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Introduction  1


The aim of this report is to describe Danish experiences with wind integration and discuss their relevance 
 regarding the integration of wind and solar power in Indonesia, particularly regarding grid connection. In 
 this respect, Indonesia is facing the following tasks and challenges: 


1) To establish policies and regulatory measures that will help accelerate the development of wind 
 power and other variable renewable sources.  


2) To ensure a secure and stable electricity system where demand and supply is balanced, system 
 operation is smooth, and voltage/frequency is under control, even if 10% or more of the energy 
 mix is covered by wind power production in the future. 


3) To ensure an economically efficient operation of the electricity system with an optimal utilisation 
 of wind power. 


4) To evaluate potential wind power projects and on the basis of evaluations, to decide which po-
 tential wind power projects can be approved and accepted for grid connection, while still main-
 taining a secure and balanced electricity system.  


5) To ensure a smooth integration of solar power in the Indonesian power system. 


The specific focus of the report is thereby on regulatory and technical power system integration chal-
 lenges, primarily related to wind power. The report is based on Danish experiences with integration of 
 wind power, and these experiences are - to the extent possible for the Danish experts with their current 
 knowledge of the Indonesian electricity system - related to the Indonesian context. Chapter 2 provides 
 an historical overview of wind power development in Denmark. Chapter 3 focuses on the nature of pow-
 er generation from wind turbines; chapter 4 discusses how policy can support an expansion of wind pow-
 er, and chapter 5 shares Danish experiences from operating the power system with high wind power 
 penetrations of up to 42%. Chapter 7 discusses Danish experiences with power system flexibility measures 
 designed to aid the integration of wind power and chapter 9 discusses how to assess and approve grid 
 connection of wind power plants. Finally, chapter 10 will briefly discuss Danish experiences from grid inte-
 gration of photovoltaics. Based on lessons learned from Denmark, the end of most chapters will discuss 
 how to address challenges faced by Indonesia today with regards to the topics of the specific chapters.  


This specific composition of topics is the result of discussions between the Indonesian and Danish partners 
 in the project. 


The report will provide additional information, knowledge and guidance to MEMR (e.g. DG Electricity and 
EBTKE) and PLN as well as other stakeholders involved with the regulatory and technical aspects of inte-
grating wind and solar power into the power system in Indonesia. The report is equally intended to form 
the basis for a fruitful discussion between Indonesian and Danish experts.   
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Historical development of wind power in Denmark  2


This chapter will describe wind power development in Denmark from the very first initiatives taken by pio-
 neers, through the energy crisis in the 1970s, and the beginning of the modern wind industry up to the 
 most recent developments of the wind industry looking into onshore and offshore wind power in Denmark 
 today. The chapter will also describe the electrical power system in Denmark today, and through the 
 historical overview, external factors that led to growth in the wind industry, particularly changes to the 
 Danish power system, will be discussed. 



2.1   The oil crisis in the 1970s and the foundation of the modern wind industry 


The Danish physicist Poul la Cour built the first electricity generating wind turbine in 1891 with funds from the 
 Danish government. The wind turbine produced direct current, and supplied its electricity to the school 
 where Poul la Cour was a teacher, and later also to some of the villagers in the small town Askov in Den-
 mark.  


Danish engineers improved the wind turbine technology during World War I (1914-18) and World War II 
 (1939-1945) in order to maintain the electricity supply during energy shortages. By the end of World War I, 
 3% of Danish electricity consumption was covered by wind power.  


At the start of World War II, the Danish company, F.L Smidth, developed a new wind turbine with aerody-
 namic wings. The Smidth turbines are considered frontrunners for the modern wind turbine generators. After 
 World War II, another pioneer of the Danish wind industry, Johannes Juul, further improved the wind tech-
 nology and developed the famous Gedser wind turbine. The 200 kW Gedser wind turbine generated 2.2 
 million kWh in 1956 -67. Despite Johannes Juul’s success with the Gedser-turbine, the Danish Association of 
 power stations, whom had contributed with funding of the Gedser wind turbine, decided to suspend the 
 wind power programme in 1962 with the justification that due to the current low oil prices wind turbines 
 would not be able to compete with traditional power plants.  


However, the energy crisis in 1973-74 changed this perception. In 1973, oil prices increased significantly, and 
 as a result, wind energy as well as other alternative energy sources regained interest. The interest in alterna-
 tive energy technologies was now represented in both the general population and amongst the politicians 
 in Denmark.  


Following the oil crisis, one of the first modern wind turbines, the “Tvind-turbine” was built, driven solely by 
 public initiatives. A key driver behind the Tvind-turbine was a resistance towards nuclear power. Denmark at 
 the time of the oil crisis did not yet have any nuclear power stations, however plans for construction of 
 Denmark’s first nuclear power plant were well advanced, and the Tvind-turbine was a hope for an alterna-
 tive energy solution to nuclear power. The Tvind-turbine was erected in 1975-78, and became an important 
 source of inspiration to the key technicians in the upcoming wind industry.  


The energy crisis in 1973-74 also made politicians aware of the necessity of long-term planning and regula-
 tion of the energy sector. The first Danish energy plan dates back to 1976, followed by the introduction of 
 an electricity supply act, a heat supply act, and an act regarding the introduction of natural gas in 1979. 


The development of renewable energy technologies also became a high priority among politicians. In 
1978, a test station for wind turbines was established at Risø near Roskilde in Eastern Denmark, and the year 
after, the parliament agreed to subsidise to 30% of the total project costs for new wind power projects. This 
subsidy system was in place until 1989, when it was changed to a feed-in tariff. Chapter 4 further discuss the 
political initiatives to support wind energy in Denmark.  
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 Since the first energy plan in 1976, various governments throughout the years released several reports pre-
 senting comprehensive plans of the Danish energy sector development. 


Figure 2-1: Energy plans in Denmark


In the second energy plan released in 1981, nuclear power was still included, however, with the precautions 
 of conducting further investigations into the handling of nuclear waste and general security issues. The en-
 ergy plan likewise mentioned that based on the nuclear investigations, if the government were to decide to 
 apply nuclear power, the decision would first have to go through parliament and if passed, the question 
 would be put to a referendum. The referendum never happened though, as a majority in the parliament in 
 1985 voted against nuclear power and directed the government to conduct energy planning without in-
 cluding nuclear power. The ongoing debate in Denmark throughout the 1960s and 1970s about using nu-
 clear power, among both the public and politicians at that time, had come to an end.  


At the same time as the parliament decision on public energy planning without nuclear, a co-generation 
 agreement emphasising small-scale combined heat and power (CHP) plants became a major energy poli-
 cy priority. In addition, increased priority was given to renewable energy, which led to an agreement in late 
 1985 between the Danish government and the power producers to install additional wind power capacity. 


