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1 Introduction 
 
 

The aim of this paper is presented in this chapter, as well as the definition of 
suppliers and subcontractors. A brief presentation of the various parts and 
components of a wind turbine is also included. 
 
 
 
1.1 Statement of Purpose 

 
This study is part of a project, financed by the Swedish Energy Agency, which 
aims to develop a more comprehensive knowledge concerning the Swedish wind 
power market and its actors. The purpose of this paper is to study the Swedish 
component suppliers in the wind power industry because very little is known 
about this group of actors. So far, attention has mainly been directed towards the 
wind turbine manufacturers.  

This study will address the fact that the Swedish suppliers of wind turbine 
components have not been able to penetrate the wind power market as much as 
could perhaps have been expected. Technically, in the general field of mechanical 
and electrical engineering, the Swedish industry is strong and Sweden should thus 
have been able to penetrate the wind turbine market to a greater extent than what 
has been the case. The purpose of this paper is thus to identify factors that affect 
the Swedish component suppliers’ scope to penetrate the wind power market.  

Companies that were contacted and interviewed were chosen mainly based on 
information provided by Jan-Olof Nyström at the Swedish Wind Energy 
Technology Group (SWIND), within the Swedish Trade Council. Göran Sidén at 
the University of Halmstad also contributed with information about component 
suppliers in Sweden. A list of the interviews is presented in Appendix 2. 
Additional companies that are believed to supply the wind turbine industry can be 
found in Appendix 3.  
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1.2 The Definition of Supplier and Subcontractor 
 

Regarding the definitions of supplier and subcontractor, some clarifications may 
be in place. Figure 1.1 illustrates two points of extremes, where “suppliers” offer 
standardized products to the market while “subcontractors” offer custom-built 
products based upon buyer’s specifications. As the figure shows, the dividing line 
between these two definitions becomes hazy and less clear once the products 
become customized rather than standardized or purely custom-built. Suppliers and 
subcontractors will simply be referred to as component suppliers or suppliers. 
When the terms are determined to add meaning to the issues discussed, they will 
be clearly referred to as “suppliers of standardized products” or “subcontractors”. 
 
Figure 1.1 Defining Suppliers and Subcontractors 
 
 

 
 
 
 
 

 
 
 

Based on Jönköping’s Länsteknikcentrum, 1991, Figure 2.5, p. 12 
 
Information about Swedish component suppliers is limited and even less is known 
about component suppliers of products for the wind turbine industry. The fact that 
the wind turbine industry is young may explain the lack of attention the 
component suppliers in this industry have received, both in Sweden and in general. 
The small, not to say nonexistent, wind turbine manufacturing in Sweden may 
also explanation the limited interest in, and knowledge of, this group of producers 
so far.  

There are numerous definitions of what a subcontractor is and the definition 
has evolved over time. The definition ranges from simply referring to a company 
manufacturing products, which are used in another company’s production, and are 
based on designs, specifications and instructions from the latter, to more narrow 
definitions were the relation between the companies, as well as the complexity of 

Standardized 

Products 

Custom-Built 

Products 

Suppliers Subcontractors

Customized Products 

Cooperation in terms of 
development and 
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the goods, are of importance.2 For the purpose of this paper, a simple and wide 
definition was used rather than a narrow one. The main criterion used in selecting 
companies was that they supplied some type of product that is used in the 
production of wind turbines, which is also why the term component supplier is 
used rather than subcontractor.  

A wide definition of component supplier was used for the purpose of this 
paper, mainly due to the limited amount of information that was available at the 
time when the project was initiated and that it would allow more information to 
be gathered regarding the existing production in Sweden. At this stage, when 
knowledge and information regarding suppliers of wind turbine components is 
limited, it was determined to be more important to contribute to the accumulation 
of information rather than limiting the selection in order to gain specific 
information valid for a limited group of producers. Rather than focusing on 
certain types of relationships, products, etc., this paper will study the existing 
production and relationships.  

An important aim of this paper is therefore to identify if there are any 
manufactures of products, semi-products, components, etc., in Sweden, supplying 
the wind turbine industry. Another aim of this paper is to find out more about the 
component suppliers in Sweden, when and why they entered the wind turbine 
market, their primary markets, what type of goods these suppliers offer, and their 
relationship to the wind turbine market. 

As is illustrated in Figure 1.2, the component suppliers’ relation to the wind 
turbine market can vary. Suppliers may have a direct or indirect relationship with 
wind turbine manufacturers depending on whether their products are sold directly 
to manufacturers of finished products, i.e. wind turbine manufacturers, or through 
other component suppliers.  

Figure 1.3, shows that component suppliers can also be defined by the type of 
good they offer, rather than on their closeness to the production of finished 
products as illustrated in the previous figure. In the car industry, for example, a 
supplier of exhaustion systems would be a “system supplier”, and a supplier 
providing catalysts for the exhaustion system would thus be a “function supplier”. 
In this case, “specialized suppliers” are, for example, those that supply steel that 
is used in the manufacturing of the exhaustion system.3 

                                                     
2 Jönköping’s Länsteknikcentrum, 1991, pp. 4-13 
3 Jönköping’s Länsteknikcentrum, 1991, p. 8 
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Both Figure 1.2 and 1.3 illustrate that suppliers may or may not have 
relationships with the wind turbine manufacturers although they supply wind 
turbine components, and also emphasizes the importance of relationships between 
component suppliers as well as those between component suppliers and wind 
turbine manufacturers. 
 
