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T
The TransiTion of The Danish energy 
system to a system based only on renewable energy in 2050 
carries many challenges. for Denmark to become indepen-
dent of fossil energy sources, wind power and biomass are 
expected to become the main sources of energy. onshore 
and offshore wind farms are expected to provide the major-
ity of electricity, and biomass and electricity are expected to 
become the major sources of heating. on the way toward the 
100% renewable goal in 2050, the Danish government has 
proposed a 2035 midterm goal to cover the energy consump-
tion for power and heat with renewables.

Today, Danish electricity consumption makes up approx-
imately 20% of total national energy consumption; this fig-
ure is expected to increase in the coming decades to between 
40% and 70%, depending on how much of the transport and 
heat sector’s energy consumption is transferred to elec-
tricity. Wind power’s share of total power consumption 
is expected to be approximately 50% by 2020. The entire 
energy system is thus facing a fundamental transition. The 
power system is expected to play a key role in future energy 
supply. Denmark’ goal of being independent of fossil energy 
sources imposes great demands on all energy subsystems—
power, gas, heat, and transport—and therefore should be 
managed in a holistic manner.

The first half of this article describes a future Danish energy 
system with a large share of fluctuating renewable energy 
sources. The interactions among the different energy subsys-
tems will be described. such interactions become necessary to 
provide the needed flexibility to handle the fluctuating energy 
production. supplementing the broad overview given in the 
first half of the article, the second half will present evidence 
from hands-on experiences with enabling flexible electricity 
consumption in Denmark. 

Energy Management and Complexity
a simplified diagram showing the energy flows and some 
of the most important subsystems and technologies in the 
future Danish energy system is given in figure 1. 

The total energy system consists of multiple technolo-
gies and includes energy production, distribution, conver-
sion, and consumption (ePDCC), as shown in figure 1. 
ePDCC networks and models are tightly interconnected. in 
other words, energy networks are—and will be more and 
more—large-scale, valuable, complex, and interconnected 
systems requiring complex decision making in all phases. 
energy management is among the biggest challenges of 
this complex system, and the difficulties will only increase 
in the coming years. This complexity calls for advanced 
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methods of modeling, optimization, forecasting, and control. 
as indicated by the red dashed line in figure 1, however, 
a successful implementation for both scenario analysis and 
online decision making calls for simplified or operational 
system models that can describe the entire energy manage-
ment system.

The modeling of such complex systems will require 
advanced techniques for model building, sophisticated com-
putational methods, and high-power computing facilities. 
it is important to consider the operation of the system on a 
number of time scales, from close to real time (to ensure an 
instantaneous power balance) to seasonal and annual analy-
ses, as the dynamics of both generation and consumption 
operate on a variety of time scales. 

Tools based on mathematical modeling and optimization 
techniques have a long history in supporting planning and 
operational decisions. Current challenges, however, call for a 
new generation of systems or a major revision of some of the 
most promising existing systems. This is due to the increas-
ing complexity and scope of the ePDCC network. systems 
that were considered independent from each other, like the 
national electrical and gas networks, must in the future be 

considered as a single, integrated system—a system that 
also includes an increasing number of distributed and partly 
unpredictable renewable sources and smart grids. This is 
extremely challenging because the models will necessarily 
be huge and at the same time must consider many complex 
elements, like the stochasticity of energy demand and of 
wind and solar power.

Besides models and optimization, future energy systems 
call for advanced techniques for online forecasting and 
advanced (e.g., hierarchical) control. These techniques also 
call for intelligent iT solutions, which must be an integrated 
and important backbone of the future ePDCC network. 
simulation tools, for instance, must be able to simulate these 
integrated intelligent systems; otherwise, decisions about the 
potential integration of system elements, including renew-
ables, cannot be made.

The extreme complexity of the task calls for a highly 
interdisciplinary research activity related to all aspects of 
energy system integration, with experts in all disciplines 
closely collaborating in establishing mathematical models 
for forecasting, control, and optimization approaches that 
exactly reflect the reality of the future ePDCC networks. 
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on the other hand, these models must be solvable within the 
time limits set by the operational requirements.