In 1990, politicians agreed on increasing the use of both natural gas-fired CHPs and biomass for heat in 
 district heating. At the same time, they agreed to further increase the installation of wind power.  


The transition of the power system that started in the 1980’s has today proven to have played an important 
 role in the Danish success with integrating wind power into the power system. As the power plant operators, 
 as result of the political initiatives, started to generate a share of their electricity production from wind pow-
 er, they quickly discovered  an economic benefit in reducing production from the power plants during 
 periods with high wind production. Hence, extending the operational range of the power plants was pur-
 sued in order to better regulate the plant’s production to fit the variations in wind power production. It is 
 worth noting though, that the motivation to enhance the operational flexibility was not only created by an 
 increasing penetration of renewable energy, but also by changing market conditions, when the power 
 markets were liberalised. Consequently, the first significant optimisation of the conventional power plant 
 operational flexibility was driven by the change of the marked price when entering into the liberalised 
 power market between 1995 and 2000. Today, the most advanced combined heat and power plants in 
 Denmark have an operational range between 10% - 100% of the nominal power. Since the 1990s, the CHP 
 plants in Denmark have thereby been one of the measures to create flexibility in the power system and 
 allow for a large amount of wind power to integrate while keeping the curtailment rate negligible. 


The wind industry that arose in the late 1970s was thereby a result of a large public engagement and politi-
cal goodwill towards the development and expansion of wind power. The first batch-produced Danish 
wind turbines from the late-1970s had an output of 22 kW and were mainly sold to private families who 
wanted to cover their own electricity consumption. As the wind turbines gradually scaled up to 55, 75 and 
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 95 kW through the course of the 1980s, many of the turbines were erected by locals organised in wind tur-
 bine cooperatives. During the early 1980s the Danish wind industry had likewise experienced a boom in 
 export to California, which at the time had a blooming renewable energy market. This, however, changed 
 as the California wind power market came to a halt in 1985.  


In the start of the 1980s, around 20 companies were active in the wind industry in Denmark. However, after 
 the consolidation of the industry through the 1990s, the wind industry became dominated by large, partly 
 internationally owned and listed companies. Since 1995, the majority of wind turbines erected were thereby 
 also owned by people, energy companies and other commercial wind power companies. The only wind 
 turbine manufacturers in Denmark today are Vestas and Siemens (previously Bonus, Nordtank and Micon); 


both emerged from the wind power development in Denmark in the 1980s. 


2.1.1  References: 


1.  Thomas Ackermann, editor. Wind power in power systems. John Wiley and Sons Ltd, 2nd edition, 2012  
 2.  Danmarks Vindmølleforening, Fakta om vindenergi, Faktablad M5, Maj 2013 


3.  Goddard, Robert et al. A Brief History of the Wind Turbine Industries in Denmark and the United States, 
 Academy of International Business (Southeast USA Chapter) Conference Proceedings, November 2004, 
 pp. 322-327.¨ 


4. Preben Maegaard, Tvindmøllen viste vej, 


http://www.folkecenter.dk/dk/rd/vindkraft/48017/tvindmollen/, February 2009, accessed: 01-08-2016 
 5. Danish Energy Agency/Added Values, Flexibility in the Power System, 2015 


6. Erik Holm, 25 år uden A-kraft: Sangene var nej-sidens stærkeste våben, https://ing.dk/artikel/25-ar-uden-
 kraft-sangene-var-nej-sidens-staerkeste-vaben-107650, 2010, accessed: 01-08-2016 


7. State of Green, District Energy, 2016 


8. Kort energihistorie, http://www.hfnet.dk/Historie/sw1756.asp, accessed: 01-08-2016 
 9. Danish Energy Agency, Danish experiences from offshore wind development, 2015 
 10. Danish Energy Agency, Wind Turbines in Denmark, 2009 


11. Flemming G. Nielsen, Energistyrelsen, Dansk energipolitik gennem 40 år, 2016 



2.2  The electrical power system in Denmark today 


2.2.1 Historical change 


The power system in Denmark has changed significantly in the past 40 years. As a result of the oil crisis in the 
 1970s, Denmark converted the power system from being heavily based on oil, to heavily based on coal. The 
 power system in the 1980s in Denmark therefore consisted of a few large coal-fired central power stations 
 as seen in the left side of Figure 2-3.  


Since the change to a large coal-fired dominated power system, the Danish power system continued to 
 develop over the last 30 years. Particularly over the past two decades the predominant proportion of new 
 capacity being established has been small-scale, decentralised CHP plants andwind turbines. During the 
 1990s huge investments took place in these new technologies leading to a much more decentralised pro-
 duction, and a huge increase in the number of generating units. During the 1980s and 1990s, many heat-
 only district heating plants was converted to combined heat andpower production, mainly gas fuelled. 


Government-led heat planning establishing a framework for local authorities enabled this development. An 
electricity generation subsidy for small-scale CHP plants facilitated the financial incentive to invest in CHP 
conversion.  
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 The development of new methods for controlling and regulating the power system required the decentral-
 ised power production set-up, and provided a more diverse energy mix and hence more security of supply 
 as renewables are less exposed to import constraints and price fluctuations. Hence, a policy structured 
 around diversification of supply, market integration, sustainability and increased energy efficiency through 
 the widespread use of combined heat and power resulted in a current Danish power system with strong 
 interconnectors, distributed power generation from small to medium sized heat and power plants, widely 
 deployed wind turbines, and use of biomass in many large power plants.  


Figure 2-2 Danish Power Station and CHP fuel consumption historically and forecast 


2.2.2 Today’s power system 


The change from the 1980s large coal-fired power system to the current decentralised power system can 
 be seen in Figure 2-3 on the following page. 


In 2014, the total installed power generation capacity was roughly 15 GW – including wind turbines. In re-
cent years, thermal capacity declined slightly, and at the end of 2014 was approximately 9.5 GW. Peak 
load demand has been rather stable for several years around 6.5–6.6 GW. Annual demand in 2015 was 33.6 
TWh and has been stagnant or declining since 2010. 
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 Figure 2-3: The Danish power system. Dominated by central power stations in the 1980s and today changed into a de-
 centralised power system with large amount of wind power 


The internal transmission grid is strong and interconnector capacity to the neighbouring countries is almost 
 equal to peak load (Import capacity from Germany 2.2 GW, Sweden 2 GW and Norway 1.6 GW). The in-
 stalled power capacity and capacity of interconnectors in Denmark is illustrated in Figure 2-4 together with 
 the maximum and minimum demand range. 


