only science park specialising in 
knowledge based innovation and entrepreneurship within agricul-
ture, bioenergy, environmental technologies and food processing. 
For more information, please visit www.agropark.dk 

24 ADvANCED SUBSTRATE TECHNOLOGy: BIOENERGy  AND FOOD PRODUCTION IN  THE CIRCULAR BIOECONOMy24 ADvANCED SUBSTRATE TECHNOLOGy: BIOENERGy  AND FOOD PRODUCTION IN  THE CIRCULAR BIOECONOMy



Mushrooms are an important part of the 
daily intake in many regions around the 
world. It is expected that the consump-
tion of conventional and more exotic 
mushrooms in Europe will grow by 5% 
per year. This growth in demand calls 
for sustainable solutions in order to 
decrease the environmental impact of 
this intensive food production. Advanced 
Substrate Technology has developed a 
concept where mushroom cultivation 
takes its position in a sustainable circular 
bioeconomy. 

Nitrogen rich substrate 
Even though bacteria in a biogas reactor 
is effective in converting biomass into 
energy and high quality fertilisers, the 
process does not convert components like 

lignin and cellulose. By drying and mixing 
this with other organic material, and 
afterwards pelletising it through a new 
process the result will be a nitrogen-rich 
substrate highly suitable for mushroom 
cultivation. As part of the growth process, 
the mushrooms break down the elements 
that the bacteria in the biogas reactor 
cannot. 

The circle closes
After cultivation, the mushroom sub-
strate will be a valuable input to the 
biogas reactor. The overall result is a 
better exploitation of the energy po-
tential in the biomass, and a sustainable 
mushroom production. This concept ben-
efits all stakeholders in the Food waste 
– Food Production - Bioenergy value chain. 

Advanced Substrate Technology believes 
that the New Substrate process will 
sustain and create important jobs in rural 
areas.

Existing technologies  
in a new context
The New Substrate process is based on 
existing technologies in industries where 
Denmark has a stronghold; The Danish bi-
ogas industry has developed through pub-
lic regulations promoting proper nutrient 
management and the Danish food sector 
is widely considered to be among the most 
effective and innovative in the world. 
Through Advance Substrate Technology, 
nutrient management, bioenergy produc-
tion and sustainable food production goes 
hand in hand. 

ADVANCED SUBSTRATE 
TECHNOLOGY: BIOENERGY AND 
FOOD PRODUCTION IN THE 
CIRCULAR BIOECONOMY
New concept to produce high quality mushroom  
fertiliser based on biogas residues

The Danish start-up company Advanced Substrate Technology 
turns residues from biogas production to high quality substrate 

for mushroom cultivation. After being used for mushroom 
cultivation, the substrate from the food production can be 

re-used in a biogas reactor. 

Jacob Mogensen, Innovation Manager, Agro Business Park

By creating a value circle between biogas production, mushroom production and energy and nutrient recovery it is 
possible to:

   Generate high value growth media that is the basis for high value food production
   Increase the feasibility of mushroom production by using a cheaper and transportable advanced substrate
  Increase the feasibility of biogas production by re-entering the spent mushroom substrate back into biogas production
   Increase energy efficiency from existing 50-55% to 80-85% of biomass in biogas production
   Recover nutrients from biogas production
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REnescience utilizes enzymes to recover value and energy from unsorted municipal solid waste. When adding the enzymes the organic 
fractions is liquefied and the other parts are effectively cleansed and separated for recycling. The bioliquid is highly suitable for green 
biogas production.
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On a global scale, we see a growth in 
population, and the demand for energy 
increases. This creates a greater need 
for recycling of our waste to get as much 
resources out of our products as possible. 
The EU has a target that 50% of the solid 
waste from households, such as plastics 
and metals, are to be reused in 2020. 
Currently only about a quarter of the waste 
is being reused. Every year, EU member 
states dump approx. 80 million tonnes of 
waste on landfills, and valuable resources 
are lost.

Two enzyme-based technologies for 
residual and waste management
During the last decade, DONG Energy 
has been working on two enzyme-based 
technologies that converts agricultural 
residues and ordinary household waste to 
valuable resources such as second gener-
ation bioethanol, biogas and other types 
of bioenergy. The two biotechnologies 
can contribute to handle the global chal-
lenge. The bio-based technologies, called 
REnescience and Inbicon, fit in well with 

the increasing focus to recycle a large part 
of our waste, and ensure an efficient and 
flexible use of the resources of waste.