Figure 1.2 Hierarchical Presentation of Component Suppliers  
 

 
 

 
 

 
 

 
 
 
 
 

 
 

Based on Jönköping’s Länsteknikcentrum, 1991, Figure 2.3, p. 9 
 

 
Figure 1.3 The Supplier’s Pyramid 
 

 
 
 
 
 
 
 

 
 

Source: SIND 1989:2, cited in Jönköping’s Länsteknikcentrum, 1991, p. 8 
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1.3 Wind Turbines and its Components 
 

This section contains a brief overview of the wind turbines and their components. 
Wind-electric turbine generators, also known as wind turbines, use the energy 
contained in the wind to spin the rotor which drives the shaft of a generator to 
produce electricity. As the air flows past the rotor of a wind turbine, the rotor 
spins and drives the shaft of an electric generator.4 
 
Figure 1.4 A Wind Turbine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo: Bo Tannfors, 1999-09-19 
Source: Kvarkenvind http://www.kvarkenvinden.com/foto/3/bt052.html  

 
When viewing wind turbines what you see is the nacelle, rotor (i.e. blades and 
hub), and tower. The nacelle is located on top of the tower and contains the key 
components of the wind turbine.5 The blades capture the wind and transfer its 
power to the hub. The blades and the hub together are called the rotor (see 
Figure 1.5).6 A wind turbine generally has two to three blades and e.g. the Nordic 
                                                     
4 American Wind Energy Association (AWEA), “Wind Energy – How Does It Work?”  
5 Danish Wind Industry Association, “Wind Turbine Components” 
6 Danish Wind Industry Association, “Wind Turbine Components”; U.S. Department of Energy, 

“Wind Energy Program – How Does a Wind Turbine Work?”  
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1000, a two bladed wind turbine with an effect of one megawatt (MW), has a 
rotor diameter of 54 to 59 meters. ScanWind SW 3000, a three bladed wind 
turbine with an effect of 3 MW, has a rotor diameter of 90 meters. A 10 MW 
wind turbine, which has been considered, would have a diameter of 150 meters. 
Perhaps it will prove to be difficult to make blades larger than this, due to the 
weight associated with such large blades, but lighter and stronger material may 
well push the limit beyond what is believed to be possible today.7  

The tower of the wind turbine carries the nacelle and the rotor. Generally, it is 
an advantage to have a high tower, since wind speeds increase farther away from 
the ground. The earlier wind turbines, with an effect of 22 kilowatts (kW), 
measured 18 meters in height but today’s larger wind turbines with an effect of 
over 1 MW can measure over 80 meters. Towers may be either tubular towers or 
lattice towers. 8 Tubular towers are the most common today and this is likely due 
to esthetics, although an advantage with tubular towers is that they provide shelter 
from bad weather for maintenance personnel, as well as space for e.g. electric 
equipment. The advantage of lattice towers is primarily that they are cheaper to 
produce.9 

Figure 1.5 illustrates the various components found in a conventional wind 
turbine (i.e. a wind turbine with gears), but there are today wind turbines which 
do not use gears. Figure 1.6 shows an illustration of Enercon’s gearless wind 
turbine. The description of the various components that follows, is primarily 
based on a conventional wind turbine.  

The hub of the rotor is attached to the low speed shaft of the wind turbine. 
The low speed shaft can either, connect directly to the generator (i.e. gearless 
concept, see Figure 1.6), or indirectly via a gearbox (as in Figure 1.5). The shaft 
contains pipes for the hydraulics system to enable the aerodynamic brakes to 
operate. In the Enercon E-40 wind turbine the hydraulics system is replaced by an 
electric system that allows every blade to move, i.e. pitch, separately. 10  The 
gearbox connects the low-speed shaft to the high-speed shaft, which drives the 
generator.  

The high-speed shaft is equipped with an emergency mechanical disc brake. 
The mechanical brake is used in case of failure of the aerodynamic brake, or when 

                                                     
7 Engström, 2002, pp. 2-4 
8 Sidén, 2002, p. 7; Engström, pp. 2-3, Danish Wind Energy Association, “Wind Turbine 

Components” 
9 Sidén, 2002, p. 7; Enercon, “Data of the gearless E-66” (1.8 MW) 
10 Sidén, 2002, p. 8 
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direct driven system is generally heavier. With the direct driven system there is 
basically only one moving part, the rotor, which should result in increased 
reliability, but gears that are properly dimensioned and maintained have proven to 
be very reliable as well. The direct driven generators, so far, have been of an open 
model, allowing cold air to pass through. This will likely be a problem for future 
offshore wind turbines due to the risk of corrosion. High-speed generators are 
either closed or provided with indirect air or fluid cooling. These considerations 
show that it is not a simple matter of one system being better than the other, and 
these systems are believed to coexist for some time to come.12 

 
Figure 1.6 The Enercon Modular Construction (gearless) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Source: Enercon (http://www.enercon.de/englisch/technologie/fs_start_technologie.html) 
 

The cooling unit in conventional systems contains an electric fan, which is used 
to cool the electrical generator. In addition, it contains an oil-cooling unit, which 
is used to cool the oil in the gearbox. Some wind turbines have water-cooled 
generators.13 

The electronic controller contains a computer, which monitors the condition 
of the wind turbine and controls the yaw mechanism. It starts up the machine at 
                                                     
12 Engstöm, 2002, pp. 7-8 
13 Danish Wind Industry Association, “Wind Turbine Components” 
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wind speeds between 2.5 to 5 meters per second (5-10 knots) and shuts off the 
machine at 20-34 meters per second (40-68 knots). In case of any malfunction, e.g. 
overheating of the gearbox or the generator, it automatically stops the wind 
turbine and calls the wind turbine operator's computer via a telephone modem 
link.14 

The yaw mechanism uses electrical motors to turn the nacelle and the rotor 
against the wind. The yaw mechanism is operated by the electronic controller, 
which senses the wind direction using the wind vane.  