Figure 2-4: Capacity of power generation and interconnectors in Denmark and demand range of Denmark
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 The Danish power system is divided into two separate power systems, East and West, with a DC intercon-
 nection between the two areas, called the Great Belt. The Eastern power system (Zealand) is synchronised 
 with the Nordic power system, also called the Nordic synchronised area. The Western power system (Jut-
 land and Fyn), is synchronised with the continental European system.  


2.2.3  Power market and the role of the Danish TSO  


Until the late 1990s, Danish electricity production and supply was not regulated by market forces. In the 
 1980s, wind turbines and other small producers of electricity had obtained a right to sell all of their pro-
 duced electricity to the large power companies at fixed prices, but apart from that, the Danish electricity 
 sector was in reality a monopoly. In the 1990s, the European Union, which Denmark joined in 1973, em-
 barked on the journey towards creating an inner market for electricity in the EU. This liberalisation process 
 created huge structural changes to the European power sector, driven by the belief that competition 
 would lower electricity prices.  


Today the electricity market is fully implemented and well-functioning. The state-owned Transmission System 
 Operator (TSO) “Energinet.dk” carries the responsibility for security of supply and operation of the market, 
 together with its sister organisations in Norway, Sweden, Finland and the Baltic States. 


Electricity can be traded both bilaterally between generators/traders and distribution companies/end-
 consumers/traders and via the Nordic Power Exchange (NordPool). Use of this market system for electricity 
 has eased integration of wind and reduced costs of buying power from abroad. As wind power is sold to 
 the market, the balance of generation serves as cost efficient backup helping to balance supply and de-
 mand at all times. 


NordPool is a series of international electricity trading markets, incorporating the Scandinavian and Baltic 
 countries. Hourly power contracts for physical delivery during the next 24-hour period are traded in the spot 
 market (NordPool Spot); owned jointly by the Nordic transmission system operators (TSOs). On the spot mar-
 ket the market price is settled for every hour and for every regional area. The spot market (day-ahead mar-
 ket) is considered the world’s most liquid electricity market. The Nord Pool Spot has a market share of 84% in 
 the Nordic region.  The Nord Pool Spot exchange also runs an intraday market for physical trade called 
 Elbas. On the Elbas market, electricity can be traded up to one hour before physical delivery. Two other 
 markets also exist: The regulating power market and the reserve capacity market. Sellers and buyers there-
 by can trade themselves into overall balance through the intra-day market before the TSOs finally ensure 
 the physical system balance via the regulating market. 


Due to the cross-border trading both before and after liberalisation, Denmark has strong interconnectors to 
 the neighbouring countries. Theoretically, the interconnector capacity is so high, that Denmark could im-
 port close to all of its electricity consumption (as seen in Figure 2-4), with the exception of some of the high-
 est peaks. Construction of even more cross-border interconnector capacity continues, as this is an im-
 portant prerequisite for integration of a growing share of fluctuating renewables in Denmark, on, and off-
 shore, wind in particular. 


According to EU requirements, Denmark has an independent TSO, which is not allowed to own or operate 
generation capacity. One of the TSOs important roles is to secure a transparent and non-discriminatory 
day-ahead market as a so-called playmaker. The TSO owns and operates the high voltage network (132 kV 
up to 400 kV) as well as interconnectors to neighbours. The TSO is now fully state owned, has its own plan-
ning with a strategic outlook, as well as strong project management skills in terms of new infrastructure. The 
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 structure of the electricity sector is so that all generation is fully commercialised, whereas distribution is a 
 regulated business.  


The energy market is described in greater detail in chapter 6. 


2.2.4  References 


1.  Danish Energy Agency, System Integration of Wind Power, Energy Policy Toolkit, 2015 
 2.  Danish Energy Agency, Energy Policy in Denmark, 2012 


3.  Danish Energy Agency, Danish experiences from offshore wind development, 2015 
 4.  Danish Energy Agency, Energy Statistics 2014, 2014 


5.  Energinet.dk, Elforbindelser til udlandet, 
http://www.energinet.dk/DA/ANLAEG-OG-



PROJEKTER/Generelt-om-elanlaeg/Sider/Elforbindelser-til-udlandet.aspx
, 2016, accessed: 01-08-2016 


2.3   Onshore and offshore wind power in Denmark today 


The size of wind turbines have undergone considerable scaling since the 1970s. Up to the mid-1990s, the 
 majority of wind turbines erected had an output of 225 kW or less. A large proportion of these have since 
 been replaced by fewer, larger wind turbines under a repowering scheme. Onshore wind turbines in the 
 1970s and 1980s were often spread out in the landscape, which meant that they affected a very large area 
 with a quite limited installed electrical output. Since 2001 several repowering programmes have been intro-
 duced with the aim to incentivise the scrapping of old outdated turbines and have them replaced with 
 new more effective ones placed in a more structured manner and integrated into the overall planning 
 framework. 


The number of wind turbines in Denmark peaked in 2000 at more than 6,200 installed turbines, of which 
 more than half were older wind turbines with an electrical output of less than 500 kW. Almost all installed 
 capacity was on land at this time. Since then, the number of wind turbines has decreased by around 1,000, 
 while the total installed output capacity has more than doubled from just below 2,400 MW in 2000, to 5,085 
 MW by December 2015.  


Around 5,200 onshore wind turbines are installed in Denmark today. They are scattered across the Danish 
 territory, although concentrations of turbines are higher in the western part of the country and in coastal 
 regions where wind is ample. Disregarding onshore test sites for offshore turbines, the largest Danish wind 
 turbines onshore today have a capacity of 3.6 MW.  


During the last two decades in particular, Denmark has seen a move towards offshore wind. The main driver 
 for Denmark to move offshore is the scarcity of land for onshore sites, and the abundance of shallow waters 
 with ample wind resources. In 1991 Denmark became the first country in the world to take wind turbines out 
 to sea with 11 x 450 kW turbines in the Vindeby offshore wind farm. This was followed by a number of smaller 
 demonstration projects, leading to the first two large offshore wind farms Horns Rev I and Nysted, with out-
 puts of 160 MW and 165 MW respectively.  


It is considerably more expensive to build and operate offshore wind turbines than onshore wind turbines. 


On the other hand, wind production conditions are better at sea with higher wind speeds and more stable 
wind conditions. The first offshore wind farms in Denmark were built because power companies were given 
political orders to do so. Today, offshore wind farms are licensed in a competitive tender process, and the 
cost of producing this electricity is reflected in a feed-in tariff, which is given per kWh produced up to a 
certain amount of generated electricity.  
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 With almost 1,300 MW offshore wind turbines connected to the electricity grid in 2013, Denmark is still one of 
 the largest developers of offshore wind farms. The largest wind turbine deployed offshore today is 3.6 MW, 
 while 8 MW turbines are undergoing testing.  