Interaction Among Subsystems: 
Flexibility Is the Key
The transition of the energy system into a system based on 
fluctuating energy sources presumes that the system allows 
energy movement in both time and space and between sys-
tems, so as to continuously meet consumer energy demand 
and to increase the market value of the renewable energy 
sources. There is a need for an energy system that can ensure 
competitive prices in energy services, even though the prices 
of energy resources vary. a precondition for a cost-effective 
transition is that energy consumption begin to respond to 
energy prices. 

To meet the challenges related to flexibility, markets in 
which energy is traded must be developed. a precondition 
for well-functioning markets is that infrastructure is suffi-
ciently developed to support them and that market design 
is in place. in the short term, the needed flexibility in the 
energy system and the security of supply must be ensured by 
supporting market development and through the expansion 
of international interconnections for electricity and gas. 

along with the increase in the share of fluctuating energy 
production, the socioeconomic benefit of integrating the 
heat, gas, power, and transport systems is increased. in the 
long term, an efficient use of larger amounts of wind power 
will require extensive energy storage, and in this connection, 
district heating, gas, and transport systems offer a number 

of interesting opportunities. There is also a need to produce 
fuels for energy services that cannot be efficiently supplied 
using electricity, such as heavy transport and a number of 
industrial processes. for these purposes, biomass resources 
become essential. over the long term, so does generating 
power with gas in combination with wind power production.

Denmark already has an extensive combined heat and 
power (ChP) system, a nationwide natural gas system, 
and experience in handling high proportions of wind 
power. The flexibility of the future must be built on these 
strengths and by adding new solutions for even closer and 
more efficient interactions among the heat, gas, power, and 
transport sectors. 

The Power System
as mentioned, the power system will be challenged in the 
future due to the integration of large amounts of variable 
generation such as wind power. in the power system, opti-
mal utilization of domestic flexibility both in demand and 
production combined with strong infrastructure and inter-
national electricity markets are absolute preconditions for 
maintaining the security of supply and achieving the best 
value from the renewable energy production.

The primary challenge of the Danish power system is 
that the share of wind energy in 2020 will be 50% of the tra-
ditional electricity consumption on an annual basis and in 
the long term even more. in the future, wind power produc-
tion will exceed consumption in many hours and to a much 
greater extent than today, and there will also be periods 

figure 1. Overview of a future Danish energy system. The orange-and-grey cylinders indicate technologies and subsystems  
with storage capabilities.
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when wind power cannot meet demand. There must, how-
ever, be a balance between production and consumption in 
the transmission system. Today, ChP plants and interna-
tional interconnectors are able to ensure this balance for the 
most part.

To maintain security of supply and to increase the value 
of the wind power, increased demand response and smart 
interactions among the gas, heating, and transport systems 
must help to provide new services for storage and balanc-
ing of electricity in the future. The potential for shifting 
consumption is expected to increase along the increase in 
electricity consumption through the development of a range 
of technologies. some of the possibilities for flexibility and 
storage of electricity in the heat, gas, and transport sectors 
are shown in figure 2. The figure shows estimates of the 
total annual need for storage in the Danish energy system 
and the estimated storage potentials (measured in energy 
content) for various technologies in 2050. in the electric-
ity system, flexibility and storage are needed over a time 
frame from seconds to months. Utilization time frames in 
the electricity system vary by technology: some technolo-
gies can be used for flexibility and storage within seconds 
to hours, while other technologies are more suited for long-
term storage during periods lasting weeks or months. The 
estimated storage demand is for a normalized year, and 
therefore an increased storage capacity may be needed in 
extremely dry or extremely wet years or years with unusual 

variations in annual wind power, heating demand, and so 
on. The costs shown in the figure are estimated annual costs 
for storage capacity (operation and maintenance), based on 
Danish energy agency forecast technology data from 2012 
for energy plants.

The Heating System
The current Danish heating system consists of a number of 
district heating systems (covering approximately 60% of the 
heat supply) and areas heated by natural gas. in the more 
sparsely populated areas, heating is supplied by individual 
heating plants such as oil burners, burners fired with wood 
pellets, and so on. 

District heating in the form of hot water is relatively 
cheap to store. it can utilize energy loss in connection with 
conversion processes, and it can facilitate flexibility by gen-
erating heat from different plants connected to the grid, e.g., 
from ChP plants for power generation at periods of high 
power prices and from heat pumps producing heat from 
electricity at periods of low power prices or by using surplus 
heat from industrial processes, biofuel production, power-to 
gas-technologies (electrolysis), or similar processes. a well-
developed district heating system is therefore important to 
ensure high energy efficiency and flexibility. 