REnescience – converts unsorted 
household waste to bioliquid 
REnescience recovers valuable products 
from unsorted municipal solid waste. 
Plastics and metals are separated very 
efficiently and can be recycled and reused 
for the production of new products. The or-
ganic fraction is converted into renewable 
energy. 
REnescience is a tried-and-tested tech-
nology. In Denmark, the Municipality of 
Copenhagen is analysing the possibilities 
to establish a full-scale plant handling 
160,000 tonnes of waste a year. Several 
other countries are looking at the 
REnescience technology as part of the 
solution for their future waste handling. 

Inbicon - residual products from  
agriculture become valuable fuel
The Inbicon technology handles agricultur-
al waste turning products such as wheat 

straw, corn stover or bagasse into second 
generation bioethanol and valuable prod-
ucts. Bioethanol is highly suited to lower 
carbon emissions in transport sector and 
the other valuable products from the pro-
cess can generate additional sustainable 
energy. The by-product waste lignin can 
be burned in power plants to produce 
renewable electricity and district heating, 
and the biogas produced from remaining 
unconverted biomass can either be used 
for production of green power or upgraded 
to natural gas quality and injected into the 
gas grid.
The Inbicon technology is a proven technol-
ogy, which has been tested in continuous 
operation for more than 15,000 hours at 
our demonstration plant in Denmark. 
The focus of both bio-technologies is to 
make more out of less turning waste into 
valuable products that can lower our need 
for fossil fuels. 

NEW BIO SOLUTIONS
Moving into biobased societies – value from residues and waste

We need to recover lost value to tackle global challenges, 
which can be done through utilising agricultural residues 
and ensure recycling of our ordinary household waste to 

develop sustainable energy products. Two enzyme-based 
biotechnologies can do just that. 

Henrik Maimann, Vice President in DONG Energy and CEO of New Bio Solutions

Using the Inbicon technology, residual products such as straw from agriculture – i.e. unlike first-generation bioethanol not potential food 
products – are converted to renewable fuel that can be used to supplement gasoline in transport. Bioethanol can also be used instead of oil 
in many different products such as plastic and a whole range of chemicals.
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Behind the concept stands a consortium of companies consisting of energy company DONG energy, enzyme producer Novozymes, 
local utility companies Vestforsyning and Struer Forsyning.
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The Maabjerg Energy Concept envisions 
a comprehensive, sustainable energy 
solution, based on local and CO2 neutral raw 
materials, using the latest bio refining tech-
nologies. The concept satisfies several aims: 
it produces heat and electricity through 
a biomass fuelled CHP plant, it produces 
biogas from local household waste, and it 
produces second generation transport fuel 
from straw and other annual plants, as well 
as uses the remaining nutrient as fertiliser. 

Synergy between individual solutions
The total investment budget for the entire 
energy concept is about EUR 360 million 
– of which EUR 240 million is allocated to 
construct a new bioethanol plant, and in a 20 
year perspective, Maabjerg Energy Concept 
expects a positive net result. Key to the 
concept is bringing together specific tech-
nologies in a holistic system concept, and 
utilising the synergy gained between the 
individual solutions as efficiently as possible.
In 2014 the EU Commission has awarded the 
Maabjerg Energy Concept EUR 39 million in 
funding from the NER300 programme.

Bioethanol plant for transport fuel 
and energy production
The upcoming bioethanol plant will use 
DONG Energy’s Inbicon technology to pro-
duce more than 70 million litres 2G bio-etha-
nol based on approximately 300,000 tonnes 
of straw. Residue from the bioethanol pro-
duction, which consists of fibre and vinasse, 
is used for energy production. The fibre is 
used to produce steam (and electricity) in 
the cogeneration plant, and the vinasse is 
used as raw material for biogas production.

Upgraded biogas using wind power
The biogas plant processes up to 800.000 
tons of biomass yearly, of which about 
500,000 tons are liquid and solid manure, 
supplied by the local farming community. 
Along with manure, the plant co-digests 
wastewater sludge, dairy waste and food 
waste, producing 20 million Nm3 biogas 
for use in district heating and electricity 
generation, as well as digestate for use as 
fertilizer and fibres. when 2G bioethanol 
production begins, the biogas production 
volume is expected to increase to a total of 

50 million Nm3 biogas annually.Biogas that 
cannot be used in the process and/or locally 
will be upgraded to sustainable energy gas 
and distributed, stored and sold through the 
existing natural gas network.
The energy in the fibre from the biogas plant 
and the lignin from the ethanol production 
is designed so that the nutrients in the fibre 
and lignin are collected and recycled. In par-
ticular, using the phosphorus is essential, 
since this component has a large and global 
significance.