Figure 2-5 displays onshore and offshore wind sites in Denmark today. The blue colour shows the current 
 areas with offshore and onshore wind turbines. As can be seen from the figure, several offshore areas have 
 been identified for future offshore wind sites. 


Figure 2-5: Onshore and offshore wind turbines in Denmark 


In 2015 there was a total of 3,814 MW onshore wind power capacity in Denmark that produced roughly 
 9,300 GWh, while a total of 1,271 MW offshore wind power capacity produced around 4,833 GWh, reflect-
 ing the higher wind speeds at sea. Hence, approx. 1/3 of the electricity generated by wind turbines came 
 from offshore turbines and 2/3 from onshore turbines. 


The wind power generation relative to the domestic electricity consumption has grown steadily since 1980. 


In 1990, the share was 1.9%, and since then it has increased sharply. In 1999 the figure topped 10%, and in 
2010 it reached 22% of the electricity demand. In 2015 the wind penetration amounted to 42% of Danish 
power consumption. Figure 2-6 shows the wind deployment as a percentage of national power demand 
from 2005 to 2015. In 2020, the target is to have 50% of the Danish electricity demand covered by wind 
power.  
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 Figure 2-6: Development in wind power from 2005-2015 in Denmark in relations to the electricity consumption in Denmark. 



2.4  The relevance of Danish experience for Indonesia  


Denmark is a small country compared to Indonesia and the Danish power system is well connected to the 
 larger European power grid. This could potentially lead to the conclusion that Danish experiences from 
 integration of renewables are hardly replicable to Indonesia, which is a large country with no or weak con-
 nections to neighbouring countries, and even within the country. However, many facilitating factors for 
 integration of fluctuating renewables enjoyed by Denmark, such as transmission and interconnectors, flexi-
 ble generation units, as well as forecasting and operational planning tools can be replicated wholly or part-
 ly within parts of Indonesia such as the Java-Bali system.  


The Danish power system with an annual demand of around 32 TWh is considerably smaller than the Indo-
 nesian with an annual consumption of approximately 158 TWh, and therefore more dependent on connec-
 tion to neighbouring countries. Indonesia, without the option to benefit from connection to neighbouring 
 countries’ power systems, might be able to find important resources within the country. The Java-Bali system 
 with its annual consumption of approximately 127 TWh is an example of this. For comparison, the Nordic 
 power system (Denmark, Norway, Sweden and Finland) has a total annual consumption of around 380 TWh, 
 and Denmark’s neighbouring power system to the South (Germany) has an annual consumption of around 
 520 TWh. 


Table 2-1serves to illustrate the proportions as does the map in Figure 2-7, showing that Indonesia covers a 
 large share of the EU if superimposed on a map of Europe. Total area of the EU (including UK) is 


4,324,782 sq. km. 
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 Indonesia  Java+Bali  Denmark  Multiples, Indone-


sia compared to 
 Denmark 


Multiples, Java-
 Bali compared to 


Denmark 


Area [sq.km]  1,905,000  155,780  43,100  43.1  3.6 


Population [m]  262  154  5.6  46.8  27.5 


Annual Electricity 


Consumption [TWh]  158  127 (est.)  34  4.6  3.7 


Table 2-1: Comparison of key numbers for Denmark and Indonesia. Sources: Estimates based on Wikipedia and ENTSO-E 
 for data on power system demand. 


Figure 2-7: Area wise scale of Indonesia compared to Denmark and Europe.  Source: www.ifitweremyhome.com 
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Power generation from wind turbines  3


This chapter focuses on wind as a power generation source and how to utilise this natural source. The 
 typical characteristics of wind power generation are discussed looking at the power curve of a wind tur-
 bine and the capacity factor. The chapter also presents the official IEC wind turbine classes and illustrates 
 with an example, using the Weibull distribution of wind speeds at one site in Denmark, the importance of 
 choosing the optimal turbine for a specific site. The final section of this chapter will focus on the wind re-
 sources in Indonesia and discuss how low speed wind turbines can be suitable for Indonesian require-
 ments. 



3.1   Characteristics of wind power generation 


A wind turbine is a machine that converts the kinetic energy of wind into electricity. A modern wind turbine 
 consists of a rotor (the Danish design has three blades) that drives a generator producing electricity. The 
 rotor and generator are installed at the top of a tower, which stands on a foundation in the ground or in the 
 seabed. The turbine cap (nacelle) and the blades are controlled based on measurements of the wind di-
 rection and speed. 


In simple terms, a wind turbine not only utilises the wind’s pressure on an obliquely positioned blade, but 
 also utilises the fact that the air current around the blade creates a negative pressure on the rear of the 
 blade in relation to the wind. The force from this negative pressure produces a draught that causes the 
 blades to rotate. 


The aerodynamic power of a wind turbine can be expressed by the equation below. It reflects how much 
 power is possible to extract from the wind. The aerodynamic power is a function of the air density 𝜎𝜎, the 
 wind turbine's rotor area A, the wind speed U, and the aerodynamic efficiency 𝐶𝐶𝑝𝑝. The aerodynamic effi-
 ciency can theoretically not exceed the Betz limit of 59%. It can be expressed as a function Cp(λ;θ), hence, 
 it depends on the pitch blade angle θ (angle between the chord line and the tip speed) and the tip speed 
 ratio λ (ratio between tip speed and wind speed). Therefore, if the wind turbine enables it, the aerodynam-
 ic efficiency can be controlled by adjusting the pitch angle and the rotor speed. 



𝑃𝑃 = 1



2 𝜎𝜎 𝐴𝐴 𝑈𝑈
3 𝐶𝐶
𝑝𝑝

As seen by the equation, the power production of wind turbines will increase if the rotor area (A) increases 
 and/or if the wind turbine is put in an area with higher wind speeds (U). The increase of rotor area is clearly 
 seen in the production of wind turbines in the past decades, as illustrated in Figure 3-1. 


Figure 3-1: Rotor area of wind turbine since 1980
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 The actual power output of a wind turbine is limited by physical restrictions and is best illustrated by a power 
 curve. The power curve of a wind turbine shows the electrical power output of the wind turbine at specific 
 wind speeds. An example of a power curve is shown in Figure 3-2. It represents a Vestas V117-3.3 wind tur-
 bine; hence, the turbine has a rotor diameter of 117 meters and a nominal power of 3.3 MW. 


Figure 3-2: Power curve of a wind turbine. Example shows the Vestas V117-3.3 turbine


The operating range of the wind turbine is defined by the cut-in and cut-out wind speeds. The cut-in wind 
 speed is the sufficient wind speed for the generator to operate and produce electric energy, for the V117-
 3.3 turbine its 3 m/s as shown in the power curve. When the cut-out wind speed is reached the power pro-
 duction of the wind turbine is cut off, hence, at 25 m/s for the V117-3.3 turbine. The rated wind speed is the 
 wind speed at which the rated nominal power of the wind turbine is reached. The nominal power of 3.3 
 MW for the V117-3.3 turbine is reached at 13 m/s. The wind meter on the individual turbine informs the tur-
 bine’s control system when the wind speed reaches the cut-in or cut-out wind speed. 


