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Case Study: Denmark; the Environmentally Friendly New Leader in Sustainable Energy Production, and 

Reduced Non-Renewable Resource Dependence 

By: Aaron G. Doan 

Introduction – “Renewable versus Non-Renewable” and the Environment 

 Rapid urbanization and population density vitally affect the ways in which the inhabitants of a 

region consume food and water, as well as the ways in which energy and heat is produced, managed and 

consumed. One of the world’s largest issues currently affected by the extreme change in regional 

demographics is the constant need for energy and development. Energy production and consumption can 

best be explained as forces currently dominated by non-renewable resources, from the exploration 

process, to the transportation and delivery of the final product to consumers such as homes, commercial 

buildings, and even mass consumers such as mines and large scale factories. This common dependence 

has resulted in a rapid depletion of the earth`s available resources including coal, oil, gas, diesel and other 

products. Another disadvantage to our current consumption rate is that the mining, production and 

consumption of these products all consequently result in detrimental effects to the environment.  

In the context of coal for example, not only are mining conditions hazardous to the employees, 

but potential acid drainage can result in the deterioration of any surrounding ecosystems. This can also 

be hazardous when mining close to the water table, potentially rendering aquifers contaminated. In the 

context of oil and gas extraction, the 2010 BP oil spill in the Gulf of Mexico paints a very clear picture of 

some of the risks associated with the transportation of resources, resulting in nearly 14 billion dollars to 

date in response and clean-up costs (Gilbert, 2015). Gas and oil pipelines also demonstrate hazards as 

they are known to weather over a long period of time and therefore must be intensively monitored. 
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These are just a few of the difficulties we face in managing demographic change and the consumption 

rates of non-renewable resources. 

Currently, several countries that have very densely populated areas are working hard to find new 

strategies and techniques that will reduce the rate of depletion of resources within that area. In many 

cases, these techniques not only reduce the rate of non-renewable resource depletion but also 

significantly reduce the consumer’s dependence on non-renewable resources, and lastly, minimizes the 

effects on the surrounding environment. For the most part, these techniques consist of harvesting 

essentially ‘free’ and readily available renewable energy for consumption as much as possible in order to 

reduce dependence on non-renewable resources such as coal, gas and oil as much as humanly possible. 

Denmark is currently acknowledged as one of the world’s leaders in this transition to renewable 

energy and reduced environmental impact, with an ambitious goal of being 100% renewable energy 

dependent by the year 2050 (Cardwell, 2015). They plan to do so by using as much wind energy and solar 

energy as possible, in combination with proportions of biomass energy, and lastly tidal energy which have 

proven to be somewhat less effective in the region (Lund, 2009). 

                                            

Figure 1.0: Map representing the geographic location of Denmark. Source: 

http://www.operationworld.org/denm 

http://www.operationworld.org/denm
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 The country’s vast coast line has demonstrated that is an ideal environment for a series of wind 

farms, which encouraged and resulted in the development of numerous immense series of on and 

offshore turbines (refer to figures 1.0 above, and 1.1 and 1.2 below) (The Official Website of Denmark, 

N.D.). Several areas of the country have also demonstrated rapid growth in solar district heating which 

does not create electricity, but provides renewable energy to heat homes and commercial buildings. This 

demonstrates our capability in increasing our dependence on available renewable resources (District 

Energy, 2013). Residents are even strongly encouraged to commute by bicycles in order to reduce the 

environmental impacts of greenhouse gases emitted by automobiles, and reduce the country`s overall 

dependence on non-renewable resources, whether imported or locally produced (ESRU, N.D.). 

