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Over the past year, there has been widespread political support for making 
Denmark independent of fossil fuels by 2050. As the entity responsible for both the 
electricity and gas systems in Denmark, Energinet.dk’s primary task is to assist in the 
facilitation of this significant transformation of the energy system through a long-
term and intelligent integration of much more renewable energy (RE) - without jeop-
ardising security of supply, the functionality of the market or the economy. 

We should become independent of such fossil fuels as coal, oil and natural gas - but 
not of gas in general! Gas is more than fossil natural gas and the gas system is not 
only a ”natural gas system”. Just as the power system can transmit ”black” electricity 
from coal-fired power stations and ”green” electricity from for example wind 
turbines and photovoltaic cells, the gas system can also transport both fossil 
natural gas and RE gas produced from biogas through biomass gasification 
or using wind-generated electricity.

Energinet.dk views gas as a bridge builder in the transition to renewable en-
ergy and the gas system as a key energy carrier - also in 2050, when RE gas 
will have displaced natural gas in the gas pipelines. Gas and the gas system 
have an important role to play in an integrated Danish energy system on 
the path to fossil-fuel independence. There are several reasons for this:
•  In an energy system with widely fluctuating wind power, gas can  

create balance when there is insufficient wind
•  Gas is a very flexible and efficient form of energy for power  

generation, industrial processes and in the transport sector
• Gas can be stored cheaply over long periods and in large volumes
•  A well-developed gas infrastructure, the lifetime of which should 

extend well beyond 2050, constitutes a huge asset for Denmark.

However, the transition to a RE-based gas system is not that simple 
and straightforward. It requires investments in research, develop-
ment and demonstration. Although, based on our scenarios, gas as-
sumes an essential role by facilitating a gradual, robust and efficient 
integration of renewable energy on the path to an overall Danish  
energy system that is independent of fossil fuels.   

	 Peder	Ø.	Andreasen	
	 President	and	CEO,	Energinet.dk	

Wind power and RE gas 
afford good balance

Photo:	Palle	Peter	Skov
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THEME: RE gas

Wind will become the backbone of the Danish power system in the 
future. However, without the support of other energy forms, this 
backbone will be weak when there is insufficient wind and the tur-
bines stand still. Thus the major challenge over the next 40 years 
will be to integrate the energy systems so that they can efficiently 
and responsively balance the fluctuating generation of wind power. 

- Gas and wind power are ideally suited as gas can be stored and 
utilised when there is a shortage of power. When the natural gas in 
the North Sea runs out over the next decades, RE gas can be de-
ployed to help maintain balance in the energy system, says Peter 
Hodal, Senior Vice President, Gas Division, Energinet.dk.

Integration of new technologies
Realising the political vision of a Denmark that is independent of 
fossil fuels by 2050 requires a complete transformation of the ener-
gy system. Coal, oil and natural gas should be replaced by renewa-
ble energy while security of supply and economic efficiency should 
continue to be a top priority. Energinet.dk has analysed this chal-
lenge and potential solutions amongst others in its report ”Energy 
2050 – Wind power track”. The report concludes that RE gas can be 
a key element in the integration of the energy systems. 

- RE gas can be transported in the existing gas network and 
stored in existing natural gas storage facilities. Consequently, RE gas 
can be produced all year round and stored until it should be used. 

The continued use of this vital element of the energy infrastructure 
will be enormously beneficial in the future, says Peter Hodal. He 
believes that the challenge will be to build a sufficient number of 
plants capable of producing RE gases. 

- It is important to have incentives to construct plants and produce 
RE gas as well as a targeted initiative for developing technology.  

At the same time it will be an advantage that energy research 
programmes focus on the RE gas area – and perhaps even a new 
and larger fund will be raised – to afford more targeted investment 
of funds, says Peter Hodal.

International connections 
Other essential instruments for integrating large volumes of wind 
energy and creating an energy system without fossil fuels are 
strong power interconnections and the establishment of an intelli-
gent power grid – a so-called Smart Grid – so the energy systems 
become integrated and power can be increasingly utilised for heat-
ing and transport. Within the field of gas, electrolysis and fuel cells 
can also help to resolve the challenge of balancing the considerable 
fluctuation in power generation and ensure security of supply as 
these technologies can convert electricity to gas and vice versa. On 
the next pages you can read more about RE gases, the technologies 
and the visions for the energy system of the future which is inde-
pendent of fossil fuels.

FLUCUATING POWER
If Denmark follows a ”wind power track” as out-

lined in the report of the same name from En-

erginet .dk, then power generation will double 

from 40 TWh (terawatt-hours) today to 80 TWh 

in 2050 . At the same time, the fluctuating power 

generation of wind turbines will grow from 20 

to 80 per cent, while the adjustable fuel-based 

power generation will fall correspondingly . 

If the Danish energy system should be independent of fossil 

fuels by 2050, up to 80 per cent of the power will come from 

wind turbines. Power generation will fluctuate according to the 

wind speeds. Consequently, RE gas will play a significant role 

as a buffer in the energy system. 

RE gas is essential in 
a non-fossil future 

VE-GAS

RE GAS 

Contrary to fossil fuels such as coal, oil and 

natural gas, RE gas (renewable energy gas) 

does not contribute to the greenhouse effect . 

In short, just as much CO2 is formed in the pro-

duction of an RE gas as is released in the utili-

sation of the RE gas . Therefore RE gas is some-

times also referred to as ”green gas” .
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RE gas is essential in 
a non-fossil future 

”RE gas and fluctuating 
wind energy are ideally 
suited.”	
Peter	Hodal,	Senior	Vice	President,	
Gas	Division,	Energinet.dk

In	the	energy	system	of	the	future	electricity,	
gas	and	district	heating	are	integrated.	When	
the	wind	is	strong,	surplus	power	can	be	export-
ed	or	converted	to	RE	gas	via	electrolysis.	When	
electricity	prices	are	high	due	to	a	lack	of	wind,	
power	can	be	imported	or	gas	can	be	utilised	for	

the	generation	of	electricity	and	heating.	RE	gas	
can	also	be	utilised	in	transport	–	either	directly	
or	converted	to	biofuels.	