By virtue of its expansion of ChP and integration of large 
amounts of wind energy, Denmark is already at an advanced 
stage with regard to integrated heating and power system 

figure 2. Estimates of the total annual need for storage in the Danish energy system and the estimated storage potentials 
(measured in energy content) for various technologies in 2050.  (USG = underground gas storage in salt caverns and in 
aquifers.)
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solutions. There is still considerable potential for increasing 
synergies between the two systems, particularly by means of 
heat pumps, expansion of heat storage, and remote cooling. 
one solution that has been demonstrated is the use of electric 
boilers, which function like large immersion heaters to heat 
water for district heating. Wind power can thus be used for 
heating when the power price is low; at the same time, the 
electric boilers take part in balancing consumption and pro-
duction in the power system. The electric boilers have few 
operation hours due to cost effectiveness and are best suited 
for use as peak load units in the district heating systems. But 
as more excess wind is available, these systems will reduce 
the amount of fossil fuel needed for heating. 

Besides electric boilers, large central electric heat pumps 
can be used in the district heating systems. heat pumps are 
most effective when used over long operation periods, and 
the technology is more expensive than electric boilers. But 
in return, heat pumps are more energy-efficient, as they 
can produce three to four times more heat per kilowatt-
hour of electricity used. To date, we have had only limited 
experiences with central heat pumps in district heating 
systems worldwide. analyses show that district heating 
can deliver valuable flexibility to the power system if ChP 
capacity can be maintained and heat pumps can be estab-
lished at the same time. 

remote cooling, where cold water is distributed in a 
closed pipe system in the same way as district heating, 
also holds possibilities for storage in storage tanks, either 

when the power price is low or in case of surplus heat in 
connection with electricity generation. The energy con-
sumption for remote cooling is approximately half that of 
traditional cooling.

in areas outside the collective heat supply, it is (in gen-
eral) cost-effective to convert oil burners and electric heat-
ing to utilize individual heat pumps, which supports the 
integration of wind power. finally, in the longer term, new 
types of energy conversion, including biomass for fuel and 
electrolysis for fuel can provide surplus heat, which can then 
be utilized for district heating.

The Gas System 
The Danish gas system, which today is primarily used for 
natural gas, could be used to transport other “renewable” 
gases, such as methane obtained from biomass, and the sys-
tem can store large amounts of energy for longer periods 
by using the two existing gas storage facilities. its storage 
capacity is 1 billion normal m3 methane, corresponding to 
11 TWh or 25% of the total current annual gas consump-
tion. The role of the gas system is therefore, considered 
of great importance in Denmark in relation to ensuring 
cost-effective seasonal storage and flexibility in the future 
energy system. 

The various possibilities for interaction between the gas 
system and the other energy subsystems in Denmark are 
shown in figure 3. Unlike the storage technologies in the 
district heating sector, the conversion of electricity to gas 

figure 3. Possible interactions between the gas system and the other energy subsystems in Denmark.
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can store energy over several seasons, e.g., from summer for 
use in the winter months, and the gas can be converted back 
to electricity on days in which the wind is insufficient to sat-
isfy demand.

in the short and medium term, the natural gas system is 
considered an important bridge builder toward an energy 
system based on greater proportions of renewable energy. in 
the longer term, gas from renewable energy is considered 
an important element of the future energy system because 
gas can be produced flexibly from biomass and waste and 
even from electricity, based on renewable energy. rela-
tively large quantities of energy can be placed in gas stor-
age facilities, and gas can be used directly for transport, 
in industrial processes, and to produce electricity in peak 
load situations. gas can also be converted into liquid fuels. 
natural and renewable gas can serve as buffers in periods 
in which production of renewable energy from wind and 
hydroelectric power is low, i.e., in “dry years” and “light 
wind years.” 

The Transport System
The transport sector constitutes a special challenge for the 
future energy supply in Denmark. according to projections, 
this sector is expected to grow considerably in the com-
ing decades. When one examines potential uses for large 
amounts of wind power, electrification of parts of the trans-
portation sector can provide additional electric consumption. 
This will provide the best energy efficiency, and a long-term 
efficient socioeconomic cost is expected. Today, however, 
there is a lot of uncertainty about the expected prevalence 
of electric vehicles, and there is also a need for fuels in the 
transport segment that cannot be supplied by electric power. 
The current use of biogas and natural gas as fuels in the 
transport sector is already one of the best socioeconomic 
initiatives undertaken for replacing 
oil in the Danish transport sector.

in the long term, the transport 
sector is expected to develop in the 
direction of replacing oil with fuels 
produced from renewable energy 
sources such as wind, biofuels, and 
gas produced from electricity. a 
number of fuels are being considered 
as possible alternatives to oil, includ-
ing methane, methanol, hydrogen, 
and synthetic gasoline.

Demand Response 
Management and Smart 
Metering 
advances in energy-metering tech-
nologies facilitate the recording of 
energy consumption data at much 
higher temporal resolutions, allow-
ing insight into the behavior of 

consumers, providing valuable information on consump-
tion patterns, and paving the way for the real-time pricing of 
electricity. The collection and distillation of this information 
into a useful form is a computational challenge, particularly 
when considering that much of this computation may need 
to occur in real time. new research has shown that frequent 
recording of the energy consumption data for heating or 
cooling can be used to characterize the energy performance 
of a building and hence to identify the “low-hanging fruit” in 
terms of possibilities for energy savings as well as to identify 
the time constants for the thermal dynamics of a structure. 

information from frequent meter readings is also useful 
for demand response management solutions. new research 
has demonstrated how electricity consumption for heating 
buildings can be controlled through variable pricing, thereby 
activating its latent flexibility. a recent paper by halvgaard, 
Poulsen, Madsen, and Jørgensen has shown how the thermal 
capacity of buildings can be used to shift the energy consump-
tion in buildings with heat pumps to periods with low electric-
ity prices. Using such methods, the heating system of a house 
becomes a flexible power consumer in the smart grid. The 
approach includes forecasts of both weather variables and the 
electricity price. Compared with traditional operation of heat 
pumps with constant electricity prices, the optimized operat-
ing strategy that was used saves 25–35% of the electricity cost, 
and at the aggregation level the method demonstrates a frame-
work for shifting power consumption according to fluctuating 
wind power production. a simple case study demonstrating 
these principles is presented in the next section. 

The implementation of such variable pricing will, how-
ever, require an overhaul of the existing national taxation 
and regulation structure, as indicated in figure 4. Changes 
to the tariff structure should not be limited to the end user. 
in fact, it may be desirable to develop entirely new market 

figure 4. Possible measures to activate and utilize flexibility in electricity 
demand.
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structures to suit a paradigm in which uncertain renewable 
generation sources make up a very high proportion of the 
generation portfolio and the behavior of demand can be fore-
cast and hence manipulated for the provision of a range of 
system services.

The transition to renewable energy and power sources 
will result in a dependence on stochastic resources, includ-
ing both generation and consumption. efficient management 
of such systems will require expertise in stochastic optimi-
zation and modeling, statistics, and computing. forecasting 
will play an equally pivotal role for all stakeholders in the 
energy system and markets. an important example related 
to demand response management is a requirement for fore-
casting models describing the dynamic relation between 
price and consumption. one such example is described in 
the following section.

Controlling Electricity 
Consumption Through Forecasting 
as a consequence of the expected future increase in pho-
tovoltaics, electric vehicles, and heat pumps located on the 
lower-voltage grid in the Danish system, distribution grid 
operators and the parties responsible for maintaining bal-
ance are looking into new procedures for peak shaving and 
for moving consumption in time and space. accessing the 
potential flexibility of the residential segment calls for rather 
simple approaches, however. 

new methods for controlling Danish electricity consump-
tion using price signals have recently been suggested. in the 
flexPower and iPower projects, such price-based methods 
for controlling electricity consumption by forecasting its 
response to prices are or will soon be simulated and tested. 
These are sometimes called “indirect control” approaches, 
since power consumption is controlled indirectly by a price 

signal rather than directly by turning appliances on and off. 
in the United states, the concept of “transactive energy” has 
been suggested as a similar practice.

Let us briefly describe one methodology that contains a 
forecast of the potentially aggregated response. Based on 
the forecast, real-time prices are determined by means of an 
optimization or control theoretical approach in such a way 
that actual power consumption aims to track a desired refer-
ence. in the future, this reference would be the total renew-
able energy production. This methodology thus turns things 
around: for a classical power system, energy production is 
controlled so as to keep up with demand, whereas in the 
new approach consumption is controlled so that it balances 
the actual production. for a more detailed description, see 
the paper by Corradi, ochsenfeld, et al. listed in the “for 
further reading” section.

in what follows, these techniques for a forecast-based 
control of power consumption are outlined using a real-life 
case study. The purpose is to obtain a better synchronization 
between fluctuating energy generation and heat consumption 
for a particular group of houses. 

Based on data from a real-life experiment using 27 houses 
(located on the olympic Peninsula) equipped with price-
responsive appliances, a model for forecasting household 
price response was established. This enabled the construc-
tion and implementation of a price generator (controller) 
at a forecast-control portal, with the purpose of tracking a 
certain consumption target (e.g., one keyed to fluctuating 
energy production).

The electric heating and cooling system (along with 
clothes dryers and water boilers) were controlled by price. for 
the heating system, the flexibility was activated by lowering or 
augmenting the temperature thermostat (set points) in accor-
dance with the electricity price from the forecasting-control 
portal while remaining within predetermined comfort-related 
limits. slow variations in prices were filtered out; the result-
ing standardized price is centered around zero, as illustrated 
in figure 5.

additional flexibility was introduced by changing the maxi-
mum and minimum set points and the price sensitivities accord-
ing to certain predefined occupancy modes (“home mode,” 
“work mode,” and “night mode”). obviously, when one is not 
at home a larger range is possible—say, from 17 °C to 26 °C—
but when one is home less flexibility is desirable. 

To be able to forecast the price response of the aggre-
gation of households, a model describing the dependency 
on outdoor air temperature, solar radiation, wind speed, figure 5. Temperature set point as a function of price.
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time of day, and, finally, the price was established. for the 
olympic Peninsula, the data sensitivity of the price signal is 
illustrated by the step response function shown in figure 6. 
assuming a positive step change in price takes place at hour 0, 
we notice that consumption drops almost immediately, but 
after a few hours consumption is back where it started. This 
forecast model is used to establish a control system for find-
ing the optimal price signal, with the purpose of obtaining a 
given consumption pattern. The control system developed is 
sketched in figure 7.

now this forecast-based control portal can be set to 
use a time-varying price signal to control (to some extent) 
power consumption. for the actual case this is illustrated 
in figure 8, which shows consumption with and without a 
price response. 

The main advantage of the illustrated indirect price-
based control of the aggregated power consumption using 
a forecast-control portal is that the setup is rather simple. 
another plus is that predictions such as weather forecasts 
can easily be integrated in the portal and thus taken into 
account for advanced model predictive control. The indi-
rect portal solution is simple; the signal—i.e., the price—is 
just a one-way signal that can be broadcast, and the meters 
should be able to accumulate not only the energy consump-
tion (in energy units) but also the accumulated cost.

The potential to extend this methodology to other house-
hold appliances and add the possibility of substitutions 
among energy sources indicates that this approach con-
tains many key elements for implementing future intelligent 
energy solutions.

Mobilizing Local Flexible 
Loads and Generators for 
Balancing and Ancillary Services 
Dong energy, a leading energy group 
in northern europe, is actively working 
to demonstrate how flexible loads and 
distributed generation assets can be 
aggregated from the distribution layer 
into a virtual power plant and used in 
the existing power and ancillary ser-
vices markets. The aggregated port-
folio acts like a conventional power 
plant and can offer traditional power 
services to the Tso and balancing 
markets. This concept is called Pow-
erhub; a mixed Powerhub commercial 

portfolio consisting of different generation and load assets is 
already in operation in Denmark (see figure 9). The genera-
tion assets can be wind power, hydropower, or industrial or 
decentralized ChP plants, e.g., greenhouses. flexible loads 
are often found at industrial consumers and include cold 
storage, wastewater plants, pumping stations, and water sup-
ply facilities; but they are also present with fleets of electric 
vehicles (eVs) and control units for hVaC systems in build-
ings. Powerhub was developed as part of a large eU project 
called Twenties (the largest seventh framework Programme 
for research, or fP7, energy project so far) that is addressing 
the challenges of integrating large-scale wind power into the 
european system.

Powerhub has demonstrated the ability to aggregate flex-
ibility across a portfolio of assets and combine and control 
the response of the units so that primary- or secondary-
frequency services can be traded and delivered to the Tso. 
Moreover, the platform can aggregate the larger energy 
volumes—e.g., from controllable load and generation—and 
trade these as balancing services in the regulating markets. 

figure 7. Sketch of the control system used to control electricity consumption 
using price signals.
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other services, such as reactive power support and provision 
of virtual inertia, have also been demonstrated by Power-
hub. The main challenge in building a virtual power plant is 
not software but rather running the right business processes 

toward the markets and getting the 
asset owners to share their flexibility. 
Customers are not always aware of 
what flexibility they have, and they are 
very concerned about ensuring that 
their primary production purposes 
and internal business processes are 
never compromised. The core com-
ponent within Powerhub is its ability 
to handle mixed assets and optimize 
contracts across the different mar-
ketplaces that are trading flexibility. 
Moreover, Powerhub is seen as a key 
differentiator within Dong energy’s 
front-end activities with respect to 
energy savings and energy advice.

as a real demonstration case, 
Dong energy’s Powerhub  con-
trols some flexible water pumps at 
the furesoe Water Company (total-

ing 150 KW). The water company provides access to 
five waterworks operating on fresh groundwater with 
aeration and sand filtration. serving 35,000 customers and 
using 1.7 million m³ of drinking water, the company has 

figure 9. Overview of the functionality of PowerHub as it collects and aggregates the power consumption, 
power production, and flexibility from different demand and supply resources and offers the aggregated demand, 
production, and flexibility to the various power markets.
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an annual electricity consumption of 1,075,000 kWh. The 
water company is facing rising energy costs and high pres-
sure to produce energy savings and improve its environ-
mental profile. Powerhub defines the tolerance span of the 
pumps without interfering with primary production and 
actively controls and optimizes the unit’s consumption. 
Through this optimization, Powerhub can create real value: 
it produces significant electricity cost savings by shifting 
the use of power to times when electricity prices are low, 
and it provides access to additional income by delivering 
ancillary services such as frequency support to the Tso 
by increasing or decreasing loads. This second value pool 
is currently only available by participation through an 
aggregator such as Powerhub, as the furesoe assets are too 
small to bid into the markets by themselves. in addition, 
Powerhub can control and optimize the consumption mix 
to target a carbon-neutral profile, e.g., by consuming when 
wind or solar generation is abundant. The commercializa-
tion of these services is still in its early stages, but proof of 
value and concept has been given. one of furesoe’s con-
cerns was whether energy use in its water management sys-
tems would increase due to changed operational patterns. 
if that were the case, the customer would not have been 
able to share its assets’ flexibility with the energy system. 
But Powerhub has documented that water pump energy use 
is only shifted in time and that, at worst, the total use of 
energy is kept constant. 

The work done in the Twenties project has shown that 
flexibility is available from industrial customers but that 
aggregating flexibility from residential segments is still 
not feasible in the Danish market. in the future, however, 
when additional power demand enters the residential seg-
ments via heat pumps and electric vehicles, there will be a 
relevant amount of flexible volume to mobilize. Moreover, 
the intelligent integration of these units into the manage-
ment of distribution grids will be necessary in the future and 
can create a new value pool for Powerhub. Distribution grid 
operators will be challenged in the future with new loads 
that are doubling and tripling individual household peak 
consumptions and must consider either putting in new cables 
or starting to buy peak-shaving services from local flexible 
loads or generators. The Danish research platform iPower is 

currently looking at how to create a marketplace for trading 
flexibility services to Dsos. solutions are being developed 
and demonstrated that react to real-time prices and tariffs 
and also offer aggregation and control through aggrega-
tors, where reserves can be procured for later activations 
and settlements.

Conclusions
Denmark has already established its role as a pioneer in 
the race to achieve true sustainability by putting in place 
highly ambitious goals for a renewable power system and 
eventually an entirely renewable energy system. These goals 
are highly challenging, and without intensive research the 
challenges may prove insurmountable. Denmark is ideally 
equipped with infrastructure and supply systems to facilitate 
a demonstration of research results in this area. a multidis-
ciplinary approach should mirror the envisaged integration 
of the individual sectors of transport, heating, and power and 
ensure that a truly sustainable future is attainable in the best 
and most efficient manner, taking all constraints and interac-
tions into consideration.
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For Denmark to become independent of fossil energy sources,  
wind power and biomass are expected to become  
the main sources of energy.