The rated nominal power of the wind turbine is thus the maximum output that a wind turbine can produce, 
 and in popular terms referred to as the turbine size. For example, a wind turbine of 3.3 MW can thus pro-
 duce a maximum output of 3.3 MW, typically at wind speeds of 15-25 metres per second. At maximum 
 production, the turbine produces 3.3 MWh (3,300 kWh) in one hour, roughly equivalent to the annual elec-
 tricity consumption of an average Danish family living in an apartment.  


In order to avoid mechanical stresses, which potentially could destroy the wind turbine, the power is kept at 
 nominal output once the rated wind speed is reached and the production of the turbine is stopped when 
 the cut-out wind speed is reached. Hence, this zone between the rated and the cut-out wind speed is 
 called the limitation zone, and the wind turbine is designed and controlled to limit its output power within 
 the limitation zone. The limitation of the output power within the limitation zone is achieved by reducing the 
 efficiency of the energy conversion of the wind's kinetic energy into mechanical energy, through for exam-
 ple adjustment of the pitch angle and the tip speed ratio. The zone between the cut-in wind speed and the 
 rated wind speed is the optimisation zone where the wind turbine is designed and controlled to optimise 
 the aerodynamic efficiency. 
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 The capacity factor can be used to assess how efficient a site is. It is defined as the average power output 
 of a wind turbine or wind farm as a percentage of the nominal power of the turbine/wind farm. The capac-
 ity factor can be expressed by the equation below, where 𝐴𝐴𝐴𝐴𝑃𝑃 is the annual electricity production from a 
 wind turbine/wind farm, and 𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛 is the theoretical power output if the wind turbine/wind farm produced at 
 nominal power for an entire year. 


𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓= 𝐴𝐴𝐴𝐴𝑃𝑃
 𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛∗ 8760ℎ


For most wind turbines erected on land, the capacity factor is between 20-40%, or expressed in full-load 
 hours it is around 1,800-3,500 h/a. Very good wind sites on land and offshore wind farms can generally 
 reach a higher capacity factor of 45-60%, or even higher.  


3.1.1 References 


• Thomas Ackermann, editor. Wind power in power systems. John Wiley and Sons Ltd, 2nd edition, 2012 


•  Wind-turbine-models.com, Vestas V117-3.3 (turbine), http://en.wind-turbine-models.com/turbines/694-
 vestas-v-117-3.3, accessed 01-08-2016 


•  Anca D. Hansen. Introduction to wind power models for frequency control studies, September 2013. 


•  Sonal Patel. IEA: Wind power could supply 18 http://www.powermag.com/iea-wind-power-could-
 supply-18-of-worlds-power-by-2050/, January 2013. Power Magazine, accessed: 03-06-2015 



3.2   Turbine design parameters for specific wind sites 


Different wind sites can have very different wind resources. Wind turbines are therefore designed for specif-
 ic wind conditions. When planning a wind power plant one of the areas to look into is the turbine wind class 
 of the sites. IEC 61400-1 is an international standard for wind turbine generator classes published by the 
 International Electrotechnical Commission. Manufacturers design different machines according to the clas-
 sification. The turbine classes are determined by parameters of turbulence and wind speed. The basic pa-
 rameters that determine the turbine classes are specified in Table 3-1. Category S is used for values speci-
 fied by the developer which fall outside of the general categories (e.g. some offshore wind turbines). 


The roman number defines reference wind speed Vref. Hence, the reference wind speed with class I, II and 
 III represent sites with the high, medium and low wind speeds, respectively. In the standard wind turbine 
 classes, the average wind speed is Vave = 0.2* Vref and the extreme 50-year wind speed is likewise a function 
 of Vref (and hub height). The extreme 50-year wind speed is the wind speed which is statistically exceeded 
 once in 50 years. 


The letter of the turbine classes defines reference turbulence Iref. Hence, the turbulence intensity with class 
 A, B and C represents sites with higher, medium and lower turbulence characteristics, respectively. The tur-
 bulence is dependent on for example surface roughness, terrain and surface heat flux.  


The optimal turbine for a site matches the local wind conditions as well the prevailing regulatory framework. 


For example, a turbine class of I-B is designed for high wind speeds and moderate turbulence.  
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 Table 3-1: IEC 61400-1 Wind Turbine Class 


The wind resources at different sites can be analysed by using the Weibull distribution. The Weibull distribu-
 tion gives an approximation of the wind speed distribution at specific sites. It shows a graph where the fre-
 quency of the wind speed at a specific site is plotted as a function of the wind speed. Hence, it shows the 
 frequency distribution of wind speeds, and mathematically it can be described as a function depending 
 on two site-specific parameters: a and k. The two parameters a and k are specific for the site investigated 
 and are generally obtained via measurement of wind speed using an anemometer on the site. a is the 
 Weibull scale parameter and k is called the Weibull form parameter. 


The Weibull distribution for a particular site in Denmark, Hvide Sande, is shown in Figure 3-3. The Weibull pa-
 rameters for Hvide Sande are a = 7.81 m/s and k = 2.23, with a mean wind speed of 6.9 m/s. 


Figure 3-3: Weibull Distribution of the wind speeds at the Danish site Hvide Sande


Combining the power curve in Figure 3-2 and the Weibull distribution of the Danish site Hvide Sande, the 
 capacity factor of the Vestas V117-3.3, if erected on the Danish site, can be estimated. Neglecting all loss-
 es, the estimated annual energy production (AEP) of one turbine (V117-3.3) at Hvide Sande is 10,876 MWh 
 with a capacity factor of 37%.  


It is important to note that the losses are neglected in this AEP calculation. In reality, the AEP also depends 
 on wake losses (if other turbines are erected on same site), losses in the internal grid of the wind farm, and 
 potential outages within the time period considered, as illustrated in Figure 3-4. 
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 Figure 3-4: Losses in a wind farm


The Vestas V117-3.3 has the IEC class IIA and is thereby optimised for usage at moderate wind sites. If on the 
 same site at Hvide Sande the Vestas V126-3.3 (rotor diameter 126m, nominal power 3.3MW) wind turbine 
 was erected, neglecting losses, the capacity factor can instead be estimated to be 41%. Despite the exact 
 same nominal capacity of the two Vestas turbines, the capacity factor of the wind site at Hvide Sande 
 becomes higher with the V126-3.3 turbine. The reason can be explained by looking into the power curve 
 and wind class of the V126-3.3 turbine in comparison to the V117-3.3 turbine. 


The wind class of the V126-3.3 turbine is IIIA; hence it is optimised to fit low wind speed sites. This is also con-
 firmed by the power curve of the V126-3.3 turbine. The power curve of the V126-3.3 turbine is shown in Fig-
 ure 3-5 together with the power curve of the V117-3.3 turbine. Both turbines have the same cut in wind 
 speed at 3 m/s, however at lower wind speeds during the optimisation zone the V126-3.3 turbine has a 
 higher power output compared to the V127-3.3 turbine, and similarly the V126-3.3 turbine reaches its rated 
 power at 12 m/s instead of 13 m/s as the V117-3.3 turbine does. Hence, the V126-3.3 turbine is able to pro-
 duce more electricity at lower wind speeds compared to the V117-3.3 turbine. However, the cut-out wind 
 speed for the V126-3.3 turbine is at 22.5 m/s and will therefore stop production during higher wind speeds 
 earlier than the V117-3.3 turbine (cut-out wind speed of V117-3.3 turbine is 25m/s). 


Figure 3-5: Power curve of the V117-3.3 turbine and the V126-3.3 turbine


In looking at the frequency of wind speeds at the Danish site Hvide Sande (Figure 3-3); it is only during very 
 rare moments that the wind blows at wind speeds higher than 20 m/s. As such, the fact that the cut-out 
 wind speed is at 22.5 m/s for the V126-3.3 turbine will only have very little effect on the AEP and capacity 
 factor for this turbine on the Hvide Sande site. Similarly, there is a high frequency of wind speeds during the 
 optimisation zone, where the V126-3.3 has a higher power output compared to the V117-3.3 turbine, which 
 all in all leads to the higher estimate for the capacity factor if the V126-3.3 turbine is used on the Danish site 
 of Hvide Sande. 
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 This example, comparing the V117-3.3 to the V126-3.3 turbine, illustrates the importance of choosing the 
 optimal wind turbine to a specific site depending on the wind characteristics of the site. Other parameters 
 are also important to consider when choosing the wind turbine for a site, such as the generator type, the 
 compliance with grid codes, mechanical and aerodynamic noise of a turbine, transportation of equip-
 ment, etc. 
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3.3  Economy of modern wind power 


3.3.1  Levelized Cost of Energy 


When assessing the electricity generation cost of different technologies, the Levelized Cost of Energy (LCoE) 
 is a useful indicator. LCoE estimates the average lifetime cost of power production per MWh. The cost ele-
 ments comprising the LCoE include investment costs, fuel costs, operation and maintenance costs, envi-
 ronmental externalities, system costs, and heat revenue for combined heat and power plants (Danish Ener-
 gy Agency and Ea Energy Analyses 2016). However, it is important to acknowledge that while LCoE can 
 give good estimates for the cost of power generation, it cannot replace system analyses, which is able to 
 capture the interdependence between technologies. 


As a part of Denmark’s international cooperation, the Danish Energy Agency (DEA) in cooperation with Ea 
Energy Analyses has developed a Levelized Cost of Energy Calculator - LCoE Calculator - to assess the 
average lifetime costs of providing one MWh for a range of power production technologies or power sav-
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 ings1.  Important assumptions included in the LCoE calculator include technology definitions, as well as cost 
 of fuel and emissions (Table 3-2).  



Capital cost – Investment cost of the plant and new or upgraded 


Category  Elements 


Technical data 


-Energy efficiencies 


-Cogeneration efficiencies (power and heat) 
 -Lifetime 


-Construction time 
 -Emission factors 
 Full load hours 


-Assumptions for estimated dispatch of base load plants for thermal power gen-
 eration 


-Assumptions for resource quality for variable renewable generation 
 Discount rate  - Discount rate is used to determine the present value of future costs and 


Revenues 


Capital cost  -Investment cost of the plant and new or upgraded 
 infrastructure if needed 


Operation and 
 maintenance (O&M) 


-Fixed O&M (Annual cost independent of generation) 
 -Variable O&M (Dependent on amount of generation) 


Fuel cost  -Projected costs of fuels according to IEA World Energy Outlook 
 2015 


Heat revenue  -The earnings from heat sale (only applies to combined heat 
 and power plants) 


System costs 


- Balancing costs – Costs of handling deviations from planned 
 production 


- Profile costs – The value of electricity generation compared to a 
 common benchmark, such as the average electricity market price. 


- Grid costs – Costs for expanding and adjusting the electricity 
 infrastructure. 


Climate 


-CO2 emission valued according to projected costs in IEA World 
 Energy Outlook or a custom figure. 


- CH4 emissions converted to CO2 equivalents and valued as such. 


- N2O emissions converted to CO2 equivalents and valued as such. 


Air pollution  - SO2 – Socio-economic costs of SO2 emissions 
 - NOX – Socio-economic costs of NOX emissions 
 - PM2.5 – Socio-economic costs of PM2.5 emissions 
 Other costs  Radioactivity – Socio-economic cost of radioactivity 


- Further external costs, can be defined by the user 


Table 3-2: Elements and assumptions included in the LCoE calculator. Adapted from Ea Energy Analyses and Danish 
 Energy Agency (2016). 


Based on international technology data and fuel price projections by the International Energy Agency, the 
 standard calculation for 2020 as the first year of operation shows that renewable energy from wind and 
       


1 The calculator is available for free download including introduction and manual at https://ens.dk/en/our-
responsibilities/global-cooperation/levelized-cost-energy-calculator  
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 solar power is competitive with fossil alternatives from a socioeconomic perspective (Figure 3-6). As tech-
 nology data are based on IEA projections from 2015, the cost estimates for wind and solar power do not 
 take into account the cost development for especially wind and solar power indicated by both Danish and 
 worldwide auctions. This could lead to further cost reductions for solar power and offshore wind. 


Figure 3-6: LCoE for key technologies. Key Assumptions: First year of operation: 2020, Technology data primarily from 


“Projected cost of generating electricity 2015” (IEA, 2015). Fuel and emission cost based on World Energy Outlook 2015, 
 450 ppm-scenario. Annual full-load hours for coal, gas and biomass technologies: 5,000, nuclear power: 7,000, wind 
 power: 3,000, solar PV: 1,700. Discount rate: 4% real. FGD: flue gas desulphurisation. System costs for wind and solar power 
 depend on penetration level and are based on Danish experiences.  


