
What is biomass?
In principle, biomass includes all 
organic materials such as wood, 
straw, grass and other plants that 
can be subjected to combustion, 
gasification or processing into 
liquid biofuel. Biomass also in-
cludes slurry from farm animals 
and organic waste that can be 
digested into biogas. In addition 
biomass comprises crops such as 
willow and miscanthus, which are 
grown specifically to be utilised in 
energy production.

This leaflet describes the potential 
in utilising biomass for energy pro-
duction in Denmark, based on an 
optimal and efficient exploitation 
of natural resources. The main em-
phasis is on residual and by-prod-
ucts from the agricultural sector 
and on perennial energy crops.

Harvesting biomass from 
the sea
Researchers are currently looking 
into the potential of exploiting 
biomass from the vast marine 
resources available in Denmark. 
One option is the utilisation of sea 
lettuce for energy purposes. Sea 
lettuce is a rapidly growing alga 
with a potential output that is more 
than tenfold larger per hectare 
than crops cultivated on land. Sea 
lettuce is indigenous to Danish 
coastal areas, but can also be cul-
tivated in artificial basins on land. 

Scientists predict that in the near 
future it will be possible to exploit 
sea lettuce, among other marine 
resources, for the production of 
bioethanol and biogas together 
with feed.    
    

Biomass currently contributes 
12 per cent of the total energy 
consumption in Denmark which, 
compared to the average figure
in the EU of four per cent, is 
relatively high. Agricultural pro-
duction occupies a total of 64 
per cent of the Danish land area. 
Therefore, by-products from crop, 
live-stock production and forestry 
are significant contributors to the 
energy produced from biomass.

The majority of crops produced 
in Denmark are utilised as animal 
feed in intensive livestock pro-
duction systems. These systems 
generate a significant amount 
of by-products that may impact 
negatively on the environment 
and cause controversial odour 
problems. Today only five per cent 
of livestock manure is utilised 
to produce biogas in Denmark. 
However, there are great expecta-
tions of a future increase in this 
figure. Especially after the Danish 
Government made a new energy 
agreement in the beginning of 
2008, which among other things 
implies that biogas production 
can become more cost effective. 
 
Perennial energy crops are only 
produced in a small scale. 
Besides 90-100.000 hectares 
of rape seed, Danish bioenergy 
is currently produced primarily 
at straw and wood chips-fired 
combined heat and power plants 

(CHPs). In addition to the pro-
duction of electricity at the CHP, 
the surplus heat is used to pro-
duce hot water that is distributed 
to households through existing 
district heating grids. 

Fuelling Future Energy Needs 
– The Agricultural Contribution

There is a vast potential in utilising 
biomass for energy production, 
not just in Denmark but in other 
countries as well.

In Denmark there is a substantial 
potential for boosting the produc-
tion of energy from biomass. An 
increase in biomass production 
will contribute to: 

•	 Raising the percentage of 
 renewable energy 
•	 Protecting the environment 
•	 Reducing CO2 emissions 
•	 Increasing the development of   
 high-technology concepts and   
 solutions.

It is expected that an increase in 
the Danish production of bio-
energy can be obtained without 
jeopardising the production of 
food and animal feed.

Following agricultural by- and 
residual products are considered 
to contain the most potential in 
increasing the energy production 
from biomass:  

•	 Utilising slurry and other live-
 stock manure for biogas pro-
 duction.  
•	 Ensuring a better exploitation
  of grain straw for utilisation in   
 combined heat and power   
 production plants (CHP).  

At the same time there is a poten-
tial for producing perennial energy 
crops to fulfil goals for nutrient 
leaching and utilising these crops 
for energy production.  

Furthermore, a considerable 
potential exists in utilising other 
by-products such as waste from 
slaughterhouses for the production 
of biodiesel or biogas.
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Denmark covers an area of 
4.3 million hectares
•		2.7	million	hectares	farm	land	

(64 per cent)
•	 0.5	million	hectares	forest		 	
(12	per	cent)

•		Less	than	0.1	million	hectares		
carry	energy	crops.

Number of livestock
•	13.4	million	pigs
•	1.5	million	cattle

Animal manure from stables:
3.3	million	tons	of	dry	matter	
corresponding	to	750,000	m3 
methane.	

•	16	per	cent	of	the	energy	used		
 in Denmark is renewable energy
•	12	per	cent	based	on	biomass
•	3	per	cent	based	on	wind	power	
•	1	per	cent	based	on	solar		 	
	 power,	etc.	

There are numerous advantages 
in a more efficient utilisation of the
energy potential from biomass. Most
noticeable is the advantage of using 
residual and by-products from agri-
cultural production such as straw 
and livestock manure and – if crops
are used directly – perennial crops. 

Exploiting the vast potential pre-
sented in using existing biomass 
for bioenergy production will con-
sequently contribute to an increase 
in available renewable energy. 
Furthermore, an increase in bio-
mass utilisation is predicted to:

•	 Reduce the environmental   
 impact of waste produced by   
 agricultural systems 
•	 Fewer greenhouse gases
•	 Contribute to developing 
 environmentally friendly tech-  
 nologies for the future.

Fuelling future energy needs
It is expected that the demand for 
renewable energy will rise in the 
future. Societies will need to de-
crease the use of fossil fuels and 
increasingly meet their energy needs
with bioenergy. Biomass converted 
into bioenergy, produced from re-
sidual- and by-products from the 
agricultural sector, can contribute 
to increasing the renewable en-
ergy proportion of society’s future 
energy needs. This increase is ex-
pected to be achieved without any 

significant negative impacts on the 
agricultural areas used for the pro-
duction of food and animal feed.