The anemometer and the wind wane are used to measure the speed and 
direction of the wind, respectively. The electronic signals from the anemometer 
are used by the electronic controller to start and stop the wind turbine.15 

Today, the wind industry has moved from the pioneering stage in both 
technological and commercial terms, 16 and e.g. General Electric’s purchase of 
Enron Wind Corp (a wind turbine manufacturer) signals that major actors are 
recognizing wind as an interesting source of energy and serious business. 
Component suppliers and wind turbine manufacturers offer standardized 
components, although the construction is customized, in large quantities and 
reasonable prices.17 Expensive components of wind turbines are towers, rotors, 
gears, and control systems.18  The size of the wind turbines has continuously 
increased. During the past 20 years, the annual average increase in size has been 
25 percent.19 Further, in Denmark for example, between 1980 and 2000, the size 
of the wind turbines increased from 55 to 750 kW, while the real price of the 
turbine decreased from approximately € 1,300 per kW to approximately € 700 per 
kW.20 

 

                                                     
14 Sidén, 2003, p. 4; Enercon, “Data of the gearless E-66” 
15 Danish Wind Industry Association, Wind Turbine Components 
16 European Commission Directorate-General for Energy, 1997 
17 Engström, 2002, p. 3 
18 U.S. Department of Energy, “Building Better Components for Tomorrow’s Turbines” 
19 Engström, 2002, p. 3 
20 Engström, 2002, p. 15 
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2 Summary of Findings and Conclusions 
 
 

This chapter summarizes the findings made in this paper and offers the 
conclusions.  

 
 

The wind power industry has grown tremendously, and the annual growth in 
installed capacity in the world was close to 40 percent between 1996 and 2001. 
By 2002, 74 percent of the accumulated wind power capacity was found in 
Europe and 90 percent of Europe’s capacity was found in Germany, Spain and 
Denmark. Today, wind turbine producers from these three countries dominate the 
global wind turbine market, in 2002 they made up for 75 percent of the global 
sales. 

The aim of this study was to address the fact that the Swedish component 
suppliers have not been able to penetrate the wind power market as much as could 
perhaps have been expected. This expectation is mainly based on the observation 
that the demanded components involve areas of competences in which the 
Swedish industry is believed to be strong. Further, considerable amounts of 
money have been spent on wind turbine research, development and demonstration, 
trough government programs. The focus of this study was therefore to gather 
information regarding the existing Swedish production and sales to the wind 
power industry, and to identify factors that affect the Swedish component 
supplier’s scope to penetrate the wind turbine market.  

Considering that the technical competence of the Swedish industry is high and 
that large amounts of money has been spent on projects involving wind turbines, 
the market penetration may indeed seem limited. Yet, the question is whether this 
particular group of suppliers has fared less well compared to other groups of 
Swedish suppliers under similar conditions and in markets with similar 
characteristics as the wind turbine market. Certain industry specific conditions, 
which encompass issues related to market and product developments, and buyer-
supplier relationships, should be kept in mind when assessing the Swedish 
suppliers’ performance so far, and their scope to penetrate the wind turbine 
market.  

First of all, findings in this paper suggest that there is a correlation between 
domestic demand for wind power and wind turbine production, which in turn is 
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correlated with the existence of component production. Some considerations that 
need to be held in mind in the case of Sweden is that wind turbine manufacturing 
is close to nonexistent – to date there is no series production of large wind 
turbines in Sweden, despite government spending, and very few small wind 
turbines are supplied. This information alone speaks against the existence of an 
extensive component production in Sweden, but it should be noticed that although 
most Swedish suppliers may not be large actors in the wind turbine industry, they 
certainly exist. This study also shows that there exists a wide range of suppliers of 
wind turbine components in the Swedish market. 

Secondly, the competition in the wind turbine market is fierce and prices are 
subsequently low. Thirdly, the wind turbine industry is young, considered by 
many as politically sensitive and, although demand for wind turbines has 
increased considerably, the growth has been unstable. These market conditions 
are unlikely to induce confidence and incentives for investments. 

Fourthly, supplying components to the wind turbine industry often requires 
flexibility in terms of customization, which in turn requires a high degree of 
cooperation between buyers and suppliers. Further, testing and certification 
requirements are high (although it is uncertain whether it is higher compared to 
other types of production). This implies business relationships will tend to be 
rather permanent. 

Finally, large Swedish companies with domestic production have just recently 
started to show serious interest in the wind turbine industry. This means that 
Swedish companies have had limited domestic business opportunities.  

Other factors that were identified as important in order to evaluate the Swedish 
component suppliers’ achievements and their future prospects were exporting and 
sourcing behavior, and the time of the market entry. Kaynak et al’s study in 1987 
concluded that a majority of the Swedish small- and medium-sized exporting 
companies are passive or reactive exporters. Underutilization of production 
capacity was another common reason for starting exporting. Based on the 
information gathered for this study it is difficult to say whether this is a fair 
description of Swedish suppliers of wind turbine components. A few companies 
explained that their increased interest in the wind turbine industry was due to 
falling demand in other sectors, but at least as many were very active in their 
approach. However, if Swedish small- and medium-sized companies in general 
are passive or reactive exporters this may explain the limited exports of wind 
turbine components so far. Further, NUTEK’s study in 2000 showed Swedish 
subcontractors within the automobile industry were heavily reliant on domestic 
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manufacturing – 90 and 80 percent of the small- and medium-sized companies’ 
sales, respectively, derived from sales to domestic companies. If this is valid for 
Swedish subcontractors in general, the fact that Sweden lacks a strong wind 
turbine industry and the fact that large domestic companies only recently became 
seriously interested in this industry, are likely to have restricted the development 
of a strong wind turbine component industry in Sweden. More research regarding 
the Swedish small- and medium-sized companies’, as well as subcontractors’, 
behavior is required. 

Those companies that were studied for this paper ranged from exclusively 
domestic suppliers to very active exporters, from suppliers of standardized 
products (although customized) to subcontractors, and from specialized suppliers 
to system suppliers. Based upon the information gathered for this study it is not 
possible to reject or confirm the studies by Kaynak et al and NUTEK. The 
responses showed great variation, which is understandable due to the wide sample. 
Further, the number of companies studied was too small to allow any general 
conclusions to be drawn, for this to be possible an analysis of a greater quantity of 
companies is necessary.  