District heating grid acts as a cooling 
medium
The combined system is dimensioned so 
that the local heating market can take the 
whole heating load from the plant, without 
energy being lost to additional cooling. The 
district heating grid acts as a cooling medium 
for the steam required to produce ethanol, 
so the extent of the ethanol production and 
the amount of raw materials is based on the 
district heating system’s base load. 

FINDING SYNERGY BETWEEN 
BIOGAS, ETHANOL, HEAT AND 
POWER GENERATION
Maabjerg Energy Concept showcases an innovative technological 
approach to energy economics and sustainability, through the capture 
and re-use of industrial and household by-products.

The concept merges several energy supply objectives in a 
holistic system concept, where the synergy between the 

individual solutions is used with great effectiveness by utilising 
the energy and resource streams between the individual plants. 

Jørgen Udby, CEO of Maabjerg Energy Concept

The concept reduces the climate load by 
172,000 tons. The intended application 
of new incineration technology means 
that the concept can collect and use the 
nutrients in the materials that are inciner-
ated, including 240 tons of phosphorus. In 
addition, nitrate and phosphorus leaching 
to the aquatic environment will be reduced 
by 25 and 75% respectively for the liquid 
manure that was added to the original 
Maabjerg BioEnergy project. 
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CF Nielsen, Biofuel Technology and Kinetic Biofuel are all members of the Danish Innovation Network for Biomass. The foundation for 
Kinetic Biofuel, the idea to briquette straw to biogas, was the result of one the network activities. For more information about Kinetic 
Biofuel, please visit www.kineticbiofuel.com. The work was supported by Central Denmark Region

INBIOM is one of 22 national innovation networks under the Ministry for Education and Science. The networks unite scientists, companies 
and public authorities in the creation of innovation and growth. For more information, please visit www.inbiom.dk 
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with a livestock density among the highest 
in the world and a sensitive aquatic envi-
ronment, it has been necessary for Danish 
public entities to support and enhance the 
development of innovative and environ-
mentally friendly technologies for handling 
livestock manure. This has resulted in 
an awareness of the many advantages 
of utilising manure for energy purposes. 
Nevertheless, biogas production based 
solely on watery biomasses such as liquid 
manure is not an economically sustainable 
business – dry biomasses are needed but 
have traditionally been challenging to 
convert into energy. 

Pre-treatment through briquetting
Residual straw has so far not been easy to 
use in biogas plants, as it has been difficult 
to mix with slurry and untreated straw 
will inevitably cause floating layers in the 

reactor. However, by briquetting the straw, 
the characteristics change, so that animal 
manure and straw can be co-digested 
effectively and provide for economic and 
sustainable biogas production. 
Tests and demonstrations in Denmark 
show that using straw briquettes together 
with livestock manure, doubles the gas 
production, making biogas production 
both an environmental and economically 
sustainable business. 

Private/Public cooperation resulted 
in innovation and entrepreneurship
The two Danish companies CF. Nielsen and 
Biofuel Technology have developed the 
straw briquette concept together with bio-
gas specialists from Aarhus University. The 
university’s demonstration environment 
was the ideal place to test the effect on gas 
production when mixing briquetted straw 

with manure in a biogas reactor. The result 
of the partly public funded innovation pro-
ject was the establishment of the company 
Kinetic Biofuel - bringing the concept to the 
market. 

Biogas is an important part of a 
sustainable agricultural sector
In Denmark, livestock manure has always 
been considered an important resource 
for bioenergy and fertiliser. Re-circulating 
nutrients through biogas production is 
important to reduce the dependency on 
scarce nutrients like phosphorous, but 
also to reduce the environmental impact 
from an industrialised agricultural sector. 
Kinetic Biofuel’s concepts enable even 
more manure and straw to be converted to 
bioenergy and high value fertiliser.

BRIQUETTES FROM RESIDUAL 
STRAW BOOST BIOGAS 
PRODUCTION WITH 100%
Unique briquette concept from residual straw  
doubles gas production at biogas plants

Worldwide, very large quantities of cellulosic crop residues 
are produced each year. However, straw residues are still 

an abundant biomass resource in Denmark. Collecting and 
briquetting this surplus cereal straw converts it into an 

available resource for sustainable bioenergy production,  
which now includes the production of biogas  

at manure based biogas plants. 