Reducing adverse agricultural 
impact on the environment
A sustainable use of biomass for 
bioenergy production is expected 
to reduce pollution generated 
from the agricultural sector. For 
example, converting slurry into 
biogas through biodigesters can 
more than halve the emission of 
strong greenhouse gasses such as 
methane and nitrous oxide. Re-
ducing organic matter in animal 
manure applied to the fields will 
furthermore reduce leaching of 
nitrate from vulnerable soils near 
aquatic environments.

By replacing annual crops with 
perennials such as miscanthus and 
willow, a positive impact on the 
environment is envisioned in the
form of reduced leaching of nitrate, 
reduced use of pesticides and 
more efficient carbon storage. 

Utilising Biomass
for	Energy	Production

Advantages from perennial 
crops compared to annual 
crops
•	70	per	cent	reduced	
	 leaching	of	nitrates
•	60	per	cent	reduced	use	
	 of	pesticides
•	60	per	cent	greater	
 reduction in greenhouse 
	 gas	emissions.

In	2008,	the	Danish	enter-
prise Daka Biodiesel started 
a commercial production 
of	biodiesel.	The	biodiesel	
production is based on 
utilising	animal	fat,	and	
generates an annual 
production	capacity	of	55	
million	litres	of	biodiesel.



For more information
The information presented in this leaflet derives from the 

report “Jorden - en knap ressource” published by 
The Danish Ministry of Food, Agriculture and Fisheries, 

February 2008. 

At www.fvm.dk the entire report in Danish can be 
downloaded. A summary in English “Land – a Scarce 

Resource” is available at: 
www.fvm.dk/english

ISBN nr. 978-87-7083-068-3  
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Fewer greenhouse gases
An optimal use of biomass for 
energy production will reduce 
the emissions of CO2 and other 
greenhouse gasses. This will be 
accomplished by a reduced utili-
sation of fossil energy, a reduced 
methane emission from slurry, 
and a more positive impact on 
soil carbon storage from peren-
nial crops, which all contribute 
to a positive impact on climate 
change.

The development of environ-
mentally friendly technology
Better utilisation of the agri-
cultural sector’s residual and 
by-products for bioenergy pro-
duction will provide the basis for 
commercial development of new 
technologies. Denmark has a long 
standing history of developing 
technologies which has a posi-
tive impact on the environment. 
For example, the development of 
Danish wind turbine technologies 
has paved the way for success-
ful export of Danish technology, 
supporting the future expansion 
of renewable energy solutions. 

Need	for	Life	Cycle	
Assessment	(LCA)

The exploitation of residual pro-
ducts and by-products from the 
agricultural sector for bioenergy 
is associated with new chal-
lenges. An increased removal 

of straw from farm land and a 
reduced application of livestock 
manure may impact negatively 
on the soil carbon balance. How-
ever, due to increasing demands 
for catch crops in Danish crop 
production systems, the adverse 
effect of the alternative use of 
residual- and by-products for bio-
energy, may be compensated for. 

In order to assess which technology
is most optimal in transferring
biomass into bioenergy, a thorough
LCA is required. This includes, 
among other things, the impact 
of carbon accounts. In connection 
to the Kyoto Protocol, Denmark 
is committed to include carbon 
changes in cultivated areas. The 
inclusion or exclusion of carbon 
may have crucial implications 
on whether the exploitation of 
biomass in various technologies 
contributes positively or nega-
tively to the greenhouse gas 
accounts.
 
Standardised LCA methods for, 
as an example carbon, have 
not been adopted, neither by 
Denmark or internationally. 
Therefore, the challenge is to 
reach an agreement for a com-
mon internationally recognised 
LCA standard. Such a common 
standard is vital to create a solid 
foundation for assessing the 
overall environmental impact 
of individual technologies for 
biomass utilisation.

Biogas is the type of 
bioenergy that secures 
the lowest costs of green 
house gas reduction.

Optimal	Use	of	Natural	Resources

The agricultural sector must 
first and foremost ensure the 
future food supply. However, 
it is evident that the sector will 
play an important future role in 
contributing to solutions to the 
increased energy and climate 
change issues.

There is an increasing demand for 
food, animal feed and renewable
energy sources. Land is no longer 
an inexhaustible resource. To 
meet society’s future demands 
and needs, it is imperative to 
balance the utilisation of natural 
resources. The ideal situation is to 
work towards achieving an op-
timal synergy between producing 
food, animal feed, fibres and 
bioenergy. This makes it all more 
pertinent that a collective and 
coordinated national and global 
policy is developed to tackle issues 
concerning agricultural pro-
duction, environmental impact, 
energy use and climate change.

Levies, customs barriers and 
subsidies of various kinds, 
governed by national and inter-
national political regulations, 
control the production of, and 
trade in, agricultural products. 
However, to benefit optimally 
from the available natural 
resources, a liberalisation of 
agricultural policies and trade of 
products is much needed.

Example:
In the United States, approxi-
mately 3,700 litres of ethanol can
be produced per hectare cropping 
land, based on maize. However, 
approximately 6,200 litres of 
ethanol can be produced in Brazil
per hectare land planted with 
sugar cane. If trade in ethanol is 
liberalised, parts of the ethanol 
production could be moved to 
Brazil. This move would ensure 
a more economical output per 
hectare land for ethanol pro-
duction and make available large 
areas in the US for other crops 
such as food or feed crops. 

The above example shows that a 
liberalisation of international agri-
cultural trade and policies could 
lead to a more optimal utilisation 
of land resources. However, there 
are numerous challenges to a 
liberalisation of trade agreements 
and policies. One of the most 
pertinent is the consideration of 
agricultural production versus 
environmental impacts. An over-
riding concern should in any case 
be sustainable policies in terms of 
LCA and biodiversity.
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