Aside from the suppliers’ export behavior; the buyers’ sourcing behavior is 
another important factor when studying the Swedish suppliers’ scope to penetrate 
the wind turbine market. Notice that a buyer may be a component supplier, as 
well as a turbine manufacturer. Findings in this paper suggest that buyers tend to 
prefer to source components from suppliers in their proximity, if everything else 
is equal in terms of price, quality, delivery, etc. Factors which may explain the 
preference of local suppliers, in the case of the wind turbine industry, are e.g. 
transport costs, the necessity of a high degree of cooperation between supplier and 
turbine manufacturer due to R&D and customized solutions, and increased control 
of supplies (secure delivery). One and one, these factors may not be prohibitive 
per se, but in combination, they are likely to tip the scale in favor of local 
suppliers – especially if the level of competition is high, as in the case of the wind 
industry.  

The behavior of favoring local suppliers may be specific for certain types of 
production such as e.g. very heavy and relatively cheap products, or complex 
products that require intense cooperation, and may not necessarily apply to all 
kinds of products – further studies should be able to shed more light on this matter. 
It is also interesting to notice that if manufacturers tend to prefer to source 
components from suppliers in their proximity, it could provide an explanation of 



 13 

why subcontractors are domestically oriented, as was suggested by NUTEK’s 
study in 2000. 

If local suppliers are more competitive due to their localization, this will 
certainly limit Swedish component suppliers’ scope to penetrate the wind turbine 
market since the wind turbine and component production takes place mainly 
outside of Sweden. However, significant growth in the wind turbine market has 
forced wind turbine manufactures to search for additional suppliers/capacity 
abroad in order to increase production capacity, which has been positive for 
Sweden. Enercon’s (a German turbine manufacturer) acquisition of what today is 
Enercon Windtower Production is one example, and Vestas’s (a Danish turbine 
manufacturer) interest in the Windcast Group is another. Sweden’s geographical 
location and a scarce supply of necessary production capacity seem to have been 
advantageous for the country’s component suppliers.  

Based upon the considerations expressed above, it is difficult to assess the 
Swedish component suppliers’ achievements so far. Further, many of the 
interviews revealed most of the Swedish component suppliers entered this market 
quite recently, which suggests it may be too early to conclude that Swedish 
suppliers have done poorly. Many that have been in this market a longer period of 
time (more than a couple of years) have either been able to take a relatively good 
market share or showed a significant share of their sales derived from sales to the 
wind turbine industry, i.e. the wind turbine- and/or component manufacturers. All 
stated that they intended to hold their position and grow with the wind turbine 
industry or increase their market share in the future. The interviews suggested that 
the recent entry could be explained by the supplier’s exporting behavior, the 
perceived risk in the market, the low prices, and the buyers’ sourcing behavior. In 
order to determine if the Swedish suppliers were late to enter the wind turbine 
market, comparisons with other countries with similar conditions as in the case of 
Sweden would be preferable.  

The issues discussed above will also affect the Swedish suppliers’ ability to 
compete in the future. The suppliers’ export behavior is certainly of great 
importance, as well as the manufactures’ sourcing behavior. Other factors that 
will affect the suppliers’ future prospects are developments in the wind turbine 
industry, and buyer-supplier relationships. Naturally, it will also be important for 
Swedish component suppliers to make the wind industry aware of their existence 
and their products.  

The fact that the wind turbine manufacturers are buying Swedish suppliers is 
likely to be a positive development for Sweden. Production will still take place in 
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the country and considering that a larger production will allow greater economies 
of scale and that the market is expected to continue to grow, it is quite plausible 
that the acquisitions will result in an increased production in Sweden. An 
increased component production in Sweden is in turn likely to be positive for 
related suppliers in the country. If production of components in Sweden increases, 
other Swedish suppliers (secondary, tertiary, etc.) may also find increased 
domestic business opportunities. The takeovers imply that the production will 
become more dependent on a single manufacturer’s performance, but in both the 
case of EWP and Lidköpings Gjuteri (part of the Windcast Group), Enercon and 
Vestas respectively were/are already large costumers of these suppliers. This 
suggests that the production in these two cases will not necessarily be facing a 
significantly increased risk due to the takeovers. 

The relationships between wind turbine manufacturers and component 
suppliers tend to be relatively stable after a testing period, but the expected future 
growth of the market and thus the increased demand for production capacity 
could perhaps outweigh the effect of stable relationships. On the other hand, the 
existing suppliers may also grow with the wind turbine industry and hold on to 
their positions. The questions are therefore if the existing suppliers will be able to 
keep up with the growth in the industry, and where the increase will take place.  

According to BTM Consultant ApS, the greatest future increase, in terms of 
accumulated installed capacity (MW) between 2002 and 2006, is expected to be 
found in Europe, followed by America and Asia. The greatest contributors to the 
large expected increase in installed capacity in Europe are forecasted to be 
Germany, Spain, France, UK and Denmark. The most likely candidates for being 
new stable markets with significant growth rates in Europe are expected to be 
France, Italy, and eventually Sweden. In the Far East, Japan and Australia are 
believed to be the most obvious candidates.21  

From the Swedish suppliers’ perspective, the continued growth expected in 
European markets to which they have good access via sea transport, which is the 
optimal solution for transporting heavy products, should provide good business 
opportunities. The growth in the Far East is likely to provide fewer opportunities 
for suppliers located in Sweden, as manufacturers are likely to prefer to source 
components locally, e.g. in order to avoid unnecessary transport costs, as was 
discussed earlier. Suppliers that will be less affected by location of the growth and 
production of wind turbines will likely be those that offer components that are 

                                                     
21 BTM Consultant ApS, March 2002, p. 30 
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either easy and inexpensive to transport, difficult to produce, e.g. due to the 
products’ complexity and patent rights. Good access to sea transport should also 
be an advantage. The lack of production capacity in, and in the proximity of, the 
future markets will also play an important role, at least initially. In the long run, a 
significant increase in demand for wind turbines in an area is likely give rise to a 
local production. The growth in the Far East will thus most likely be captured by 
local producers, or by those that are able to move production closer to the growth 
markets.  