 

Figure 1.1: Photograph of the Danish Vestas V164-8.0 MW, with a rated capacity of 8MW and rotor 

diameter of 164m, is currently the fourth biggest wind turbine in the world. This turbine is specifically 

designed for offshore operation. Source: http://www.power-technology.com/features/featurethe-worlds-

biggest-wind-turbines-4154395/ 

 

 

 

http://www.power-technology.com/features/featurethe-worlds-biggest-wind-turbines-4154395/
http://www.power-technology.com/features/featurethe-worlds-biggest-wind-turbines-4154395/
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Figure 1.2: Image of a Danish wind farm employee on top of a wind turbine. Source: 

http://www.nytimes.com/2015/01/18/business/energy-environment/green-energy-inspiration-from-

samso-denmark.html?_r=0 

 

 Their recognized accomplishments to date have consequently inspired a number of countries 

including China, Germany, Sweden and others to reduce their environmental impacts by shifting to 

renewable energy production and minimizing dependence on non-renewable resources. The success of 

Denmark is based not only on their energy production methods but also their innovative thinking and 

approach to sustainable energy and minimal environmental impact. Public support has also been a large 

factor in the large scale transition that is still underway. 

 For the purpose of this case study, the efforts being put forth by Denmark will be evaluated, 

techniques will be closely examined, criticisms may be made, and their goal of being fully dependent on 

renewable energy by 2050 will be assessed based on these various factors. Emphasis will be placed on 

their wind production, solar thermos district heating techniques and public support for renewable 

resources. This will also provide an insight into ways that their techniques can be extrapolated to new 

regions to determine where it may, and where it may not work as efficiently. 

http://www.nytimes.com/2015/01/18/business/energy-environment/green-energy-inspiration-from-samso-denmark.html?_r=0
http://www.nytimes.com/2015/01/18/business/energy-environment/green-energy-inspiration-from-samso-denmark.html?_r=0
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Background – Policies and Efforts Regarding Energy Resources, Climate and Environment 

Denmark is a relatively small country located in Northern Europe. It is recognized as the 

southernmost of the Nordic countries and has what is best described as a temperate climate 

characterized by mild winters and cool summers (GAISMA, 2015). The country itself has an interesting 

history regarding energy policies and energy management. It is believed that these policies were the 

results of the effects of the World Wars, as World Wars I and II both resulted in significant shortages of 

imported fossil fuels. This was followed by the global energy crisis of 1970 which resulted in drastic 

increases in oil prices (ESRU, N.D.). Following these traumatic experiences, the country found itself in an 

economic turmoil regarding available energy resources (ESRU, N.D.). Denmark was in a position where all 

of the available fossil fuels had to be imported from elsewhere in order to satisfy the country`s 

consumption at that time, which was becoming more and more expensive. Other possibilities such as 

hydroelectricity were attested unsuitable for the climate and environment of the country. These factors 

consequently meant that in order to produce sufficient energy to meet the country`s demand and 

consumption rates, other forms of energy production would have to be considered and reviewed.  

Subsequently, government of Denmark began funding research into the harnessing of renewable energy 

– i.e. solar energy and wind energy (ESRU, N.D.).  

The country`s coastline extends about 7,300 kilometers (4500 miles), providing ideal conditions 

for the construction of both on and offshore wind farms (refer to figure 1.3 below) (Jeppesen, 2014). 
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Figure 1.3: Image of an offshore windfarm off the coast of Anholt (an island in the Danish Straits). Source: 

http://www.dw.de/denmark-leads-the-charge-in-renewable-energy/a-17603695 

 

 The realization of the capacity of local wind energy demonstrated that this was a significant 

alternative route to previous techniques of energy production, and resulted in the production of “Energy 

2000”; a set of policies introduced in the early 1990’s that were meant to encourage sustainable 

development within the country`s energy sector. Subsequent policies were also introduced later in the 

1990’s that were essentially aimed at significantly reducing the amount of CO2 emissions (ESRU, N.D.). 

Goals were set specifically for certain industries such as the transportation sector, and industrial factory 

sector. Incentives for reducing carbon dioxide emissions were also implicated, such as carbon taxes, 

which meant that heavy consumers of fossil fuels would have to pay an extra tax to the government for 

the amount of emissions they emitted. Renewable energy was entirely omitted from this tax (ESRU, N.D.).   

This “carbon tax” can also closely be associated with the amount of bicycles used for transportation as 

opposed to vehicles. Some of the same policies can be associated with the growth in solar thermal district 

heating in Denmark over the last few decades as well.  

Denmark’s most recently set goals demonstrate their faith in eventually depending solely on 

renewable energy to meet the demand of the population. They are dedicated and anticipating that the 

entire country will be 100% dependant on renewable energy resources by the year 2050. The 
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government strongly believes that this will create more jobs, increase exported goods and reduce the 

country’s dependence on non-renewable energy (Jeppesen, 2014). 

 

 

Accomplishments to Date: Wind Energy 

 The result of the implemented policies mentioned above has been astounding. Over the 

years, a boom in renewable energy production was clearly evident in regions of the country, specifically in 

wind energy (refer to figure 1.4 below) (ESRU, 2009). 

 

Figure 1.4: 1) Wind Power – share of final electricity consumption and 2) Wind Capacity in MW* (y-axis) 

and years (x-axis), respectively. This image clearly represents how the policies implemented affected the 

production of wind energy in Denmark. *Note MW means maximum rate of energy generation. Source: 

http://www.esru.strath.ac.uk/EandE/Web_sites/01-02/RE_info/denmark.htm 

 

1) 2) 

http://www.esru.strath.ac.uk/EandE/Web_sites/01-02/RE_info/denmark.htm
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Wind energy has demonstrated to be a very valuable resource to Denmark in regards to 

electricity and hope for future sustainability. This is one of the main sources for energy within the region 

and stimulates a different market within the economy, thus reducing dependence on imported fossil fuels 

and other non-renewable resources that can be found locally but are inducing climate change and 

environmental degradation. 

Denmark is demonstrating rapid growth in their energy sector and the majority of this has been 

the construction and erection of wind turbines as confirmed by the figures above. Several wind turbines 

have been placed along the Northwestern coast of the country due to prevailing winds coming from the 

North Sea, however recently other regions have also been selected for the development of wind farms 

such as Anholt Island in the Danish Strait (Morris, 2013). On November 3rd 2013, Denmark exceeded its 

energy demand with only wind energy, however this was not even deemed exceptional in any way 

(Morris, 2013). In Denmark, power production tends to exceed power consumption at times of relatively 

low demand, such as Sunday evenings (Morris, 2013). When power generation from wind turbines and in 

central power stations exceeds the demand, the country is provided an opportunity to export wind 

energy to many of the surrounding countries such as Germany, Sweden and Norway (Refer to figure 1.5 

below). These trade agreements also benefit Denmark’s import relationships for the rare instances that 

they face difficulties meeting local energy demand (Morris, 2013). 
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Figure 1.5: Image demonstrating Denmark’s energy production, as well as import and exports in 

November, 2013. Source: http://energytransition.de/2013/11/denmark-surpasses-100-percent-wind-

power/ 

 

Recent growth in wind energy has demonstrated that the trend tends to be exponential due to 

the efforts being put in place and the population’s commitment to their policies and country. A series of 

statistical measurements were taken over a few months of 2013 and 2014 to provide an idea of the 

overall rate of growth within the energy sector. The full capacity of all of Denmark’s renewable energy in 

2013 was approximately 5 gigawatts, which was essentially equal to the average power demand of 
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Denmark’s power grid. These 5 gigawatts were produced by on and offshore wind turbines, and a 

minimal amount of solar photovoltaic energy. In that full year, wind energy provided approximately 33% 

of Denmark’s total power demand. Over the month of January, 2014, wind energy generated 

approximately 62% of the country’s overall power demand. On the single day of January 19th, 2014, wind 

energy generated an amount of electricity equal to approximately 105% of the country`s power demand 

for that given day (Martinot, 2015). **Note that these values represent the country’s electrical energy 

demand, and not the overall energy usage. 

Another more recent study took the overall production and consumption data and revealed that 

on average over the entire year of 2014, 39.1% of their entire electricity consumption was generated by 

wind turbines. This average was recognized as a world record in the energy sector, and incentive for the 

Danes to continue what they had been doing (Phillips, 2015).  Although this demonstrates that there is 

fluctuation on days of low energy demand and high energy demand, as well as climatic fluctuations 

through the seasons, the overall trend has demonstrated an increase in renewable energy and a country 

that is leaning even further towards sustainable energy. 

 The Danes have also implemented a plan that integrates the partial storage of excess energy as 

heat by running electric heating systems when the consumers power cost is low. Other suggestions have 

also demonstrated efficient methods of energy storage, such as storing the energy chemically through 

electrolysis in order to produce green hydrogen (Morris, 2013). 

 

Accomplishments to Date: Solar Thermal District Heating 

Based on a biomass/solar thermal design, the first solar thermal district heating project was 

constructed in 1988. Consuming only 1,000 square meters of area for solar collection, the Salturn Plant in 

Northern Jutland, Denmark, was the first of several to follow. By 2006, some of the plants being 
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constructed occupied up to 39,600 square meters of land for solar collection (District Energy, 2013). 

Refer to figure 1.6 below for an example of a solar thermal heating district collector setup. 

 

Figure 1.6: Example of a solar thermal district heating collection setup in Northern Europe. Source: 

http://www.solar-district-heating.eu/SDH.aspx 

 

 Recently, the Danish government has also set a similar target for solar district heating. They 

anticipate that heat generation will reach 1.4 Terawatts per hour by 2020, and 2.7 Terawatts per hour by 

2030. This will be achieved by distributing the solar collectors over an area of 8 million square meters, 

and is said to be capable of providing 10% of the country’s district heating demand. By 2050, the goal is to 

have reached a capacity of 7.0 Terrawatts per hour, which would sufficiently meet approximately 40% of 

the solar district heating demand (District Energy, 2013). 

 

Other Sources of Renewable Energy 

 Many residents of the area have installed their own photovoltaic setups for times that it is the 

relatively lowest costing obtainable power source (Cardwell, 2015). Many other regions of the country 

rely on biomass as a heating mechanism while others rely on geothermal activity and plant-based energy 

for heat. All of these types of resources are considered renewable and much more environmentally 
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friendly than fossil fuels, allowing the country to achieve green energy independence in 2005 (Cardwell, 

2015). 

 

Public Support 

 Many of these renewable energy projects are vitally important to the economy of Denmark and 

for this reason public support is essential. This is also key to ensuring long-term and successful spatial 

planning when producing development projects of vast size such as wind farms. The Danish Wind Industry 

Association believes that it is important for the Danish population must be involved and supportive of the 

plan to integrate and install more turbines to access more wind power (DWIA, 2009). A series of surveys 

have been conducted on the population of Denmark by the DWIA in order to determine where the 

population is in terms of support for wind energy, and determined as follows: 

 91 percent of the population believe that Denmark should expand the use of wind energy. 

 85 percent of the population think that expansion can comfortably take place in their local area. 

 96 percent of the population believe that Parliament should support the development of wind 

power so that Denmark can maintain its position as a ‘pioneer’ country. 

 62 percent believe that more than 50 percent of Danish electricity should come from wind 

energy. 

(Statistical information retrieved from DWIA, 2009) 

*Refer to figures 1.7 and 1.8 below to view an example of the type of survey questions provided to 

Denmark residents by the Denmark Wind Industry Association. 
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Figure 1.7: Image displaying one of the survey questions provided by the Danish Wind Industry 

Association. This image clearly demonstrates the population’s preferences for energy production in 

Denmark. Source: http://www.windpower.org/en/policy/public_opinion.html 

 

http://www.windpower.org/en/policy/public_opinion.html


                                                                                           GEOG 346 – Urban and Regional Change Management 
                                                                                           Case Study Project: Transitioning to Renewable Energy 

14 | P a g e  
 

 

Figure 1.8: A secondary example of one of the survey question asked to the population of Denmark and 

the results. The results demonstrate the local support for wind energy. Source: 

http://www.windpower.org/en/policy/public_opinion.html 

 

Criticisms 

 Denmark has clearly demonstrated that minimizing our dependence on non-renewable resources 

is possible. Their efforts in shifting to renewable resources and minimizing their effects on the 

environment clearly demonstrate their commitment to this new and innovative way of managing and 

maintaining regional demographic change, however there are a few of their techniques that can be 

criticised based on available literature and potential inconsistencies. Their techniques can also be 

criticised from other countries due to the fact that renewable energy sources (wind, solar, geothermal, 

http://www.windpower.org/en/policy/public_opinion.html
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hydro, tidal etc.) depend highly on the climate and environment of a given region. Lastly, wind turbines 

can be dangerous for local ecosystems and wildlife such as birds and bats. 

 Although the authors of the articles cited above provide referenced statistical information 

regarding energy production, management, demand and consumption, energy patterns do not sit at fixed 

values. This means that the energy demand can fluctuate so greatly that some of the statistics may not be 

representative over a long period of time. It would be extremely interesting to view a play by play 

webpage that illustrated in real time what the energy input and output proportions are for each type of 

energy production. This would allow more recently produced graphs to be plotted, and trends could be 

compared between the graph above (figure 1.4) in order to determine how exponential the growth in 

renewable energy is and how much growth has changed since 1998, where the previous study conducted 

ended.  

It would also be beneficial to prevent energy versus electricity confusion as some of the articles 

are discussing overall power including heating, while other articles are specifically speaking about 

electricity. Electricity only makes up a tenth of Denmark’s overall energy usage, which is still dominated 

by non-renewable fossil fuels such as oil, gas and coal. Although this is steadily shifting, this is not made 

clear in any of the reported statistics (Phillips, 2015). 

 Another criticism for this type of plan and policy production is the fact that these techniques are 

not globally effective. Many areas that are not in close proximity to the ocean or simply tend to have 

relatively low wind speeds or a complete lack of wind may have no capability to produce a sustainable 

amount of energy. Solar thermal district heating is a method of reducing non-renewable resource 

dependence however it is also site-specific, meaning that it may not work efficiently in certain areas that 

do not receive a sufficient amount of solar energy. Just as the Danes of the 1900’s came to the conclusion 

that hydroelectricity would be impractical in the region, many of their techniques that have made 
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significant progress towards their 2050 goal of 0% dependence on non-renewable resources would be 

futile in other regions of the world. 

 Lastly, a criticism that may be critical to consider is the effect on local wildlife. In 2013 alone, 

16,700 birds were killed by wind turbines in Canada (CBC, 2013). Studies in Denmark show no different. 

Birds of both onshore and offshore species are being killed by turbine collisions and the disturbance of 

their natural habitats. It is vitally important that turbine construction and windfarm development take 

into consideration the spatial distribution and sensitivity of local bird populations (BirdLife International, 

2009). Reports on bird impact statistics in Denmark were however not readily available. 

 

Conclusions 

 Overall, Denmark is demonstrating that it is not only the leader in the sustainable energy sector, 

but also in reduced dependence on all non-renewable resources. Through the implementation of policies 

such as carbon taxes, the construction of hundreds of effectively engineered wind turbines, the 

construction of solar thermal district heating collectors, and the harnessing of all other readily available 

‘free’ energy, Denmark has set the bar extremely high for other countries to attempt to meet. The ways 

in which they produce, manage, demand, and consume energy illustrates that there is no requirement to 

depend on a vast amount of oil, gas and coal when there are energy rich resources all around us that are 

not only sufficient to meet energy demand in many areas of the world, but also reduces how we depend 

on other countries and in turn encourage the mining, transportation, and retail of fossil fuels and other 

non-renewable resources. Consequently, these renewable energy techniques reduce risk assessment 

because several of these chemical rich materials no longer need to be imported in bulk for the public. 

 Although the methodology for their goal may seem impractical for other various locations such 

as Northern Canada, or perhaps Vancouver Island, the ambitious goal of Denmark being completely 
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renewable energy dependent by 2050 is completely possible. This will be achieved through the 

construction of several more windfarms, and the potential implementation of even further 

environmentally friendly policies such as preventing the construction of wind farms within the migratory 

paths of birds. It would make sense for the government of Denmark to provide some kind of bird impact 

statistics in order to provide a transparent and honest approach to potential flaws in their sustainable 

energy design. It would also be convenient to have access to an up to date list for each day’s country 

wide energy production and consumption and how various renewable resources are doing during 

specific times such as celebrations and holidays as opposed to Sunday evenings. 
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