Mr. Claus Mortensen, Project Manager at Agro Business Park  
and The Danish Innovation Network for Biomass

Straw briquettes reduce transport costs 
since each truck can carry more load. 
Consequently, it is possible to transport the 
straw over greater distances at low cost 
and still maintain profitability in biofuel 
production. Straw briquettes have a bulk 
density of about 550 kg per m3 , where a big 
bale has a density of about 150 kg per m3 . 
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Hjørring: 6 mio. m3/year (jan. 2014)

Supply: HMN Naturgas I/S

Hjørring: approx. 2,2 mio. m3/year (aug. 2014)

Supply: HMN Naturgas I/S

Brønderslev: approx. 6 mio. m3/year (dec . 2014)

Supply: HMN Naturgas I/S

Aalborg: approx. 9,3 mio. m3/year (medio 2015)

Supply: HMN Naturgas I/S

Skive: approx. 4 mio. m3/year (nov. 2015)

Supply: HMN Naturgas I/S

Skive: approx. 4 mio. m3/year (oct. 2014)

Supply: HMN Naturgas I/S

Horsens: approx. 7 mio. m3/year (jul. 2014)

Supply: DONG ENERGY

Tarm: approx. 6,7 mio. m3/year (medio 2015)

Supply: HMN Naturgas I/S

Fredericia: approx. 3 mio. m3/year (aug. 2011)

Supply: DONG ENERGY

Holsted: approx. 12 mio. m3/year (ultimo 2015)

Supply: DONG ENERGY

Vejen: approx. 6 mio. m3/year (ultimo 2015)

Supply: DONG ENERGY

Tønder: approx. 35 mio. m3/year (primo 2016)

Supply: DONG ENERGY

Vojens: approx. 21 mio. m3/year (medio 2016)

Supply: Energinet.dk

Info: HMN Naturgas - Gra�k: MIE DISSING

Aabenraa: approx. 35 mio. m3/year (medio 2016)

Supply: DONG ENERGY

Faaborg: approx. 10 mio. m3/year (ultimo 2015)

Supply: NGF Nature Energy

Bogense: approx. 9 mio. m3/year (spring 2016)

Supply: NGF Nature Energy

Avedøre: approx. 2,5 mio. m3/year (medio 2016)

                         Supply: HMN Naturgas I/S

Existing 
project

Upgrading facility 
in operation

Planned 
project

Wastewater tank

Animal waste

BIOGAS IN THE NATURAL GAS GRID

Increasingly more natural gas customers in Denmark are now supplied with CO2-neutral biogas in their houses, instead of natural gas. This 
is because energy companies as a part of the green transition, have started to feed so-called upgraded biogas into the natural gas grid. The 
total amount of upgraded biogas will fivefold compared to today by the end 2016. 
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By the end of 2015, the Danish natural gas 
distribution companies HMN Naturgas, 
DONG Gas Distribution, NGF Nature Energy 
and E.ON will send around 76 million m3 of 
upgraded biogas into the natural gas grid, 
doubling the current production capacity 
of 32 million m3.
And by the end of 2016, the total capac-
ity will reach about 179 million m3. This 
corresponds to supplying approximately 
100,000 single-family houses with heat, 
and will provide an annual CO2 saving of 
about 400,000 tonnes.

Injecting biogas into the  
natural gas grid
In order for biogas to be injected into 
the gas transmission network, it must 
be of a quality similar to that of natural 
gas, therefore it has to be upgraded to 
so-called upgraded biogas. Biogas is 
produced at a biogas plant and subse-
quently upgraded to bio natural gas at 
upgrading facilities through the removal 
of CO2 through purification. The quality 
is now comparable to that of natural gas 

and once injected into the gas network, 
it can be traded commercially on an equal 
footing with ordinary natural gas, and bi-
ogas producers can sell their biogas in the 
internationally connected gas market and 
obtain the gas price applicable at any time.

Direct climate effects
That biogas is used as a substitute for 
natural gas to heat and power Danish 
households and bears no economic or 
practical significance to the individual 
end-consumer. However, it has a direct 
effect on the climate. By substituting 
natural gas with biogas carbon emissions 
are reduced significantly, as biogas is a 
CO2 neutral energy source produced from 
residual sources, among other things, ma-
nure, surplus straw, sewage sludge, food 
waste and household waste.

An important element in  
the green transition
The increased amount of biogas increases 
Denmark’s energy security of supply and 
ensures a stable energy system against 

the intermittency of renewables, as well 
as reduces the agricultural climate budget. 
Biogas is an important contribution to 
achieving the Danish political objective 
of becoming fossil-fuel independent by 
2050, as well as to treat half of Danish 
slurry in biogas plants. 
Upgrading biogas and sending it into the 
natural gas network is an economically 
efficient way to reduce CO2 emissions, 
also corresponding with the political 
aim to increasingly use the natural gas 
grid to store green gases, such as biogas 
and hydrogen. Importantly, biogas also 
contributes to reaching the EU 2020 goal 
of 10% biofuels in the transport sector to 
derive from renewable sources, especially 
when biogas is used for heavier transport.