Illustration:	Franck	Wagnersen

Photo:	Palle	Peter	Skov
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The RE gases of the future will be produced in several different 

ways. The common factor amongst RE gases is that they do not 

impact the climate. The gas can be stored and in the future it 

will presumably become both inexpensive and efficient to 

convert the gas to electricity, heat or liquid fuels such as 

methanol.

RAW MATERIALS FOR RE GAS

RE gas is most commonly formed using organic 

materials . RE gas can also be formed by electroly-

sis . The organic raw materials can be slurry, 

waste water or organic waste . Alternative ma-

terials include corn, straw, wood chips, clover, 

algae or other plants . 

It is a question of first and second generation RE 

gas and bio fuels . The classification depends on 

the raw material deployed . For example, a crop of 

corn or rape, which could be used for food, would 

be considered first generation RE gas . The culti-

vation of raw materials for first generation RE 

gas is in other words conducted on land which 

would be otherwise used for the cultivation of 

food, animal feed or similar . Second generation 

RE gas and bio fuels are typically formed from 

waste products, ie the raw materials do not dis-

place food crops in the fields .  Raw materials for 

second generation RE gas can be wood chips, 

straw, waste water, waste, slurry etc . 

Gas from slurry, waste 
and wind turbines

Gas is formed when organic materials such as plants and 
animals decompose. This is how natural gas was formed 
below the ground over the course of the past 65 million 
years. And this is how biogas is formed today. However, 
there is one crucial difference between the two gases, 
which is that only biogas deserves the name RE gas.

- In popular terms, the gas is the same regardless of 
whether it came from a fossil dinosaur fart or a sustainable 
pig fart today. Both natural gas and biogas primarily com-
prise of methane and the molecules in the methane are 
exactly the same irrespective of their origin, says Knud 
Boesgaard Sørensen, project leader in Energinet.dk’s Gas 
Division. The difference is that biogas and other RE gases do 
not impact the climate. In other words, biogas is CO2 neutral 
because just as much CO2 is used and released in the pro-
cess when biogas is formed and utilised. – Biogas is a CO2 
neutral RE gas. This is due to the fact that the CO2 which is 
emitted upon combustion of biogas corresponds to the 
amount that the plants, which became pig food and later 
pigs and slurry, absorbed from the atmosphere earlier in the 
year. Thus biogas does not contribute to the accumulation 
of CO2 in the atmosphere. This is a balanced natural process, 
says Kund Boesgaard Sørensen.

Dinosaur farts
Conversely, imbalance occurs in the environment when 
fossil natural gas formed from biomass deposited in the 
time of the dinosaurs is drawn from below the ground and 
utilised, thereby adding more net CO2 to the atmosphere. 
Thus the firing of fossil fuel gas contributes to the accumu-
lation of CO2 in the atmosphere. However, natural gas emits 
significantly less CO2 than coal (approximately 40 per cent 
less per joule) and oil. Consequently, natural gas can be a 
good transitional fuel in the efforts to reduce CO2 emissions 
in the coming years, believes Peter Hodal, Senior Vice Presi-
dent, Gas Division, Energinet.dk.

Biogas is the most widespread
- Biogas is by far the most widespread method of producing 
RE gas today. The technology is widely known and deployed 
on a large scale. We can also see other RE gas technologies, 
some of which we have not yet determined the full poten-
tial of or tested in large-scale trials, says Knud Boesgaard 
Sørensen. Biogas is typically utilised in local CHP plants.  It 
can also be upgraded into almost pure methane to the 
quality of natural gas and fed into the existing main gas 
network and gas storage facilities.  

VE-GAS
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and wind turbines

Thermal gasification
Thermal gasification is one of those technologies that could be 
deployed on a large scale within a few years. While biogas is 
formed at low temperatures, thermal gasification requires the 
heating of organic materials to high temperatures.  This forms a 
so-called syngas, which primarily consists of hydrogen (H2) and 
carbon monoxide (CO).

- Actually, the same process, in which a stove was fitted to the 
back of a vehicle, was used during World War II. Today, syngas is 
used directly in power stations but it can also be converted into 
pure methane, thereby becoming a RE gas that can be fed into the 
gas network and subsequently stored in one of the large gas stor-
age facilities, says Knud Boesgaard Sørensen.

Electrolysis 
In the more distant future, a picture emerges of RE gases produced 
by electrolysis, in which electricity can be used to split for example 
water into hydrogen and oxygen.     

- We see a fantastic development of technologies for the produc-
tion of RE gas using electrolysis. Undoubtedly, they are going to 
play an essential role in the energy system of the future as they 
will enable the conversion of CO2 and electricity - when it is inex-
pensive and abundant - from wind turbines to RE gas, says Knud 
Boesgaard Sørensen

UPGRADING AND STORAGE 

RE gases can for example consist of hydrogen (H2), methane 

(CH4) and carbon monoxide (CO) . If the RE gases can be convert-

ed or upgraded to methane of a quality equivalent to that of 

natural gas, the RE gases can be fed into the existing national 

gas network . In that way surplus production of RE gas could be 

better utilised - instead of being burnt off, as is the case at some 

biogas plants today . 

When the gas enters the national gas network, it can be utilised 

in other parts of Denmark, exported abroad or held in the two 

large Danish gas storage facilities . 

The political objectives
In March 2007, EU state and government leaders adopt-
ed an energy and climate policy with binding targets 
for the reduction of CO2 emissions and the utilisation of 
renewable energy. 20 per cent of the energy consump-
tion in the countries should be derived from renewable 
energy by 2020. The member states should also reduce 
their CO2 emissions by 20-30 per cent in relation to 
1990 levels. Denmark’s target is set at 30 per cent. 
Moreover, a recommended EU target to increase energy 
efficiency by 20 per cent was also set. Hence the name 
20-20-20 targets.

In Denmark, there is broad political consensus for 
becoming independent of fossil fuels by 2050. This re-
quires a transformation of the energy systems, both to 
achieve the climate policy targets and ensure security 
of supply. The politicians also agree upon the need to 
reduce nitrogen emissions in farming, which can be 
achieved amongst others by utilising consider ably more 
slurry for biogas.

Illustration:	Franck	Wagnersen
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Milestone 
for biogas

Biogas now flows through the gas network in 

Denmark. On 15 September 2011, Fredericia 

Central Wastewater Treatment Plant became 

the first to inject upgraded biogas into the 

network, which until then had only 

transported and stored natural gas. 

- The fact that we can now use wastewater treatment and house-
hold waste in the gas network is groundbreaking. Instead of burn-
ing the biogas off, it can be upgraded to natural gas quality and 
sold to our customers, says DONG Energy’s CEO Anders Eldrup.

When Fredericia Central Wastewater Treatment Plant inaugurat-
ed its upgrading plant for biogas, Anders Eldrup did not hesitate in 
declaring the day historic. He predicts that the new commercial 
potential of biogas will provide the eagerly awaited growth in bi-
ogas production. 

Fredericia gas
The wastewater treatment plant is collaborating with Fredericia 
Municipality and DONG Energy in the project ”From North Sea gas 
to Fredericia gas”. The vision is to make waste and wastewater val-
ue-creating and energy-generating. In other words, the way waste-
water and household waste are viewed has changed from being a 
costly problem to being a valuable resource. 

-The citizens of Fredericia will become part of a large cycle, in 
which waste from their homes can be returned to them in the 
form of energy and transport, stated the Mayor of Fredericia Thom-
as Banke.

The municipality is working towards amongst others enabling 
city buses, waste collection trucks and other such vehicles to run on 
biogas in the future, as a supplement to the municipality’s electric 
vehicle initiatives. 

 

Better utilisation
The wastewater treatment plant in Fredericia 
has long been producing biogas based on 
wastewater. Until now, the gas has been utilised 
locally to generate electricity and heat.   

- However, we have not always been able to 
utilise all of the biogas. Therefore we have been 
burning the surplus gas off, which has been very 
frustrating for us, says John Bader, Chairman of 
the Supervisory Board of Fredericia Central 
Wastewater Treatment Plant. He continues:

- With the new upgrading plant we can dou-
ble the biogas production and run the surplus 
gas into the gas network.

sorting with enzymes
The wastewater treatment plant in Fredericia collaborates with the 
company REnescience (see page 11), which is owned by DONG Ener-
gy. The plan is to sort and convert the organic part of the waste 
with the help of enzymes into a liquid suitable for the production 
of biogas. This will increase the biogas production, and the system 
will render superfluous the pre-sorting of waste into green and 
black fractions. Consequently, the municipality can save money and 
energy by simplifying the collection of waste, predict the people 
behind the project ”From North Sea gas to Fredericia gas”. 

VE-GAS
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Non-fossil energy
The inauguration of the upgrading plant in Fredericia 
marked a great day - not just for Fredericia Municipality but 
for the entire Danish energy system, believes Peder Ø. An-
dreasen, President and CEO of Energinet.dk.

- Today, the Danish gas network transports twice as much 
energy as the electricity transmission grid. With ”green gas” 
in the network, we have a possibility in the long run to real-
ise the vision of an energy system that is independent of 
fossil fuels, says Peder Ø. Andreasen.

New RE gas 
certificates 
Gas customers can now document their purchase 
of RE gas through the national gas network. 
Energinet.dk has developed a certification scheme.

- The certificates enable companies to document a sustainability 
profile. The purchasers receive documentation about the origin 
of the gas they purchase, which we have experienced an in-
creased demand for, says Dorte Gren Kristiansen, project manag-
er in Energinet.dk. 

Currently, the RE gas can be certified if it is produced on the 
basis of several types of organic materials: biogas, thermal gasi-
fication gas and synthesis gas. The RE gas can be processed into 
methane, which can be injected into the gas network. 

Every methane molecule of RE gas which is supplied to the 
gas network can replace an equivalent molecule of methane 
from conventional natural gas. However, it is impossible to see 
the difference between a molecule of methane derived from 
upgraded RE gas and one from natural gas. Chemically, they are 
absolutely identical as both gases consist of methane – the dif-
ference between RE gas and fossil gas rests solely in the method 
of production.  

The certification scheme ensures that the volume of RE gas 
sold does not exceed the volume injected as certificates can only 
be issued when RE gas is injected. Under the certification 
scheme, every MWh of RE gas is earmarked with a unique identi-
fication number on a certificate, which also contains informa-
tion about where, when and how the RE gas was originally pro-
duced. By purchasing certificates the consumers are guaranteed 
that the certified volume of gas was produced sustainably and 
has not been sold to others. 

The certification scheme is based on a registration system 
which is electronic and paperless and does not issue physical 
certificates. Energinet.dk administers the certificate register and 

is responsible for issuing 
the certificates, which 
are uniformly registered 
via a set registration 
form.   

”Bionatural gas” has 
been selected as the 
commercial name for RE 
gas that is injected for 
transport and sale via 
the national gas net-
work. 

The	upgrading	plant	at	
Fredericia	Wastewater	
fills	a	couple	of	containers.

9

The	upgrading	plant	at	Fredericia	Wastewater	
fills	a	couple	of	containers.	Suppliers	can	now	
receive	a	certificate	if	they	supply	biogas	to	the	
gas	network.		However,	the	certificates	are	not	
physical	like	the	diploma,	which	Peder	Ø.	An-
dreasen,	President	and	CEO	of	Energinet.dk,	is	
handing	to	Anders	Eldrup,	CEO	of	DONG	Ener-
gy	(on	the	right)	for	supplying	the	first	biogas	
to	the	gas	network.	

Already within a few years, North Sea gas will be unable 

to meet Denmark’s gas needs . Consequently, it will be 

necessary to import gas for a time . However, Denmark 

expects to become self-sufficient in gas again in the 

future, in the form of RE gases from biogas, gasification 

and electrolysis . When overall demand for gas de creases 

towards 2050, it will be because wind turbine power has 

replaced a large share of the power generated by gas-

fired CHP plants today . Source: The report ”Energy 2050 - 

Wind power track” by Energinet.dk

Photo:	Hung	Tien	Vu	
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The plant was originally purposed to resolve the agricultural sec-
tor’s increasing need to minimise phosphate and nitrogen emis-
sions. Consequently, thoughts obviously turned to a biogas plant 
that could treat the slurry. However, the plans for Maabjerg at 
Holstebro have subsequently grown into a complex concept for 
bio energy on a scale unseen until now.   

Maabjerg BioEnergy was founded by the local energy supply 
companies Vestforsyning A/S and Struer Fjernvarme A/S, and op-
portunities for creating synergies between a number of energy and 
heating plants are currently being explored. 

The world’s largest 
- We are constructing two lines for biogas. A slurry line that can 
manage 500,000 tonnes of slurry per year and a wastewater line 
with a capacity of 120,000 tonnes. We can receive all forms of 
waste products - in other words, anything that can be eaten or has 
been eaten, says chief consultant at Maabjerg BioEnergy Poul Lyh-
ne, who has built several biogas plants over the past 25 years.   

The slurry line also receives industrial waste from amongst others 
slaughterhouses and the fishing industry and Arla, which sends 
whey, a by-product of its cheese production, directly through a 
pipeline running from its factory in Holstebro to the biogas plant.

association of 150 farmers 
A supplier association of 150 farmers will deliver slurry. However, if 
the slurry should be delivered by lorry, it would require a train of  
40 - 50 lorries running 24 hours a day. Therefore Maabjerg BioEnergy 

has opted for a combination of an extensive star-formation pipe 
system that reaches out across the surrounding countryside for up 
to 16 kilometres as well as transport by lorry. The pipeline consists 
of two separate lines, one for pumping the slurry into the facility 
and the other for pumping residual product in the form of de-
gassed slurry back to be used as fertiliser.

CO2 as a resource
The biogas from Maabjerg is utilised in the region’s CHP plants to 
generate electricity and heat. The surplus biogas is cleaned by re-
moving the CO2, so the gas can be fed into the main gas network. 

- We then upgrade the CO2 from the biogas to methane (equiva-
lent to natural gas) by combining it with hydrogen that we produce 
at an electrolysis plant powered by wind-generated electricity. We 
have great expectations for this method, which we have developed 
with the DTU, says Poul Lyhne.

Enzymes and bio petrol  
At Maabjerg, it is also planned to establish a REnescience plant (see 
page 11), which using heat treatment and enzymes could treat 
waste and separate it into biomass for biogas production as well as 
solid particles. 

DONG Energy has also entered into a cooperation to analyse the 
possibilities for integrating a bioethanol plant into the overall 
Maabjerg concept. The plant should produce second generation 
bio ethanol from straw. 

Photo:	Thomas	Maxe.

VE-GAS

FACTS about Maabjerg Bioenergy

• Will annually convert 600,000 tonnes of biomass into heat and power

• Will annually produce 18 .4 million cubic metres of biogas, equivalent to the 

heating demand of 5,000 homes and the power demand of 12,500 homes

• Reduces the climate impact by 50,000 tonnes of CO2 per year . Reduces nitro-

gen and phosphor emissions into the water course by 109 and 311 tonnes 

respectively per year

• Total investment DKK 375 million . 
Source:	Maabjerg	BioEnergy

World’s largest 
biogas plant

When Maabjerg BioEnergy at Holstebro opens 

on 1 January 2012, it will become the largest 

biogas plant in the world. It will convert 

600,000 tonnes of slurry, wastewater and waste 

to gas annually. Plans are on the drawing board 

to combine the plant with a CHP plant, waste 

treatment with enzymes, a bioethanol factory 

and hydrogen production.  
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Our understanding of waste treatment may need to be redefined 
in the coming years. In any case, DONG Energy is eying up the ex-
cellent opportunities for deriving greater value from refuse. 

In Denmark, we are adept at generating power and district heat-
ing by burning waste. However, we could exploit the energy con-
tent and resources of waste even better in the future. There are sev-
eral advantages to boiling the waste and adding enzymes, empha-
sises Nanna Dreyer Nørholm, director of REnescience, a subsidiary 
of DONG Energy:

•  The consumers do not need to sort their waste so extensively 
because the process automatically separates the waste

•  The biologically degradable fraction can be transformed into 
biogas 

• Phosphor and other nutrients can be reused in agriculture 
• Metal, plastic, glass etc. can be sorted and recycled 

These have been the experiences of the DONG REnescience project, 
which is running at the Amagerforbrændingen plant in Copenhagen. 
The project received DKK 29 million in funding from Energinet.dk’s 
research programme at the beginning of 2007. REnescience opened 
the test plant immediately before the UN climate summit in Copen-
hagen in December 2009, and it has been operating continually 
ever since. 

Brownish bioliquid 
The plant produces a brownish liquid from the biological fraction 
of the waste. The liquid is well suited to the production of biogas, 
and trials at Research Centre Foulum show that the waste contains 

approximately eight times as much gas as slurry. At the same time, 
the REnescience plant can sort solid materials for recycling. How-
ever, the pilot plant is currently set up with only one washing stage 
- not the complete process line, explains Nanna Dreyer Nørholm.

- Our basic plant is working fine, but we are still only producing 
biogas on a trial basis. At the moment we have no fixed users. 
However, we are engaged in serious talks about the construction of 
a full-scale plant at three locations and right now we are looking 
into sites and business cases at Amagerforbrændingen, in Frederi-
cia and in Maabjerg, says Nanna Dreyer Nørholm.

Opportunities for jobs and export  
REnescience is an offshoot of DONG Energy’s experiences with the 
pre-treatment of straw for the production of bioethanol. Research-
ers discovered that the technique could also be used to treat waste. 
Today, REnescience is an independent subsidiary of DONG Energy 
similar to INBICON, which treats biomass and produces amongst 
others second generation bioethanol at a plant in Kalundborg. 

- In the long-term, REnescience should hopefully provide good 
jobs and income for Denmark. We see tremendous opportunities 
for export, and we are in touch with agents in various countries 
where we have begun looking into the markets, 
says Nanna Dreyer Nørholm.

Waste = 
new energy

By boiling waste and adding enzymes, 

it is possible to utilise refuse more 

intelligently than by combustion. 

This is demonstrated in the DONG 

REnescience plant at Amager

forbrændingen (recycling and waste

toenergy company).

”In countries where waste disposal  
sites are preferred there are  
many low-hanging fruits to 
be plucked.”

Director	Nanna	Dreyer	Nørholm,	REnescience.

After	heat	treatment	and	the	addition	of	enzymes,	the	biologically	
degradable	fraction	of	the	waste	can	be	drawn	off	as	a	brownish	
liquid	that	can	be	utilised	for	biogas.	Photos:	REnescience.
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VE-GAS

Using DONG Energy’s Pyroneertechnique, gasification can convert 

difficult fuels like straw and slurry fibres into RE gas, while still preserving 

the nutrients in the ashes. The 6 MW demonstration plant at Asnæs 

Power Station should be commissioned in March 2012. 

When there was a shortage of fuel for cars during World War II, some in-
ventive people fitted a stove to their car, which produced gas from beech-

wood on which cars could run. 
Gasification occurs by heating up the fuel in a controlled low-

oxygen atmosphere. Thus gas is formed and the fuel disinte-
grates into ash, as if it were incinerated.  

- Among the benefits of gasification is the 
possibility to obtain more energy out of diffi-
cult fuels like straw, slurry fibres, biowaste, etc. 
At the same time, we can preserve such nu-
trients as phosphor and potassium in the 

ashes from gasification, says Anders Boisen from 
Pyroneer, which is owned by DONG Energy.  

good nutrients
Traditional biogas plants typically convert around 50 per cent of the slurry 
fibres to biogas and here a subsequent thermal gasification can be appro-
priate for utilising the remaining energy in connection with a CHP plant, 
for example. 

Provided the temperature remains below 770° C – as in the Pyroneer 
plant – then such nutrients as phosphor and potassium are preserved in 
the ash. Higher temperatures, which are traditionally applied in boilers and 
during the gasification of wood chips, for example, destroy any possibility 
of easily reusing the nutrients. 

- Initial analyses and assessments by the Faculty of Agricultural Sciences 
show that the ash from our plant is usable as fertiliser for fields, says An-
ders Boisen.

6 MW plant at asnæs Power station
Pyroneer is working with the gasification of straw in its 6 MW demonstra-
tion plant at Asnæs Power Station. The plant stood ready in March and was 
operating so satisfactorily by June that it is now being integrated with 
Boiler 2 at Asnæs Power Station, which produces power and district heat-
ing. Anders Boisen expects the plant to be finally commissioned in March 
2012. 

- Initially, we are only utilising the gas at the site as it contains both dust 
and tar. It works well when fired in traditional coal-fired boilers. However, it 
is also envisaged in the long term that the gas could be further cleaned to 
enable its utilisation in gas-fired boilers or upgrading to the natural gas 
network, says Anders Boisen.

Full-scale by 2015
The head of Pyroneer expects the cleaning process to be ready around 
2015, at which time he also hopes a full-scale 60 MW Pyroneer plant will 
be established. Studies into the possibilities for upgrading the gas so that 
it can be utilised in the natural gas network are planned in a new develop-
ment project. However, this will be realised at the earliest around 2020, 
expects Anders Boisen.

Pyroneer has numerous cooperation partners who have contributed 
significantly to its development. In addition, a variety of sub-projects have 
also received funding in excess of DKK 39 million from Energinet.dk’s R&D 
programmes. 

Power plant 
to be fired with 
gasified straw 

Photo:	Pyroneer.
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Macroalgae, which are grown in the sea, can 

become an important raw material for RE gas, 

thus keeping agricultural land, for example,  

for the cultivation of food, for example.  

At the same time, the algae production functions 

as a biological filter that cleans the water.

Sea	lettuce	(ulva	lactuca)	and	other	
macroalgae	grown	in	the	sea	can	be	
surefire	future	energy	resources.	
Photo:	Nicolai	Lorenzen.

Photo:	Peter	Bondo	Christensen
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Algae = 
energy

- If we should sustain the steadily rising population on Earth, then 
there is a limit to how much biomass we can cultivate on land, 
states senior researcher Henrik B. Møller from the Faculty of Agri-
cultural Sciences at the University of Aarhus.  Moreover, as sea let-
tuce, brown algae and other macroalgae grow faster than land 
plants, clearly large volumes of marine biomass that can be con-
verted into RE gas, methanol and other fuels should be produced in 
the future, believes Henrik B. Møller. His research colleague Annette 
Bruhn agrees:

- The perspectives are enormous. We are working on establishing 
a large-scale project to grow brown algae in the sea, says PhD An-
nette Bruhn from Aarhus University’s Institute of Bioscience.

Together with a number of other researchers connected with the 
Algae Centre Denmark in Grenaa, she is studying the possibilities 
for utilising algae in the formation of amongst others RE gas. 

Biological filter
Annette Bruhn also sees another benefit to fields of algae in the 
sea. They can function as a biological filter that can help to cleanse 
the seawater of nitrogen and phosphor, which we would like to 
remove from the seawater. 

Challenges
The utilisation of marine biomass does, however, raise some ques-
tions, which as yet have only been partially answered. 

- Our trials show for example that sea lettuce contains substanc-
es which inhibit gas production. Actually, we only convert approxi-
mately 40 per cent of the organic matter in sea lettuce to gas, says 
Henrik B. Møller. 

This means that sea lettuce yields approximately 25 cubic metres 
of methane per tonne. Other species of macroalgae yield up to 45 
m3 – however, they do not grow as quickly. By comparison, cow ma-
nure yields approximately 20 m3 and corn as much as 90 m3.

To increase the yields, researchers are also working on pre-treat-
ing the algae by pulverising, blending and boiling them before they 
enter the biogas or gasification plant. The researchers are also try-
ing to identify bacteria that are suitable for converting algae to gas. 

The price is still high
The research also poses some questions that should be addressed 
regarding the best species of algae, optimal growing conditions, 
pre-treatment etc. The price of utilising algae for biogas is still high. 
Consequently, researchers are exploring the possibilities of extract-
ing high-value products from the algae while still utilising them for 
the production of gas or methanol. Such possibilities include the 
use of compounds from algae in food or the pharmaceutical indus-
try, as feed products, fertilisers, dyes etc., mentions Annette Bruhn.
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From wind 
power to RE gas

Using electrolysis, windgenerated power can be utilised to 

form RE gas, thus enabling the storage of energy. The latest 

fuel cells from Topsoe Fuel Cell can produce RE gas by 

combining electrolysis with surplus CO2 from biogas. 

The efficiency is close to 100 per cent.

The energy system of the future, based on huge volumes of 
wind-generated power, depends on its ability to store pow-
er for periods without wind.  However, batteries are expen-
sive; therefore it is necessary to convert the power to other 
forms of energy which can be stored. 

- Denmark’s combination of many wind turbines, an ex-
panded natural gas network and extensive animal hus-
bandry makes RE gas interesting. Utilising electricity for the 
upgrading of biogas to methane is a smart idea - which 
Energinet.dk also highlights in its Wind power track report 
as we can subsequently use the existing gas network and 
gas storage facilities to balance variations in wind power 
generation, says John Bøgild Hansen, senior researcher at 
Haldor Topsøe A/S.

Electrolysis
Electrolysis is one of the ways of converting electricity to 
gas. The process – which some will recognise from physics 
lessons – uses electricity to split water into hydrogen and 
oxygen.

- Electrolysis is a technology that has been known for 
over 200 years and is deployed commercially around the 
world.  The drawback of conventional electrolysis is that the 
efficiency is not quite as high as desired because the pro-
cess typically runs at temperatures below 100° C. This re-
sults in some waste heat which is difficult to utilise, says 
John Bøgild Hansen.

Fuel cells
Haldor Topsøe has been researching fuel cells for over three 
decades. Initially, the company focused on developing fuel 
cells which could convert fuel to electricity. However, in re-
cent years they have also begun to consider the opposite: 
Simply put, how fuel cells can convert electricity to gas. 

Topsoe Fuel Cell has developed a fuel cell (see the box), 
which can be fed with electricity, CO2 and water, whereupon 
synthesis gas is produced in the form of hydrogen and car-
bon monoxide as well as oxygen. 

- It is certainly not expedient to waste large quantities of 
CO2 – both in consideration of the climate and because car-
bon will become a limited resource in the distant future. 
Certainly, we will always have plenty of wind and sun. How-
ever, if we should continue to have liquid fuels, then carbon 
– for example from CO2 – is important for the production, 
says John Bøgild.

100 per cent efficiency
While some of the energy is lost in conventional electrolysis, 
the new fuel cells are more energy efficient.  

- When we assemble our latest SOEC cells in electrolysis 
stacks, they are almost 100 per cent efficient – in the sense 
that the gas yielded from the process has the same energy 
content (heating value) as the input electricity. We can uti-
lise the surplus heat from the stacks in the process itself to 
split the water, says John Bøgild Hansen.

Hydrogen in folk high school
 
Already at the end of the 19th century, Askov Folk High School was experimenting with the 

combination of wind-generated power and RE gas. The physicist Poul la Cour, who taught 

natural science at the school, constructed a wind turbine, the power of which was used for 

the lighting in the school and later also in the town.  But when the wind did not blow, the 

school faced the same challenges as today. 

- Consequently, the school experimented with producing hydrogen through electrolysis when 

they had a surplus of wind-generated power. The hydrogen could then be used for lighting 

when the wind was still. Therefore I would be astounded if we cannot make it work today, 

says senior researcher John Bøgild Hansen from Haldor Topsøe with a smile.     
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From wind 
power to RE gas

The main issue with SOEC electrolysis cells has thus far 
been the rate of aging. However, Topsoe Fuel Cell has re-
cently been able to demonstrate greatly improved longevity 
of its fuel cells in long-term trials. Consequently, the tech-
nology is set to become commercially interesting, believes 
the senior researcher. 

The chicken or the egg
As to when SOEC cells could be applied commercially on a 
large scale, John Bøgild Hansen does not dare to predict. 
However, he suggests two key factors: technology and econ-
omy. 

- The technology should fully mature. This maturity can 
be viewed from two sides: I guess, over the course of five 
years, the engineers could be satisfied with the technology. 
However, before we can establish larger plants, a matura-
tion of the investors is also required and as a rule demon-
stration plants of a certain size are essential for convincing 
investors, says John Bøgild Hansen. Regarding the economy, 
he says:

- Currently, it is not profitable to produce methane via 
electrolysis because the price of natural gas is so low. 

- Indeed, investments in fuel cell plants are also a discus-
sion a la the chicken or the egg. Because you cannot bring 
down the price of SOEC cells until you have a large factory, 
and you can first have the large factory when the price of 
the cells is competitive.  

Fuel and electrolysis cells
 
Fuel and electrolysis cells can become a key 

technology for converting different forms of 

energy in the future – for example wind-

generated power to RE gas and vice versa. 

Normally, a fuel cell produces electricity by 

utilising hydrogen. However, the process can 

also be reversed so that the cell using elec-

tricity splits water into oxygen and hydro-

gen. In this application the cells are called 

electrolysis cells.

In the latest cells of the type SOEC (Solid 

Oxide Electrolysis Cell), the raw materials 

can be electricity, carbon dioxide (CO2) and 

water (H2O). Biogas contains approximately 

one-third carbon dioxide (CO2), which is an 

obvious raw material to use, as you also 

reduce the impact on the climate. From the 

SOEC cell, synthesis gas is produced in the 

form of hydrogen (H2) and carbon monoxide 

(CO) as well as oxygen (O2). The synthesis 

gas can be used directly in engines or con-

verted to methane, which can be fed into 

the (natural) gas network. The synthesis gas 

can also be converted to DME (dimethyl 

ether), methanol, ammonia or synthetic 

gasoline.

Fuel	and	electrolysis	cells	can	convert	gas	to	
electricity	and	vice	versa.	Photo:	Haldor	Topsøe.
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PRICE: DKK 600800 MILLION
 
The cost of establishing the entire Ringkøbing-Skjern Gas network will be in the 

order of DKK 600-800 million. The first step is establishing a demonstration plant 

with a 35-kilometre pipeline and four to five local biogas plants in the southern 

part of the municipality. The demonstration project costs DKK 75 million of which 

DKK 23 million is allocated to the pipeline network and the rest is for constructing 

local biogas plants. 

If the funding is in place, then the first gas should be flowing in the Ringkøbing-Skjern 

Gas network around the turn of the year 2012-13, expects Lars Byberg.

Ringkøbing-Skjern is one of the most livestock intensive 
municipalities in Denmark and is thus an obvious site for 
the production of biogas from slurry. 

- We are, however, also the largest municipality in Den-
mark in terms of acreage, so the challenge has been to find 
ways of minimising the cost of transporting the slurry. The 
solution is to establish a gas network that will be 200 kilo-
metres long when fully implemented, says Lars Byberg, di-
rector of Bioenergi Vest, in which the municipality retains a 
50 per cent stake in the shares, Vestjysk Farmers Association 
owns 25 per cent and the business centre owns 25 per cent. 

The gas network should connect 40-70 local biogas 
plants on the farms with one to two large central energy 
plants that can produce power and heating as well as up-
grade the biogas for the gas network or convert the biogas 
for use in motorised vehicles. 

greater efficiency
Today, only a small percentage of the slurry in the munici-
pality is being utilised for biogas. The future gas network 
should increase this share to 80 per cent, upon which bi-
ogas will account for 20-25 per cent of the municipality’s 
energy needs, informs Lars Byberg. Most of the other energy 
should be derived from wind turbines. The director of Bioen-
ergi Vest highlights several advantages of connecting local 
biogas plants with central energy plants. 

- The local biogas plants ensure that the slurry is degassed 
and that the farmers receive the nutrients they should use, 
such as phosphor, where and when they need them. The 
benefit of the gas network is that it assures the farmers 
commercial outlets for the biogas. Users of the biogas – the 
district heating plant and others – improve their security of 
supply as there are 40-70 plants supplying them. This 
means that the users have less need of natural gas as a 
back-up and greater capacity to pay. As a result, the farmers 
can get more money for the gas, emphasises Lars Byberg.

More efficient 
Energy efficiency is also increased by utilising the biogas 
centrally. 

- If the farms burn the biogas themselves to generate 
electricity, approximately 40 per cent will be typically lost as 
heat. If the biogas is deployed in the district heating plant, 
the aforementioned heat loss can be utilised for district 
heating, says Lars Byberg.

He acknowledges that there are no projects like the Ring-
købing-Skjern Gas network to be found anywhere else in 
the world – only a few and smaller gas networks in Sweden 
and the USA. 

In 2020, RingkøbingSkjern Municipality 

will be selfsufficient in renewable 

energy. Up to a quarter of the energy 

should come from agricultural slurry. 

Consequently, a 200kilometre gas 

network will be established that 

connects the farms with the CHP plant 

and other central energy plants.  

Gas network 
for biogas 

VE-GAS

Photo:	Jørgen	Schytte
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By integrating power, gas and district heating systems, en-
ergy can be utilised more efficiently in the future. Moreover, 
RE gas may become a central and efficient fuel – either 
directly as gas for use in fuel cells or as an energy path to 
methanol, DME (dimethyl ether) etc. These were Energi - 
net.dk’s con clusions in the report ”Energy 2050 - Wind 
power track”.  

Converting between energy forms generates heat in sev-
eral processes. To ensure optimal efficiency, this conversion 
process needs to occur in connection with a district heating 
system so the heat can be utilised. 

Peak load
In a power system dominated by wind energy, other supple-
mentary forms of energy will be necessary to meet the de-
mand for peak-load power generation. And gas is signifi-

cantly cheaper than other fuels for this purpose, concludes 
Energinet.dk.

Moreover, in some areas of the industry, it may be eco-
nomically expedient to utilise gas, just as it may be relevant 
to use gas as a propellant in those areas of the transport 
sector where electricity is not suitable. 

Heavy-duty vehicles
- In many European countries, heavy-duty vehicles such as 
lorries and buses already run on gas. In all probability, I can-
not imagine that this trend would be any different in Den-
mark, says Peter Hodal, Senior Vice President, Gas Division, 
Energinet.dk.

- In the long-term it is also highly probable that one of 
the largest consumers of energy – shipping – will come to 
use gas, believes Peter Hodal. 

RE gas for 
multiple purposes 

There is huge potential for utilising fuels 

more efficiently in the future. Gas – and in 

time RE gas – are well suited to amongst 

others peakload power generation, 

process heat in the industry and transport 

in sectors where electricity is not suitable 

– for example heavyduty vehicles.

Presumably,	some	of	the	heavier	traffic	
such	as	lorries	and	buses	will	run	on	gas	
in	the	future,	believes	Peter	Hodal,	Senior	
Vice	President,	Gas	Division,	Energinet.dk.

Photos:	Hung	Tien	Vu.
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More than ever before, the international energy-policy 

agenda constitutes the framework for Energinet.dk’s 

work. The European climate objectives increase the 

volume of renewable energy in Europe significantly, 

and the EU is earnestly demanding common Euro-

pean management within the energy sector.    

The solution is a coherent energy system, in which 

the establishment of new infrastructure, demand 

response and efficient European energy markets 

play a decisive role. In this way, a common European 

framework is created that supports an efficient utili-

sation of energy resources in Europe.  

Signe Horn Rosted is an international consultant 

in Energinet.dk. She monitors international 

energy-policy developments and participates in the 

development of the European energy market. Here, 

she provides an overview of the most important 

international developments.  

Energy policy

The earthquake in Japan in March 2011 and the sub-

sequent breakdown of the Fukushima nuclear pow-

er plant has directly influenced energy supply in 

Europe . Discussions surrounding the safety of nu-

clear power plants have led to a considerable de-

cline in political support for nuclear power in certain 

countries . This sentiment was expressed recently in 

both Italy and Germany, where the existing nuclear 

power plants will be phased out and decommis-

sioned by the end of 2022 . 

 
The phasing-out of nuclear power in Germany has 

strengthened the existing focus on converting to 

renewable energy sources and expanding the infra-

structure . At the same time, the demand for gas 

used in power generation is expected to rise signifi-

cantly . Energinet .dk estimates that the closure of 

German nuclear power plants may lead to price 

rises in Denmark . 

 
Concurrently, the expansion of wind power genera-

tion in Denmark and North West Europe presents 

challenges for the current market structure . With a 

rising share of wind energy and the decommission-

ing of power stations, the challenge in the future 

could be to meet the market’s demand for genera-

tion capacity during periods of insufficient wind . 

Post Fukushima

From Danish to European electricity market

Photo:	Palle	Peter	Skov

Concurrent with the European focus on the development 
of energy infrastructure, Energinet .dk is also working 
determinedly to forge even closer ties between the elec-
tricity markets in Europe . An efficient electricity market is 
one of the most effective tools for ensuring that there is 
always balance between demand and generation . Coup-
ling of the European electricity markets means that Dan-
ish wind power can be sold where the willingness to pay 
for it is greatest .  

The first step on the road to a European electricity mar-
ket is the development of a regional electricity market in 
2012 . This market coupling should apply to the entire 
North West European region and should include both 
electricity trade ahead of the actual day of operation 

(the day-ahead market) and electricity trade during the 
actual day of operation (the intraday market) . 

The development and implementation of the regional 
electricity market happens in collaboration with the 
European power exchanges . 

Coupling of the electricity markets not only 
improves the prospects for trading electricity 
over great distances but is also an important 
step to achieving the long-term ambition of 
ensuring sufficient generation capacity in 
the Danish market . 
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Internationally

In June, the European Commission proposed a new multi-
annual financial framework for 2014-2020, ie the coming 
EU budget .     
The budget contains a proposal for a new funding mecha-
nism for infrastructure projects of particular significance 
for the linking of Europe . Within the energy sector, it is 
proposed to earmark 9 .1 EUR 1 billion . This equates to 
EUR 1 .3 billion annually over the seven-year budget peri-
od . By way of comparison, it is 60 times the current fund-
ing from TEN-E (Trans European Network - Energy) .

The money should be used to fund investments aimed 
at linking the European infrastructure, remove conges-
tion in the transmission system and ensure investments 
in cross-border interconnections . In addition to funding 
for physical energy infrastructure projects, funding is 
also provided for the development of technologies and 
”smart” energy infrastructure . The European Commis-
sion is responsible for the overall planning and selection 
of projects eligible for funding . 

Energinet .dk has indicated that the prioritisation of pro-
jects eligible for funding should be conducted on the ba-
sis of socioeconomic criteria to ensure investments in 
(cross-border) infrastructure projects with primarily re-
gional rather than national benefits . 
 

Billions for new energy 
infrastructure

Denmark heads the EU
When Denmark takes over the presidency of the EU Council 
of Ministers on 1 January 2012, energy issues will feature 
prominently on the political agenda . Amongst the considera-
ble tasks will be negotiations for the energy-efficiency direc-
tive and follow-up on the infrastructure package, which the 
European Commission presented in 2010 . Discussions about 
new energy infrastructure initiatives will be closely related to 
the negotiations concerning the EU’s coming multi-annual 
financial framework for 2014-2020 . 
Energinet .dk is focused on assisting the Danish Ministry of 
Climate, Energy and Building with the infrastructure package 
negotiations and subsequently help-
ing to ensure the development of an 
efficient and central energy infra-
structure at European level . 

§§ §§

Energinet.dk advancing with new EU rules
Energinet .dk is heavily involved in the development of the 
new European market rules that will apply to cross-border 
trading of electricity and gas across Europe . The objective is 
to contribute to a more efficient market so that the con-
sumers can receive electricity and gas at the lowest possible 
prices . The EU has assigned the task of creating new market 
rules which will apply throughout Europe to the two Euro-
pean bodies of cooperation for electricity and gas – ENTSO-E 
and ENTSOG – in which Energinet .dk cooperates with the 
other European transmission operators (TSOs) .
In this connection, Energinet .dk has been one of the main 
contributors to draft rules that should ensure an efficient 
allocation of the capacity in European gas pipelines through 
auctions . Experts from the European Commission and EU 
member states will now turn them into applicable legisla-
tion . 
Apart from contributing to the drafting of the rules, Energi-
net .dk has also elected to take a leading role in the imple-
mentation of the EU rules . Consequently, it has already been 
possible from 19 September this year to buy capacity on 
interconnections in accordance with coming EU rules that 
will come into force throughout the EU in 2014 . 



Green office building in Ballerup
Rainwater in the toilets, moss on the roof, LED lighting 
and geothermal heating . Energinet .dk’s new office build-
ing in Ballerup is constructed to energy class A1 and 
should be ready for 105 employees in November 2011 .   

The new building will replace the outdated facilities, 
which Energinet .dk is currently renting . Constructing a 
new office building has also turned out to be cheaper in 
the long term . 

– Sustainability and environment are the cornerstones  
of the new office building, says Preben Riis Jørgensen, 
Energinet .dk’s project manager at the site . 

The facades of the building afford passive solar shad-

ing in the form of vertical louvers . Thus allowing light in 
while keeping sunrays out, which reduces the impact of 
heat and the need for cooling . 

– We have installed highly efficient recycling units in 
the ventilation system . All ventilated air to the building 
runs through pipes in the ground, allowing it to be 
cooled in the summer and heated in the winter .  The fix-
tures and fittings have also been selected with a view to 
saving energy, says Preben Riis Jørgensen .

The almost 4,000 m2 of courtyard-styled building are 
arranged to afford optimal opportunities for sharing 
knowledge .

Illustration:	Henning	Larsen	Architects
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