3.3.2 An illustrative example for the Indonesian context 


Assessments of LCoE for different technologies in the Indonesian power system need to take into account 
 the Indonesian context. For technology data, this concerns especially the investment cost. For wind and 
 solar power, the quality of the resource has to be taken into account. In order to give an illustrative exam-
 ple, the following data have been adjusted in an attempt to give a better picture of LCoE in the Indonesian 
 context: 
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 o  Wind technology costs have been increased by 10% pr. MW to account for the low specif-


ic power turbine applied.2  


o  The wind power generation based on the wind speed resource is estimated using the 
 power curve for a Vestas V126 3.3 MW, which is a low wind speed turbine with a rotor di-
 ameter of 126 m. 


o  The system integration cost for wind power is reduced to around 2.2 EUR/MWh, as integra-
 tion cost at low penetration levels are lower.  


•  Fuel costs are based on the New Policy Scenario in the World Energy Outlook 2015 for South East 
 Asia. 


•  Wind resources are based on good locations from the Wind Atlas developed by EMD International 
 A/S funded by Danida (see section 3.4 and Figure 3-7) 


o  Capacity factor Southern Sulawesi: 41%, 3,580 Full load hours 
 o  Capacity factor Central Java: 34%, 3,000 Full load hours 


•  Solar resource set to 1,500 full load hours, based on www.renewables.ninja, which is a web service 
 enabling extraction of wind and solar generation series based on meteorological data based on 
 reanalysis data. The International Energy Agency estimates global horizontal radiation to be be-
 tween 1,600 and 2,200 kWh/m2, corresponding to 1,200-1,650 full load hours at a performance ra-
 tio3 of 75%. 


Figure 3-7: Chosen locations for wind resource on Southern Sulawesi and Central Java. The average wind speed for the 
 two locations is 6.9 and 6.0 m/s respectively. 


Similar assumptions are also used in scenario work carried out by the National Energy Council of Indonesia, 
 but are subject to further evaluation and should only be seen as indicative numbers. Technology costs do 
 not include supply cost specific to Indonesia, such as both transport, installation and O&M considerations 
 for remote locations. Furthermore, any necessary grid reinforcements are not included. 


      


2 The estimate is based on indications in IRENA, Renewable Power Generation Costs in 2014. Technical Report 
 January, 2015. 


3 Performance ratio for solar PV plans is the ratio of the actual and theoretically possible energy outputs, thus defining the 
possible generation to the grid after deduction of internal losses. 
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 The calculations for LCoE of different technologies for Indonesia are only illustrative, but clearly show an 
 economic perspective for wind power on good locations in Indonesia from a socio-economic perspective 
 (Figure 3-8). The development of wind power technology means that also lower wind speed sites can give 
 a reasonable number of full load hours, reducing the electricity generation cost. Recent cost development 
 for solar power will make solar power more competitive than indicated. Furthermore, this report does not 
 include a detailed analysis of the solar resource, which could lead to further cost reductions. 


Figure 3-8: Illustrative example of LCoE for key technologies in Indonesia. First year of operation: 2020,
 3.3.3 Wind data for a real life business case for a wind farm 


Building a business case for a wind farm is no trivial task. The complexity depends on for example the cer-
 tainty required by investors and financiers.  


Typical cases all require on-site wind measurements for a minimum of a full year. However, the length of the 
 measurement campaign again depends on e.g.: 


•  The accuracy and characteristics of measurement equipment used 


• Data outages (if any) 


• Availability and accuracy of nearby long-term reference measurements (meteorological stations, 
 airports etc.) 
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 Figure 3-9: Some results from sample wind study produced by the tool WindPro. 


Reference time series are used to establish a “normal” year’s wind resource, equivalent to an average site-
 specific wind resource over 10-50 years. Without such long-term data, it is not possible to establish if on-site 
 measurements represent e.g. an 80% wind year or a 120% wind year. 


An investment grade wind study will include a choice of suitable wind turbines for the site, an optimal mi-
 cro-siting of turbines on the available plot of land as well as the Annual Energy Production (AEP) for the 
 chosen turbines. 


AEP will typically be expressed in terms of a P50 number (likelihood of undershooting equals likelihood of 
 overshooting, median) as well as a P90 number (likelihood of overestimating AEP reduced to 10%). Some 
 conservative financiers prefer to use the P90 AEP when analysing a business case for a wind farm.
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3.4  Discussion – low speed wind turbines  


The National Institute of Aeronautics and Space (LAPAN) was among the firsts to investigate the wind po-
 tential of Indonesia. Out of 166 sites investigated, LAPAN identified 35 good wind sites in Indonesia with wind 
 speeds greater than 5 m/s at 50 meters height. These areas were concentrated in West Nusa Tenggara, 
 East Nusa Tenggara, the south coast of Java and South Sulawesi. In adjacent to this, LAPAN also identified 
 34 sites with a fair wind potential of 4-5 m/s. 


In 2014, the first wind map of Indonesia was developedby EMD International A/S, Denmark, funded by 
 ESP3, Danida.The mesoscale map had been developed to support the identification of wind energy pro-
 jects and was launched by MEMR. The resolution of the map is 3 km. The map is electronically accessible to 
 the public (http://indonesia.windprospecting.com/). 


Figure 3-9: Wind map of Indonesia


Overall, the wind speeds in Indonesia are generally low; however, as the study conducted by LAPAN 
 showed, a number of wind sites with good potential for wind energy projects do exist. On average, the 
 wind speeds are around 3-7 m/s and MEMRs estimated installed capacity potential to be 9.29 GW. Current-
 ly, around 3 MW of wind power is installed, and there is a great potential of increasing the wind power ca-
 pacity in Indonesia. 


The wind resources in Indonesia generally fit the design of low speed wind turbines. In recent years, wind 
turbine manufacturer have focused on expanding their portfolio of turbines suitable for low wind speed 
sites. The development towards low speed wind turbine has been driven partly by limited available sites 
with high wind speed potential, and partly by advancement in wind technology. To make turbines cost 
effective at low wind speed sites, turbine manufacturer have mainly focused on increasing the capacity 
factor by reducing the rotor specific power, hence increasing the rotor diameter for the same turbine rat-
ing. Doing so, the turbine produces more power at lower wind speeds and the power curve of the turbine is 
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 thereby shifted to the left. This is also seen in Figure 3-5 with the example comparing the V117-3.3 to the 


V126-3.3 turbine.  


Similarly, the tower height of wind turbines has continuously increased in recent years as seen in Figure 3-10. 


The benefits of higher towers are that they both allow enough ground space to install larger rotor area, and 
 at the same time, the wind resources are better, as it for example reduces surface disruptions. In some 
 countries such as Denmark, restrictions on maximum height prevent this development. 


Figure 3-10: Wind turbine tower height in Germany from 2007 to 2014


The gained increase in capacity factor of turbines erected at low speed wind sites often outweighs the 
 extra capital cost associated with increasing the rotor diameter and tower height, and therefore makes 
 wind power economically feasible at low wind speed sites. The development in turbine technology has 
 thereby also made it possible to utilise the wind potential in different locations in Indonesia. The barriers for 
 developing wind power in Indonesia are thereby concentrated on local regulatory and technical chal-
 lenges. Several wind farm developers have likewise seen the potential of expanding wind power in Indone-
 sia and with the current work from both wind farm developers and governmental institutions in Indonesia, 
 the first commercial wind farm projects in Indonesia are likely to be online in the foreseeable future. 
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Policy and regulatory measures for promotion of wind power in  4



Denmark 


This chapter will discuss the political strategies undertaken in Denmark to accelerate wind power develop-
 ment by looking into both historical and current regulations and subsidy schemes used to promote wind 
 power. The chapter will provide an overview of Danish experiences with respect to the financing of subsi-
 dies for wind power and the management of wind resource data. The chapter will end with a discussion of 
 some of the regulatory challenges in Indonesia to address to enhance the development of wind power in 
 Indonesia. 



4.1   Political strategies undertaken in Denmark to accelerate wind power 


4.1.1  First political initiative 


Denmark’s energy policy took shape after the oil crises of the 1970s. When oil prices accelerated in 1973 
 Denmark was among the OECD countries most dependent on oil in its energy supply. More than 90% of all 
 energy supply was imported oil. As a consequence, Denmark launched an active energy policy to ensure 
 the security of supply and enable Denmark to reduce its dependency on imported oil.  


Denmark chose early on to prioritise energy savings (energy efficiency) and a diversified energy supply, 
 including use of renewable energy. A broad array of notable energy-policy initiatives were launched, in-
 cluding a focus on combined heat and power production, municipal heat planning and on establishing a 
 more or less nation-wide natural gas grid. Furthermore, Denmark extensively improved the efficiency of the 
 building mass, and launched support for renewable energy, research and development of new environ-
 mentally friendly energy technologies as well as ambitious use of green taxes. In combination with oil and 
 gas production from the North Sea, the policy meant that Denmark went from being a huge importer of oil 
 in 1973 to being more than self-sufficient in energy from 1997 onwards.  


Denmark’s first energy plan dates back to 1976. In the same year, the first step to accelerate wind power 
 technology was taken with the launch of two national energy programmes within research and develop-
 ment, the energy research programme and the development programme on renewable energy. The pri-
 mary focus of the two programmes was on wind energy. The development programme was closed down in 
 2002-03 whereas the research programme is still ongoing. 


4.1.2  Taxes 


Energy taxes on electricity and oil were introduced in Denmark in 1977 and are used to support R&D for 
 renewable energy. Since then, the taxes have been increased several times and taxes have also been put 
 on coal and natural gas.  


In 1990, Denmark’s third energy plan “Energy 2000 – an action plan for sustainable development” was in-
 troduced. This energy plan formulated the national objective of a 20% reduction in CO2 emissions by 2005 
 compared to 1988 with a focus on savings in energy consumption, increased efficiency of the supply sys-
 tem, conversion to cleaner sources of energy and on research and development. In 1992, the taxes were 
 therefore supplemented by CO2 taxes. Today, the taxes are likewise used for promotion of energy savings 
 and CO2 reductions, also finance part of the state budget.  


It is worth noting that the third energy plan in Denmark from 1990 was one of the first energy plans in the 
world without nuclear power. The energy plan instead set a target of wind power to cover 10% of the elec-
tricity demand in 2005. This target was reached already in 1999.  
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 4.1.3  Financial support  


Wind turbine generated electricity has been receiving support since 1976. In 1979, the Danish government 
 began to subsidise parts of the investment costs of wind power projects. The programme was active up until 
 1989, and at its peak the subsidy was as high as 30% of the investment cost. It was discontinued however, as 
 it began to receive criticism for special treatment of wind projects. 


Up until 1992, the payment for the electricity produced by wind turbine as well as grid connection was 
 agreed on between utilities, wind turbine manufacturers and wind turbine owners. However, in 1992, this 
 voluntary agreement broke down. Instead, the government took action and introduced a fixed feed-in 
 tariff and divided the cost of grid connection between utilities and wind turbine owners. The price paid for 
 electricity generated from wind turbines was set at 85% of the utilities production and distribution cost. 


The fixed feed-in tariff for wind power gave a stable and sound incentive for private investments and be-
 came a primary driver for the industry. Through feed-in tariffs, wind power plants were guaranteed a fixed 
 price per kWh delivered to the grid. Fixed feed-in-tariffs have the downside of making wind power produc-
 ers unresponsive to demand fluctuations and price signals in the market, thus potentially leading to ineffi-
 cient resource allocation. 


In 1992, wind power as well as electricity production from other renewable energy sources was also given 
 priority access to the grid, and power utilities were given an obligation to develop or enhance the overall 
 electricity grid to connect wind turbines. Rules on technical requirements for wind turbines, grid connection 
 and settlement of electricity price are today managed by Energinet.dk and the Danish Energy Agency. It is 
 important to set such rules at the beginning of wind development as it becomes very costly later on. 


In 1999, an electricity reform was undertaken with focus on liberalising the market and reducing the cost of 
 support to renewable energy technologies. The support to renewable energy was thereby changed from 
 state budget finances to a public service obligation, which added an extra cost to the electricity bill for 
 consumers. The feed-in tariff system for wind power was at the same time reduced significantly.  


The reduction in the tariff given to wind production  meant that almost no wind turbines were installed in 
 Denmark between 2004 and 2008. From 1993-2004, the Danish wind industry grew from 500 MW to over 
 3,000 MW installed, but by 2004 the wind power development stagnated and the period from 2004-08 only 
 saw an installation of 129 MW of new wind power capacity in Denmark. 


An energy agreement was made in 2008 under which the Danish government committed themselves to 
 addressing climate change at minimum economic cost and without risking security of supply. The energy 
 agreement included installation of two offshore wind farms. Similarly, the tariff for wind power was likewise 
 changed. The wind industry wished to have the support in the first years of production for financial reasons. 


The feed-in tariff system was thereby reformed and feed-in-premiums replaced the fixed feed-in-tariffs  re-
 ceived on top of the market price. Wind turbine producers would receive 25 øre/kWh for the first 22,000 full 
 load hours on top of the market price and an additional 2.3 øre/kWh as balancing cost.  For offshore wind 
 farms a special tariff is received depending on the winning bid in the tendering process (see next section 
 4.3). 


The change in support to wind power in 2008 quickly had a positive effect on the installation of onshore 
wind turbines. In 2009, 116 MW of onshore wind power capacity were installed. Today the feed-in tariff has 
been slightly changed again. This is further elaborated upon in section 4.3. 
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