MORE BIOGAS IN DENMARK’S 
NATURAL GAS GRID
Green gas in the Danish natural gas grid to  
increase more than 500% by end 2016

The natural gas transmission network can be used for 
transporting renewable energy in the form of upgraded biogas 

produced from residual sources and waste products, spurring 
multiple benefits including reuse of resources, meeting 

renewable energy targets and reducing the climate budget. 

Kristine van het Erve Grunnet, Senior Advisor at the Danish Energy Association

On 22 April 2015, Denmark’s largest biogas plant construction, 
Sønderjysk Biogas, was kicked off. The development of the plant is 
a result of a joint venture between E.On Denmark and the suppliers 
association SBI A/S, which together have invested EUR 33.5 million.

The biogas plant is a high-tech system primarily using slurry, resi-
dues from straw and to a lesser extent other organic raw materials 
for biogas production. The 160,000 m2 plant will annually treat 
600,000 tonnes of biomass, of which slurry will constitute 450 
tonnes.
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About State of Green
State of Green is a public-private partnership founded by the Danish Government, 
the Confederation of Danish Industry, the Danish Energy Association, the Danish 

Agriculture & Food Council and the Danish Wind Industry Association. H.R.H. 
Crown Prince Frederik of Denmark is patron of State of Green. 

Connect through: www.stateofgreen.com
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The biorefinery process covers a wide range 
of technologies that enable the separation 
of biomass resources (agricultural residues, 
industry waste, etc.) into their building 
blocks (carbohydrates, proteins, fats, etc.), 
which can be converted to value-added 
products (chemicals/materials) and energy 
(biofuels, power, heat). 
Especially agriculture is key to achieve the 
vision of a bio-based society where fossil 
fuels are replaced by agricultural biomass 
sources. Together with the agro-industry, 
agricultural resources  will play important 
roles, both as suppliers of raw materials to 
meet a broad range of societal needs, and 
to ensure the re-circulation of nutrients and 
the protection of nature.

Agricultural biomass for resource- 
efficient production
Efficient utilisation of agricultural biomass 
such as straw and residual sources to create 
end-products such as energy, biofuels, 

nutrients and bio-based products requires 
a strong infrastructure for logistic handling 
and processing, as well as access to suffi-
cient resources. Furthermore, agricultural 
refining technologies, both within R&D and 
market-ready solutions, must be continu-
ously developed to ensure resource-effi-
cient production.

Explore, learn and connect online
State of Green gathers all leading players 
in bioeconomy, circular economy and re-
source-efficient production. Our web portal, 
www.stateofgreen.com, is the official 
platform for Denmark’s green solutions 
and know-how, and offers an online entry 
point for all relevant green information 
from Denmark, including facts, news and 
a green database for companies and their 
technologies. 
All information is freely available and you 
can learn more about, for instance, how 
Denmark has achieved leading competences 

in plant breeding and has the world’s highest 
utilisation of residual products from agricul-
ture – and see the associated solutions, as 
well as find contact details to the companies 
in question. 

Experience implemented  
green solutions – live!
A corner of the Danish vision is to inspire oth-
ers and demonstrate how the transition to a 
sustainable society and is both possible and 
profitable – and we invite people to come 
and see for themselves. Through State of 
Green Tours we offer international commer-
cial and political decision makers, as well as 
journalists, a chance to take advantage of 
the technologies and lessons-learned by 
leading Danish companies and institutions 
across the green Danish landscape. For 
more information about State of Green 
Tours, please visit www.stateofgreen.com/
tours. 

STRONGHOLDS IN DANISH 
BIOECONOMY & RESOURCE-
EFFICIENT PRODUCTION
Showcasing state-of-the-art solutions and sharing Danish  
know-how across bioeconomy and resource-efficient production.

Most people know about biofuels and biogas, but fewer people 
know about bio-based chemicals, plastics and pharmaceuticals. 

In fact, most of the products we currently produce from oil and 
gas could be produced from biomass resources, and importantly 

from 2G biomass such as residual straw and algae, organic 
waste and wood residues from the agricultural and food 

industries. 

Finn Mortensen, Executive Director of State of Green
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Learn more about Danish solutions in 
bioeconomy & resource-efficient production,

find more cases from around the world and connect
with Danish expertise at:

www.stateofgreen.com

State of Green is a non-profit, public-private partnership founded by:


