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Abstract

This paper discusses the perspective of renewable energy (wind, solar, wave and biomass) in the making of strategies for a sustainable

development. Such strategies typically involve three major technological changes: energy savings on the demand side, efficiency

improvements in the energy production, and replacement of fossil fuels by various sources of renewable energy. Consequently, large-scale

renewable energy implementation plans must include strategies for integrating renewable sources in coherent energy systems influenced

by energy savings and efficiency measures. Based on the case of Denmark, this paper discusses the problems and perspectives of

converting present energy systems into a 100% renewable energy system. The conclusion is that such development is possible. The

necessary renewable energy sources are present, and if further technological improvements of the energy system are achieved the

renewable energy system can be created. Especially technologies of converting the transportation sector and the introduction of flexible

energy system technologies are crucial.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Sustainable Energy Development Strategies typically
involve three major technological changes: energy savings
on the demand side [1,2], efficiency improvements in the
energy production [3,4], and replacement of fossil fuels by
various sources of renewable energy [5,6]. Consequently,
large-scale renewable energy implementation plans must
include strategies for integrating renewable sources in
coherent energy systems influenced by energy savings and
efficiency measures [7–10].

First, the major challenge is to expand the amount of
renewable energy in the supply system. Renewable energy
is considered an important resource in many countries
around the world [11–18], but as illustrated in Fig. 1, on a
global scale less than 15% of primary energy supply is
renewable energy, and the major part is hydro power and
wood fuels in developing countries. Renewable sources,
such as wind and solar, only constitute a very small share
of the total supply. However, the potential is substantial.
And in some regions and countries, the share of renewable
e front matter r 2006 Elsevier Ltd. All rights reserved.

ergy.2006.10.017

35 83 09; fax: +45 98 15 37 88.

ess: Lund@plan.aau.dk.
energy has grown substantially during the last couple of
decades. Two major challenges of renewable energy
strategies for sustainable development can be identified.
One challenge is to integrate a high share of intermittent
resources into the energy system, especially the electricity
supply [19,20]. The other is to include the transportation
sector in the strategies [21,22]. Based on the case of
Denmark, this paper describes the challenges and discusses
the potential solutions to these challenges.
In Denmark, savings and efficiency improvements have

been important parts of the energy policy since the first oil
crisis in 1973. Hence, by means of energy conservation and
expansion of Combined Heat and Power production
(CHP) and district heating, Denmark has been able to
maintain the same primary fuel consumption for a period
of more than 30 years in spite of about 70% increase in
GDP. Moreover, 14% of fossil fuels have been replaced by
renewable energy. In the same period, both transportation
and electricity consumption as well as the heated space area
have increased substantially.
Thus, Denmark is an example of how sustainable

development strategies constituted by a combination of
savings, efficiency improvements and renewables can be
implemented. Consequently, Denmark is now facing the
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Fig. 1. World primary energy supply based on [42].

Fig. 2. Sustainable energy development.
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Fig. 3. Potential of RES in Denmark [20] compared to the primary energy

consumption in 2003.

Table 1

Potential renewable energy sources in Denmark (Danish Energy Agency,

1996)

Renewable energy source Potential

Wind (onshore) 5–24TWh/yr

Wind (offshore) 15–100TWh/yr

Photo Voltaic (10–25% of houses, 100–200kWh/m2) 3–16TWh/yr

Wave energy 17TWh/yr

Hydro power �0TWh/yr

Total electricity 40–160TWh/yr

Solar thermal (individual houses) 6–10PJ/yr

Solar thermal (district heating) 10–80PJ/yr

Geothermal 4100PJ/yr

Total heat 100–200PJ/yr

Straw 39PJ/yr

Wood 23PJ/yr

Waste (burnable) 24 PJ/yr

Biogas 31 PJ/yr

Energy crops 65 PJ/yr

Total biomass fuel 182 PJ/yr
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two problems of integrating the high share of intermittent
electricity from Renewable Energy Sources (RES) and
including the transportation sector in the future strategies.
Hence, reaching this stage of making sustainable energy
strategies the issue is not only a matter of savings, efficiency
improvements and renewables. It also becomes a matter of
introducing and adding flexible energy technologies and
designing integrated energy system solutions. Such tech-
nological changes are necessary in order to bring about
further sustainable development as illustrated in Fig. 2.

The Danish Energy Agency has estimated the realistic
biomass potential for energy purposes to 20–25% of the
present total primary energy supply. Meanwhile, Denmark
has a great potential for other sorts of renewable energy,
especially wind power. Therefore, Denmark is in many
ways a typical example of the situation in many countries:
the transportation sector is totally fuelled by oil, the
biomass potential is not big enough to replace fossil fuels,
but the potential of intermittent renewable sources is
substantial.
Based on the case of Denmark, this paper discusses the
problems and perspectives of converting present energy
systems into a 100% renewable energy system.

2. Potential renewable energy sources in Denmark

The potential of renewable energy sources in Denmark
was estimated by the Danish Energy Agency in 1996 as
part of the data which provides the basis of the Danish
Government energy plan ‘‘Energy 21’’[23]. The estimate,
which is shown in Table 1, dates back 10 years, and today,
it seems that some potential is underestimated. Especially
the offshore wind potential, which is very dependent on the
technological development, is considered higher today and
will increase in the future along with the growth in size of
the wind turbines. Furthermore, it should be noted that the
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theoretical biomass potential is as high as 530 PJ/yr, if
all farming areas are converted into energy crops, and
310 PJ/yr in the case that Denmark is self-supplied by food
and the rest of the areas are converted into energy crops.
Thus, the potential of a total of 180 PJ/yr including only a
minor share of energy crops is to be considered a ‘‘business
as usual’’ scenario in terms of food production.

Thus, the potentials are substantial, and only a small
share is utilised today. In Fig. 3, the minimum and
maximum potentials are compared to the present fuel
consumption in Denmark.

3. Reference scenario

Danish energy supply is traditionally based on fossil
fuels. Denmark has very little hydro power potential and
during the 60 and 70 s, the electricity supply was dominated
by large steam turbines located near the big cities.
However, after the first oil crisis, Denmark has become a
leading country in terms of implementing CHP, energy
conservation and renewable energy. Consequently, the
Danish energy system has been changed from a situation in
1972, in which 92% out of a total of 833 PJ was oil, into a
situation of today in which only 41% out of 828 PJ is oil. In
the same period, both transportation and electricity
consumption as well as the heated space area have
increased substantially. Today, the share of electricity
production from CHP is as high as 50%, and approxi-
mately 20% of the electricity demand is supplied by wind
power [24–29]. Fig. 4 illustrates the development from 1972
until today and shows the outlook for the future in
accordance with the reference scenario explained in the
following.

When analysing the possibilities of continuing the
development and replacing more fossil fuels by renewable
energy, two problems arise.

One problem is the transportation sector, which is
almost totally fuelled by oil. Consumptions have been
increasing from 140 PJ in 1972 to an expected 180 PJ or
more in 2020. Thus, the transportation sector accounts for
almost all of the expected oil consumption.
Primary Energy Consumption
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Fig. 4. Primary energy consumption in Denmark including expectations

to the future.
The other problem is the integration of electricity
production from CHP and wind power. Until recently,
the CHP plants have not been operated to balance
fluctuations in wind power and consequently, Denmark
has had problems of excess electricity production in periods
of strong winds.
In 2001, on request of the Danish Parliament, the Danish

Energy Agency formed an expert group to investigate the
problem of excess electricity production arising from the
high per cent of wind power and CHP in the Danish energy
system [30]. As part of the work, Aalborg University made
a series of long-term year 2020 energy system analyses of
investments in more flexible energy systems in Denmark
[31]. These analyses were carried out by use of the
EnergyPLAN energy system analysis computer model
[32–34]. As a reference for the analysis, the expert group
defined a Danish future year 2020 energy system in
accordance with Danish long-term energy policies and
strategies.
Compared to the present situation, the reference is

assuming the following development:
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The Danish electricity demand is expected to rise from
35TWh in year 2001 to 41TWh in year 2020 equal to an
annual rise of approximately 0.8%.

�
 The installed capacity of wind power in year 2001 is

expected to rise from 570 to 1850MW in East Denmark
and from 1870 to 3860MW in West Denmark in the
year 2020. The increase is primarily due to the
implementation of one 150MW offshore wind farm
each year.

�
 Existing large coal-fired CHP steam turbines are

replaced by new natural gas-fired combined cycle CHP
units when the lifetime of the old CHP plants exceeds.
Additionally, small CHP plants and industrial CHP are
due to a small expansion.

In 2001, the expert group conducted the analyses
separately on the western and the eastern parts of
Denmark, which have separate electricity grids. For
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Fig. 5. Principle diagram of the energy flow in the Danish reference energy system year 2020.
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practical reasons the analysis in the following has been
made for a joined system including all of Denmark.
Moreover, the expert group only included analyses of the
electricity system. Consequently, data for the rest of the
sectors including the transport sector have been added on
the basis of the official Danish energy plan ‘‘Energy 21’’.

The reference scenario was illustrated previously in Fig. 4
and the main figures are shown in Table 2. A diagram of the
energy flows in the system is given in Fig. 5.

4. Methodology

The aim of the analysis is to evaluate whether a 100%
renewable energy system is a possibility for Denmark and
to identify key technological changes and suitable im-
plementation strategies.

All changes have been calculated by use of the
EnergyPLAN energy system analysis model. Consequently,
the energy balance of each system has been calculated for
each hour of the year taking into account the intermittent
nature of RES, limitations in capacities of flexible
technologies as well as demands for ancillary services.

The EnergyPLAN model has been used for a number of
similar analyses of large-scale integration of renewable
energy [33,35–39].

4.1. Sustainable energy system technologies

The starting point for the analysis is the key assumption
that sustainable development involves three major techno-
logical changes, namely energy savings on the demand side,
efficiency improvements in the energy production, and
replacement of fossil fuels by various sources of renewable
energy. Consequently, the three following technological
changes have been identified for the analysis.

Savings: A 10% decrease in the demand of electricity,
district heating and the heating demand in households and
industry.

Efficiency: A combination of better efficiencies and more
CHP. Better efficiencies are defined as 50% electric output
and 40% heat output of CHP plants. This can be achieved
either by partial implementation of fuel-cell technology or
by improvements of existing steam-turbine/engine technol-
ogies. More CHP is defined as a 50% of fuels for individual
houses and industry being converted into CHP partly by
district heating.

RES (renewable energy sources): Increasing the biomass
fuels from 34 to 50TWh/yr (125–180 PJ/yr) and adding
2.1 TWh solar thermal to district heating and 5000MW of
photo-voltaics to the electricity production.

All: A combination of the three measures described
above.
It should be noted that such technological changes are

moderate compared to the maximum potential. Thus, it is
both possible and realistic to save more than 10% as well
as to replace more than 50% by CHP, etc.

4.2. Flexible technologies

When increasing savings, efficiency measures and renew-
ables the problem of integration becomes important and so
does the issue of including transportation. Consequently,
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the following improvements of system flexibility have been
defined for the analysis:

Transport: Oil for transportation is replaced by electri-
city consumption according to a scenario described by Risø
National Laboratory [40]. Vehicles weighing less than 2 t
are transformed into a combination of battery vehicles and
hydrogen fuel cell vehicles. In the scenario, 20.8 TWh of oil
is replaced by 7.3 TWh of electricity. Here, the same ratio
has been used for converting the total oil consumption of
50.7 TWh in the reference scenario into an electricity
consumption of 17.8 TWh. The electricity demand has been
made flexible within a week and with a maximum capacity
of 3500MW.

Flexible CHP and heat pumps: The next step is to include
small CHP plants in the regulation as well as adding heat
pumps to the system. A 1500MWe Heat Pump capacity
with a COP of 3.5 has been analysed.

Electrolysers and wind regulation: The final step is to add
electrolysers to the system and at the same time provide for
the inclusion of wind turbines in the voltage and frequency
regulation of the electricity supply.

The three measures and their technical designs are
described in more details in [39,41].
Table 3

Resulting fuel consumption and excess electricity production for the

alternatives in year 2036 compared to the reference year 2020

TWh/yr REF Savings Efficiency RES All

Total fuel

consumption

218 205 248 220 238

Electricity excess 8.4 9.6 45.5 11.7 48.2
5. Results

First, the consequences of each of the three sustainable
technological changes have been analysed as well as the
combination of the three. The results are shown in Fig. 6 in
terms of primary energy consumption.

Fig. 6 shows that the tendency is an increase in the fuel
consumption rather than a decrease. This is due to the fact
that such technological changes lead to a substantial
increase in the electricity excess production. More CHP,
better efficiencies, less demand (savings) and more inter-
mittent resources all lead to a higher excess production
unless something is done to prevent such problems. The
resulting excess productions are given in Table 3.

The general tendency is that the intention to decrease
fossil fuels leads to an increased excess production.
Existing lack of flexibility:raise in excess
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Fig. 6. Primary energy consumption year 2020 in the reference compared

to the three technological changes including electricity excess production.
One way of avoiding the excess electricity production is
to utilise it for domestic purposes. Here, such analysis has
been carried out for the following priority: In the case of
excess production, the CHP units are first replaced by
boilers, secondly, boilers are replaced by electric heating,
and thirdly, the production from wind turbines and/or
photo-voltaics is simply reduced. This is a rather simple
and inexpensive way of avoiding excess production; the
results are shown in Fig. 7.
Now, all technological improvements result in a decrease

in fuel consumption. However, the decrease is small since
most of the benefit of the technological improvements is
lost in the excess production problem. Another problem is
the high share of oil for transportation. Consequently, the
first step of flexibility is to convert all transportation fuel
from oil to electricity, as described in the previous section
and shown in Fig. 8. In this case, both the reference and all
the alternatives result in a decrease in fuel consumption.
The final step in the analysis has been to add better

flexibility in terms of heat pumps and CHP regulation
together with electrolysers as described in the previous
section. Hereafter, the RES alternative has been combined
with the other measures and finally wind power has been
added to the system until the resulting fuel consumption
was equal to the available biomass resources of 180 PJ
(50TWh)/yr. The results are given in Fig. 9.
In this case, the main question is how much wind power

is needed in order to fulfil the objective. The resulting wind
power capacity is given in Table 4. As seen, the Danish
energy system can be converted into a 100% renewable
energy system when combining 180 tJ/yr of biomass with
Using excess for domestic purposes
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Fig. 7. Same as Fig. 6 but without electricity excess production (the excess

production is used to replace fuels).
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Fig. 8. Primary energy consumption (same as Fig. 7) when oil for

transportation is replaced by electricity for electric vehicles and hydrogen

vehicles.

Heat Pump, electrolyser and additional RES
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Fig. 9. Primary energy consumption (same as Fig. 8) when converting to

100 per cent RES.

Table 4

Resulting fuel consumption and needed wind capacity

TWh/yr REF Savings Efficiency All

Total fuel consumption

(TWh/yr)

134 125 121 112

Wind power (GW) 27.1 22.1 18.6 15.6

Annual wind cap. (MW/yr)

Lifetime ¼ 30 years

900 740 620 520

Primary Energy Consumption 
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Fig. 10. Primary fuel consumption if Danish energy system is converted

into 100 per cent RES.
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5000MW photo-voltaics and between 15 and 27GW of
wind power.

In the reference, 27GW wind power is necessary, while
in the combination with savings and efficiency improve-
ments, the necessary capacity is reduced to 15GW.

With an expected average lifetime of 30 years of new
offshore wind power a total capacity of 15GW can be
reached by installing 500MW/yr. Subsequently, the 15GW
can be maintained by a continuous replacement of 500MW
each year. Since 3GW has already been installed, the total
capacity can be reached within approximately 25 years, i.e.
in year 2030.
In Figs. 10 and 11, the primary fuel consumption and the
energy flow of such a system are illustrated. The two figures
are comparable to the previous Figs. 4 and 5.

6. Conclusion

Sustainable Energy Development Strategies typically
involve three major technological changes: energy savings
on the demand side, efficiency improvements in the energy
production, and replacement of fossil fuels by various
sources of renewable energy. Consequently, large-scale
renewable energy implementation plans must include
strategies for integrating renewable sources in coherent
energy systems influenced by energy savings and efficiency
measures.
However, when reaching a high share of intermittent

resources in combination with CHP and savings, the
making of sustainable energy strategies becomes a matter
of introducing and adding flexible energy technologies and
designing integrated energy system solutions. Such tech-
nological changes are required in order to generate further
sustainable development.
Based on the case of Denmark, this paper has discussed

the problems and perspectives of converting present energy
systems into a 100% renewable energy system.
The aim of the analysis is to analyse whether a 100%

renewable energy system is a possibility for Denmark and
to identify key technological changes and suitable im-
plementation strategies.
All changes have been calculated using the EnergyPLAN

energy system analysis model. The energy balance of each
system has been calculated for each hour of the year taking
into account the intermittent nature of RES, limitations in
capacities of flexible technologies as well as demands for
ancillary services.
The following improvements of system flexibility have

been identified as being essential to the conversion of the
energy system into a 100% renewable system:
First, oil for transportation must be replaced by other

sources. Given the limitations in Danish biomass resources,
solutions based on electricity become key technologies.
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Fig. 11. Principle diagram of the energy flow in a 100 per cent Danish renewable energy system.

H. Lund / Energy 32 (2007) 912–919918
Moreover, such technologies increase the potential of
including wind power in the ancillary services of maintain-
ing voltage and frequency in the electricity supply.

The next key point is to include small CHP plants in the
regulation as well as adding heat pumps to the system.
Such technologies are of particular importance since they
provide for the possibility of changing the ratio between
electricity and heat demand while still maintaining the high
fuel efficiency of CHP.

The third key point is to add electrolysers to the system
and at the same time provide for a further inclusion of
wind turbines in the voltage and frequency regulation of
the electricity supply.

By implementing the three key technological changes the
analyses show that the Danish energy system can be
converted into a 100% renewable energy system when
combining 180TJ/yr of biomass with 5000MW photo-
voltaics and between 15 and 27GW of wind power. In the
reference, 27GW wind power is necessary, while in
combination with savings and efficiency improvements
the needed capacity is reduced to around 15GW.

15GW wind power can be reached by installing
500MW/yr. Today Danish manufactories produce ap-
proximately 3000MW wind power per year.
References

[1] Blok K. Enhanced policies for the improvement of electricity

efficiencies. Energy Policy 2005;33(13):1635–41.

[2] Lund H. Implementation of energy-conservation policies: the case

of electric heating conversion in Denmark. Appl Energy 1999;

64(1-4):117–27.
[3] Lior N. Advanced energy conversion to power. Energy Convers

Manage 1997;38(10-13):941–55.

[4] Lior N. Thoughts about future power generation systems and the role

of exergy analysis in their development. Energy Convers Manage

2002;43(9–12):1187–98.

[5] Afgan NH, Carvalho MG. Multi-criteria assessment of new and

renewable energy power plants. Energy 2002;27(8):739–55.

[6] Afgan NH, Carvalho MG. Sustainability assessment of

hydrogen energy systems. Int J Hydrogen Energy 2004;29(13):

1327–42.

[7] Li X. Diversification and localization of energy systems for

sustainable development and energy security. Energy Policy

2005;33(17):2237–43.

[8] Muneer T, Asif M, Munawwar S. Sustainable production of solar

electricity with particular reference to the Indian economy. Renew-

able Sustainable Energy Rev 2005;9(5):444–73.

[9] Ghanadan R, Koomey JG. Using energy scenarios to explore

alternative energy pathways in California. Energy Policy 2005;

33(9):1117–42.

[10] Hvelplund F. Renewable energy and the need for local energy

markets. Energy 2006;31(13):2293–302.

[11] Alnatheer O. The potential contribution of renewable energy to

electricity supply in Saudi Arabia. Energy Policy 2005;33(18):

2298–312.

[12] Huacuz JM. The road to green power in Mexico—reflections on the

prospects for the large-scale and sustainable implementation of

renewable energy. Energy Policy 2005;33(16):2087–99.

[13] Duke R, Williams R, Payne A. Accelerating residential PV

expansion: demand analysis for competitive electricity markets.

Energy Policy 2005;33(15):1912–29.

[14] Montes GM, del Mar Serrano Lopez M, del Carmen Rubio Gamez

M, Ondina AM. An overview of renewable energy in Spain. The

small hydro-power case. Renewable Sustainable Energy Rev

2005;9(5):521–34.

[15] Kaldellis JK, Vlachou DS, Korbakis G. Techno-economic evaluation

of small hydro power plants in Greece: a complete sensitivity analysis.

Energy Policy 2005;33(15):1969–85.



[16] Cavaliero CKN, Da Silva EP. Electricity generation: regulatory
mechanisms to incentive renewable alternative energy sources in
Brazil. Energy Policy 2005;33(13):1745…52.

[17] El Sayed MAH. Solar supported steam production for power
generation in Egypt. Energy Policy 2005;33(10):1251…9.

[18] Gnansounou E, Dauriat A, Wyman CE. Re“ning sweet sorghum to
ethanol and sugar: economic trade-offs in the context of North
China. Bioresour Technol 2005;96(9):985…1002.

[19] Duic N, Graca Carvalho M. Increasing renewable energy sources in
island energy supply: case study Porto Santo. Renewable Sustainable
Energy Rev 2004;8(4):383…99.

[20] Lund H. Large-scale integration of optimal combinations of PV,
wind and wave power into the electricity supply. Renewable Energy
2006;31(4):503…15.

[21] Ghanadan R, Koomey JG. Using energy scenarios to explore
alternative energy pathways in California. Energy Policy 2005;
33(9):1117…42.

[22] Lund H, Munster E. Integrated transportation and energy sector
CO2 emission control strategies. Transport Policy 2006;13(5):
426…33.

[23] Danish Government. Energy 21, The Danish Government•s Action
Plan for Energy. Copenhagen: Ministry of Environment and Energy;
1996.

[24] Lund H. A green energy plan for Denmark„job creation as a
strategy to implement both economic growth and a CO2 reduction.
Environ Resource Econ 1999;14(3):431…9.

[25] Lund H, Ostergaard PA. Electric grid and heat planning scenarios
with centralised and distributed sources of conventional, CHP and
wind generation. Energy 2000;25(4):299…312.

[26] Lund H. Choice awareness: the development of technological and
institutional choice in the public debate of Danish energy planning. J
Environ Policy Planning 2000;2:249…59.

[27] Lund H, Andersen AN. Optimal designs of small CHP plants in a
market with ”uctuating electricity prices. Energy Convers and
Manage 2005;46(6):893…904.

[28] Lund H, Hvelplund F. Does environmental impact assessment really
support technological change? Analyzing alternatives to coal-“red
power stations in Denmark. Environ Impact Assessment Rev
1997;17(5):357…70.

[29] Maeng H, Lund H, Hvelplund F. Biogas plants in Denmark:
technological and economic developments. Appl Energy 1999;
64(1…4):195…206.

[30] Danish Energy Agency. Rapport fra arbejdsgruppen om kraftvarme- og
VE-elektricitet. Report from the expert group on CHP and RES
electricity. Copenhagen: Danish Energy Agency; 2001 [in Danish].

[31] Lund H, Mu n̈ster E. AAU•s analyser (Aalborg University Analyses). In:
Bilagsrapport fra arbejdsgruppen om kraftvarme- og VE-elektricitet
(Attachment report from the expert group on CHP and RES electricity).
Copenhagen: Danish Energy Agency, 2001. p. 35 [in Danish].

[32] Lund H, Mu¨nster E and Tambjerg L. EnergyPLAN, Computer
Model for Energy System Analysis, version 6.0. Division of
Technology, Environment and Society, Department of Development
and Planning, Aalborg University, / http://www.plan.auc.dk/tms/
publikationer/workingpaper.phpS, 2004.

[33] Lund H, Mu¨nster E. Modelling of energy systems with a high
percentage of CHP and wind power. Renewable Energy 2003;
28(14):2179…93.

[34] Lund H. EnergyPLAN, new facilities in version 6.5. Department of
Development and Planning, Aalborg University; 2005.

[35] Lund H. Excess Electricity Diagrams and the Integration of
Renewable Energy. Int J Sustainable Energy 2003;23(4):149…56.

[36] Lund H, Clark WW. Management of ”uctuations in wind power and
CHP comparing two possible Danish strategies. Energy 2002;
27(5):471…83.

[37] Lund H, Mu¨nster E. Management of surplus electricity-production
from a ”uctuating renewable-energy source. Appl Energy 2003;
76(1…3):65…74.

[38] Lund H. Large-scale integration of wind power into different energy
systems. Energy 2005;30(13):2402…12.

[39] Lund H, Munster E. Integrated energy systems and local energy
markets. Energy Policy 2006;34(10):1152…60.

[40] Nielsen L, Jørgensen K. Electric Vehicles and renewable energy in the
transport sector„energy system consequences. Roskilde: Risø
National Laboratory; 2000.

[41] Ostergaard PA. Modelling grid losses and the geographic distribution
of electricity generation. Renewable Energy 2005;30(7):977…87.

[42] International Energy Agency. Energy Balances 1997…1998. Paris:
2000.

ARTICLE IN PRESS
H. Lund / Energy 32 (2007) 912–919 919


	Renewable energy strategies for sustainable development
	Introduction
	Potential renewable energy sources in Denmark
	Reference scenario
	Methodology
	Sustainable energy system technologies
	Flexible technologies

	Results
	Conclusion
	References