As the wind industry has grown, wind turbine manufacturers have merged and 
this development suggests competition will increase, as the merging companies 
are likely to coordinate their sources of components in order to take advantage of 
economies of scale. Another development in the wind power market is that large 
international companies, such as General Electric and FKI, have recently bought 
wind turbine manufacturers. These companies have the capacity and intention, to 
source many of the necessary components from within their own companies, i.e. 
production will become vertically integrated, and this implies the suppliers’ scope 
to penetrate the wind turbine industry will decrease. The level of vertical 
integration within wind turbine manufacturing still shows significant variation but 
a continued development towards vertical integration is likely to limit the scope 
of independent suppliers to penetrate the wind turbine industry. More studies of 
the market development and sourcing organization should be of interest. 

Large companies with component production in Sweden, such as ABB and 
SKF, have also become more serious about the wind turbine industry. Based on 
the previous discussion regarding suppliers’ export behavior and manufactures’ 
sourcing behavior, this development is likely to be an advantage for the Swedish 
component suppliers (secondary, tertiary, etc.). If production among large 
companies in Sweden increase and they also offer a wider range of products 
and/or services, as both ABB and SKF state they will, other Swedish suppliers 
may prosper as well. 

Another issue regarding the future prospects of the Swedish component 
suppliers relates to the capacity of the suppliers. There are indications that 
Swedish suppliers are reaching their limits in capacity due to the increasing size 
of the wind turbines and the components. In order to stay in the race, investments 
may therefore be required. The fact that the wind turbine market is perceived as 
unstable may cause the Swedish suppliers to hesitate, and result in delays in the 
necessary investments or they might even decide against it altogether. The 
suppliers’ expectation of the future size of the components will also affect their 
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perception of the necessary future capacity. It was also found that at least a couple 
of the interviewed companies bought services in the form of additional processing 
of their products. This means that the Swedish component suppliers’ future 
competitiveness and ability to provide components will also be affected by their 
ability to buy these services. The situation is further complicated by the fact that, 
as the size of the components increase, transport costs will also increase. This 
implies it will be important for the component suppliers to have suitable 
partners/suppliers in their proximity that can provide the necessary services. 

Finally, it is important to actively market and inform various actors in the wind 
turbine industry of what Swedish suppliers can offer. So far, information of 
Sweden’s capacity to supply the wind turbine market does not seem to have 
reached the wind turbine market to any greater extent. Today, the world’s 
knowledge of the existence of wind turbine component production in Sweden, as 
well as the country’s capability of supplying this market, is very limited.22 The 
creation of the Swedish Wind Technology Group (SWIND), in 2001, within the 
Swedish Trade Council, may thus prove an important step in increasing Sweden’s 
participation in the wind turbine market as its major aim is to initiate, coordinate 
and administrate joint marketing activities for the group on selected export 
markets. Assistance in marketing and exporting may provide the necessary 
support in promoting Swedish component production, but more studies of 
Swedish small- and medium-sized companies and subcontractors are required in 
order to understand their needs and possible domestic orientation. 

Monitoring market developments and making this information available to the 
Swedish suppliers may also be an important step in assisting and promoting the 
Swedish suppliers. Up-to-date and correct information about market 
developments can assist the suppliers in their decisions regarding the future and 
possible investments. An increased awareness of existing and future demand in 
the market will also make it easier for suppliers to realize business opportunities. 
If Swedish companies tend to be passive/reactive exporters, there is reason to 
believe they may be missing business opportunities. Further, the lack of 
international awareness about Swedish production capability and capacity means 
Sweden is less likely to be the obvious market for potential buyers to scan. 

 
 

                                                     
22 Nyström, SWIND, Dec. 3, 2002 
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3 Wind Power in the World 
 
 

This chapter presents an overview of the global and the Swedish wind power 
market and the wind turbine manufacturers in the world.  

 
 
 

3.1 The Wind Power Market 
 

This section looks at the global wind power market, which is of importance 
because the demand for wind turbines will directly affect the demand for 
components. Figure 3.1 illustrates the annual capacity installed (in MW), actual 
and forecasted, in the world between 1996 and 2006.  

 
Figure 3.1 Wind Power in the World (MW), 1996-2006 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Based on Appendix 1.1 
 
It would have been preferable to base the figure on the number of turbines 
installed because that would have given a better picture of the demand for 
components. Unfortunately, this information was not available but the figure 
should still provide some sense of the development.  
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By the end of 2002, the total installed wind power capacity in the world 
surpassed 31,000 MW, and it is forecasted to reach over 79,000 MW by 2006 (see 
Appendix 1.1 for exact figures and percentages). Figure 3.1 shows the wind 
power market has been growing considerably and continuously between 1996 and 
2002, and that this development is expected to continue.  

At the same time, the annual increase in installed capacity show great variation, 
as is more clearly seen in Figure 3.2. Despite the continuous increase observed up 
until 2002, the growth has been unsteady and the annual capacity increases ranged 
from 1 to 66 percent. Figure 3.2 also shows that although a record amount of wind 
power capacity was installed in 2002 (see previous figure), the percentage 
increase was record low. If the demand for wind turbines fluctuates, so will the 
demand for components.  
 
Figure 3.2 Annual Change in Installed Capacity in the World (%), 1997-

2006 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on Appendix 1.1 
 
BTM’s forecast suggests that the average growth rate of the annually installed 
capacity (MW) will decrease. During the five year period, 1996-2001, the annual 
average growth was 39.5 percent and between 2002 and 2006, it is expected to be 
16.5 percent. According to BTM’s forecast, the growth will continue to be 
unstable, although slightly less so, and the annual growth is expected to range 
from 5 to 32 percent.  
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Despite the weaker than expected development in the world in 2002 (see 
Figure 3.2), growth in Europe surpassed the expectations. According to the latest 
figures released by the European Wind Energy Association (EWEA), in 2002, 
another 5,871 MW of wind power capacity, worth € 5.8 billion, was installed in 
Europe instead of the expected 5,080 MW. This is 31 percent more than the 
capacity installed during the previous year. By 2002, Europe had, by far, the 
largest amount of installed capacity of wind power in the world. Europe’s share of 
the total amount of wind power capacity increased from 71 percent in 2001 to 74 
percent in 2002.23 This implies that Europe is the largest market for wind turbines 
in the world. Germany, Spain, and Denmark accounted for close to 90 percent of 
the total installed capacity in Europe in 2002. Germany had the greatest amount 
of installed capacity in the world, followed by the USA and Spain, as can be seen 
Table 3.1.  

According to BTM Consultant ApS, the greatest future increase, in terms of 
accumulated installed capacity (MW) between 2002 and 2006, is expected to be 
found in Europe, followed by America and Asia. Growth rates are, however, 
expected to be greater in both America and Asia compared to Europe.24 The 
greatest contributors to the large expected increase in installed capacity in Europe 
are forecasted to be Germany, Spain, France, UK and Denmark. The most likely 
candidates for being new stable markets with significant growth rates in Europe 
are judged to be France, Italy, and eventually Sweden. In the Far East, Japan and 
Australia are believed to be the most obvious candidates.25 In order to know 
where the largest markets for the component producers are found one would need 
to know where the wind turbines are produced, which will be discussed in the 
following section. 

                                                     
23 BTM Consultant ApS, March 2002, p. 3; EWEA, “Record Growth for Global Wind Power in 

2002” 
24 BTM Consultant ApS, March 2002, p. 20 
25 BTM Consultant ApS, March 2002, p. 30 
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Table 3.1 Annually Installed Capacity, by Country, 2000-2002 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
* Including Netherlands. 
 
Based on figures presented in BTM Consultant ApS, March 2002, p. 10; EWEA, “Record Growth 
for Global Wind Power in 2002. 
 

Share of  Share of  Share of  Share of  
MW Total (%) MW Total (%) MW Total (%) MW Total (%)

Germany 1,665 37 2,627 38 3,247 47 12,001 39
Spain 1,024 23 1,050 15 1,493 22 4,830 16
USA 165 4 1,635 24 410 6 4,685 15
Denmark 603 13 115 2 497 7 2,880 9
India 169 4 236 3 195 3 1,702 5
Italy 147 3 276 4 103 1 785 3
Netherlands n.a. n.a. 50 1 217 3 688 2
UK 63 1 107 2 87 1 552 2
China 13 0 75 1 68 1 468 2
Japan 74 2 217 3 140 2 415 1
Greece 116 3 84 1 4 0 276 1

Others 456* 10* 352 5 407 6 1,846 6

World total 4495 90 6824 100 6868 100 31,128 100

Annually Installed Capacity

Capacity
Accumulated

2001 20022000
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3.2 An Overview of the Global Wind Turbine Industry 
 
This section presents information regarding wind turbine manufacturers, 
component suppliers, and employment in the wind turbine industry. The wind 
turbine manufacturers as well as the component suppliers are of interest because 
they are potential customers of Swedish suppliers. Component suppliers are 
certainly also potential competitors to the Swedish suppliers. The employment 
opportunities created by an industry is also of interest for most countries. In the 
case of Sweden, presented in Section 3.3, employment has not been included due 
to the lack of information.  
 
3.2.1 Wind Turbine Manufacturers and Some Historical Aspects 

The world’s ten leading manufacturing companies of wind turbines are presented 
in Table 3.2. In 2001, 94 percent of all wind turbines (in MW) sold in the world 
was produced by these ten manufacturers. Statistics also show the market shares 
have been relatively stable between 1999 and 2001 (see Appendix 1.4). 

 
Table 3.2 Shares of Total Sales in the World in 2001, by Company 

 
 

 

 

 

 

 

 

 

 
Note: Nordex was a Danish company but is now considered as German since 71% of the company is 
German owned. 

Based on information provided by BTM Consultant ApS, March 2002, pp. 12-14, and Nordex’s 
homepage http://www.nordex-online.com/ 

Company Country 2001 Share of Total (%) 2001 Share of Total (%)
Vestas Denmark 1,648 23 4,983 19
Enercon Germany 1,036 15 3,206 12
NEG Micon Denmark 874 12 4,510 17
Enron US 865 12 2,288 9
Gamesa Spain 648 9 2,125 8
Bonus Denmark 593 8 2,306 9
Nordex Germany 461 7 1,473 6
MADE Spain 191 3 783 3
Mitsubishi Japan 178 3 558 2
REpower Germany 133 2 379 1
Others 448 6 3,482 13
World Total 7,075 100 26,093 100

Annual Sales (MW) Accumulated Sales (MW)



 22 

Table 3.3 shows the distribution of the market shares across countries.  The table 
clearly shows that Danish companies dominate the wind turbine production. In 
2001, 44 percent of the wind turbines (in MW) sold in the world was Danish. If 
one considers that Nordex initially was a Danish company, more than 50 percent 
of today’s wind turbine production measured in MW is explained by the 
development of the Danish wind turbine industry. A comparison of Table 3.3 with 
3.1 shows that most of the countries (Denmark, Germany, Spain and the US) 
which hold large market shares in wind turbine manufacturing also tend to have a 
significant amount of wind power capacity installed in their home market. This 
correlation is mainly explained by the fact that wind turbines are heavy equipment 
and it simply makes no economic sense to manufacture wind turbines were there 
is no demand.26  
 
Table 3.3 Shares of Total Sales in the World in 2001, by Country 
 

 
 
 
 
 
 
 
 

 
* Note: Figures for e.g. Danish sales include all production by Danish companies, which does not 
necessarily have to be located in Denmark.   

Based on Table 3.2 
 
The main explanation of Denmark’s strong position in wind turbine production is 
believed to be a strong home market, which allowed Danish producers to test their 
technology and manufacturing technology at an early stage. This in turn meant 
that Danish manufacturers had a head start when thousands of wind turbines were 
installed in California during the 1980s.27  At that time, the federal and state 
governments in the USA offered generous tax incentives and favorable long-term 
utility contracts to entrepreneurs and investors, and by 1987, nearly 15,000 wind 

                                                     
26 Krohn, 2002 
27 Krohn, 1998, “Creating a Local Wind Industry – Experience from Four Countries”, p.10 

Manufacturing Global Manufacturing Global Manufacturing
Country * Sales (MW)  Market Share (%) Sales (MW)  Market Share (%)

Denmark 3,115 44 11,799 45
Germany 1,630 23 5,058 19
Spain 839 12 2,908 11
US 865 12 2,288 9
Japan 178 3 558 2
Others 448 6 3482 13
Total 7,075 100 26,093 100

2001 Accumulated



 23 

turbines had been installed, mainly in Altamont Pass (located southeast of San 
Francisco), Tehachapi, and San Gorgonio Pass.28  

The fact that the Danish companies were practically the only companies in the 
world with a substantial track record meant that Danish machines were preferred 
by investors during what became known as the great California wind rush in the 
1980s and about half of the capacity installed in California was of Danish origin. 
According to Soren Krohn, the Managing Director of the Danish Wind Industry 
Association, the experience gained by the major Danish manufacturing companies 
from manufacturing thousands of wind turbines for the California market cannot 
be overestimated.29  

Other manufacturers that shared the market in California, the first large market 
for wind turbines, with the Danes were the British, German, Japanese, Dutch and 
American manufacturers. The fact that four (Denmark, Germany, Japan and the 
US) of these six countries are among the five largest manufacturing countries in 
the world today (see table 3.3) seems to verify the importance of the experience 
gained during the great California wind rush. The opportunity created in 
California was also likely to be important because it provided manufacturers with 
valuable references, which proved to be vital in the case of Denmark when the 
California market started to expand.  

The wind energy industry started with a large number of small players but 
during the 1990s the industry was rationalized, the number of participants was 
reduced and the capital base, which supports these companies, was strengthened. 
There was also a move towards vertical integration of both production of wind 
turbines and development of wind farms, 30 but it should be noticed that the wind 
turbine manufacturers still show significant variation in their degree of vertical 
integration, Enercon for example is highly integrated while others utilize 
component suppliers to a high degree.31  

Further, technology transfer has allowed local facilities in distant markets to be 
established. Many of the European companies have established subsidiaries or 
joint ventures in their export markets, in e.g. India more than 20 companies found 
local partners. Spain is another example and is one of the larger wind turbine 
manufacturing countries today. Gamesa, which is the largest Spanish wind turbine 
manufacturer, started as a joint venture between Gamesa Group, Sodena and the 

                                                     
28 Krohn, 1998, “The Great California Wind Rush”; Lehrer, J., 2002  
29 Krohn, 2002, p. 10 
30 European Commission Directorate-General for Energy, 1997 
31 Based on interviews with various Swedish component suppliers; Enercon’s homepage. 
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Danish wind turbine manufacturer, Vestas, in 1993. 32  The following joint 
declaration, made by Danish manufacturers during an official meeting in China 
(Beijing April 21, 1998), outline the preconditions for local joint ventures:33 

 
 There must be a clear Government policy for wind 
 There must be a regulated power purchasing system for utilities 
 There must be sufficient confidence to draw up a medium-term business 

plan 
 It is useful to have a local network of component suppliers for 

components 
 There must be a recognized testing/approval procedure for the 

introducing and approving alternative components for turbines 
 Regulations for establishment, investment and operation of joint ventures 

must be clear 
 Finding the right partner for a joint venture ” 
 
 

3.2.2 Component Suppliers  

There are a number of companies producing a wide range of components for the 
wind turbine industry, such as rotor blades, gearboxes, generators, towers, control 
and monitoring systems, brakes, shafts, bearings, etc. Some of the major 
component suppliers of the wind turbine industry are LM Glasfiber A/S, Winergy 
AG (subsidiary of Flender GmbH), ABB, Bladt Industry A/S, Erik Roug A/S, 
Metso Drives Technology, Svendborg Brakes, Skoda Steel, FAG OEM and 
Handel AG, SKF, just to mention a few.34 Component suppliers in Europe are 
primarily located in the major wind turbine manufacturing countries, i.e. Denmark, 
Germany and Spain; 35  which implies location has played a role for the 
development of component production. As was seen in the manufacturers’ outline 
of preconditions for local joint ventures in Section 3.2.1, wind turbine 
manufacturers seem to view local component production to be, if not vital, than at 
least “useful” for starting production of wind turbines.  

A logical explanation for the agglomeration is likely to be the transport costs. 
By choosing component suppliers that are located close to the production sites of 

                                                     
32 European Commission Directorate-General for Energy, 1997 
33 Cited in Krohn, 1998, “Creating a Local Wind Industry – Experience from Four Countries”, p. 37 
34 BTM Consult ApS, 2002, pp. 60-62 
35 Krohn, 1998, “Creating a Local Wind Industry – Experience from Four Countries”, p. 36 

“ 
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the wind turbines, transport costs are cut. The heavier and larger the components 
are the more important location is likely to be. The development of wind turbines 
shows they are becoming larger and heavier,36 and according to an article in 
Windpower Monthly, “Just15 years ago a complete wind turbine could be packed 
inside a standard shipping container, but today’s megawatt components are far too 
big for normal transport solution. Moving wind plant about the world has become 
a business of skill, secrecy and intense competition.” 37  According to BTM 
Consultant ApS, the trend of wind turbines and their components, increasing size 
in the established markets, is driven by the expected large market for offshore 
wind turbines.38 

The location of component suppliers, primarily in the major wind turbine 
producing countries, and the Danish manufacturers’ statement regarding the local 
component suppliers in their joint declaration (see Section 3.2.1) suggest location 
is an important factor when sourcing parts for wind turbines. As the wind turbines 
continue to grow in size, location will likely become of greater importance. It 
should be noticed that this also indicates that the agglomeration seen today cannot 
be explained solely by transport costs since transporting wind turbines and its 
components were much less of a problem when the industry developed. This is 
discussed further in Section 4.2. 

 
3.2.3 Employment in the Wind Turbine Industry 

As will be seen in this section, production of wind turbine components can 
provide significant employment opportunities. The Danish Wind Industry 
Association estimated that, in 2001, the wind industry employed some 60,000 
people worldwide and 45,000 in the European Union. 39  The association also 
published the following figures, presented in Table 3.4, which show the 
distribution of employment across various components, in 1995. Figures for 
employment, in 2001, were also included in the table; although these figures were 
not as detailed, they show that the increase in employees in component production 
was much greater than in wind turbine assembly. The figures in the table also 
show that employment in component manufacturing was almost three times as 
high as in wind turbine assembly by 2001.  
 
                                                     
36 See e.g. BTM Consult ApS, 2002, p. 8 
37 Jackson, p. 56 
38 BTM Consult ApS, 2002, p. 8 
39 Krohn, 2002 
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Table 3.4 Distribution of Danish Employment across Various Components 
1995 & 2001 

 
 

 
 
 
 
 
 
 
 

 
Source: Danish Wind Industry Association, Employment in the Wind Industry and Danish Wind 
Power 2001 

 
It should be noticed that the Danish Wind Industry Association estimate that wind 
turbine production creates about 50 percent more jobs than what the figures in the 
table suggest, due to the fact that Danish manufacturers import many components, 
e.g. gearboxes, generators, hubs etc. Jobs are also created through the installation 
of wind turbines in other countries.40 

In 1998 the Danish Wind Industry Association estimated that the global job 
creation from manufacturing large wind turbines to be somewhere around 16 to 
18 job-years per MW. The figures included job creation with component suppliers 
(primary, secondary, etc., see Figure 1.2). The wind turbine installation work was 
estimated to create another 5-10 job-years per MW of wind power.41  

The European Commission Directorate-General for Energy published similar 
figures and estimated that 15 to 19 job-years are created by the installation of one 
MW of wind power capacity under European conditions and in more labor-
intensive parts of the world, perhaps twice as many. These figures did not include 
jobs such as operation, service and maintenance.42 

                                                     
40 Krohn, 1998, “Employment in the Wind Industry” 
41 Krohn, 1998, “Creating a Local Wind Industry – Experience from Four Countries”, pp.38-40 
42 European Commission Directorate-General for Energy, 1997, Wind Energy – The Facts 

1995 2001 Change (%)
Turbine assembly 3,600 5,500 153
Components 5,000 14,500 290
   (Rotor blades 2,000 n.a.)
   (Electronic controllers 700 n.a.)
   (Brakes, hydraulics etc. 200 n.a.)
   (Towers 1,500 n.a.)
   (Installation of turbines 300 n.a.)
   (Other 300 n.a.)

Industry total 13,600 20,000 147

Employment
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3.3 The Case of Sweden 
 

Findings in Section 3.2.1 and 3.2.2 suggested that local demand for wind power is 
correlated with wind turbine manufacturing, which in turn is correlated to the 
existence of component production. In order to study Swedish component 
production, it is thus relevant to take a closer look at the Swedish wind power 
market and wind turbine production. 

 
3.3.1 The Swedish Wind Power Market 

Between 1996 and 2002, the Swedish wind power capacity in use increased 
steadily from 126 to 328 MW. Figure 3.3 illustrates the annually installed 
capacity in MW, between 1998 and 2002, and the forecast for the period 2002 to 
2006. The country’s annual capacity increase during the past 5 years, between 
1997 and 2002, reached an average of 23 percent and a comparison with the 
world shows Sweden lagged behind the global development. The world average 
increase during the same period was 37 percent (see Appendix 1.1 and 1.6).  

 
Figure 3.3 Wind Power in Sweden, 1996-2006 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As can be seen in Figure 3.4, between 1997 and 2002, the annual change in the 
installed capacity has varied significantly in Sweden and it has ranged between -
26 to 140 percent, i.e. the market has been very unstable (see Appendix 1.6 for 
exact figures). Further, in Sweden, contrary to the development seen in the world, 
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between 1996 and 2002, the annual change in installed capacity tended to 
decrease rather than increase. The only years showing a positive development 
were 1998 and 2001, and the median value of change was -8 percent. Despite the 
relatively slow development so far, the market is expected to grow by 1,400 MW 
between 2002 and 2006, and is also believed to be one of the future growth 
markets (more information about future markets is offered in section 3.1).43 So far, 
however, there are no indications of any dramatic changes in the development 
seen so far. The expected increase in 2002 was not realized, and instead the 
amount of capacity installed decreased by 8 percent compared to the previous 
year. According to the forecast made by BTM Consult ApS, depicted in the figure, 
the market is expected to continue to show great variation. 
 
Figure 3.4 Annual Change in Installed Capacity in Sweden (%), 1998-2006 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The size of the turbines installed in Sweden has increased, as in the rest of the 
world, which is illustrated in Figure 3.5. The figure illustrates the amount of wind 
turbines, and their effect, installed in Sweden between 1997 and 2001. It shows 
that the typical wind turbine has grown from 600 kW in 1997 to 850 kW in 2001. 
In 2001 the amount of wind turbines with an effect of 600 and 660 kW were still 

                                                     
43 BTM Consultant ApS, March 2002, p. 30 
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quite commonly installed, and made up for 36 percent of the total amount of 
installed wind turbines, while wind turbines with an effect of 850 and 900 kW 
together made up for 48 percent.  

 
Figure 3.5 Annually Installed Wind Turbines in Sweden, by Effect, 1997-

2001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on Appendix 1.7 B 
 

3.3.2 Wind Turbine Manufacturers in the Swedish Market 

By the end of 2001, there were a total of roughly 568 wind turbines in Sweden, 
and the total installed capacity in use was 295 MW (see Appendix 1.6). Figure 3.6, 
illustrates all the wind turbine manufacturers that were active in the Swedish 
market between 1997 and 2001, and their market shares, for more figures and 
statistics concerning wind turbines and manufacturers in the Swedish market see 
Appendix 1.7 and 1.8. The figure shows that the market has been dominated the 
Danish company Vestas, although it seems to have lost some of its dominance to 
the Danish NEG Micon, in 2001. The German Enercon has had a relatively stable 
market share. Nordic Windpower entered the market again in 1999, after a period 
of inactivity. These four: Vestas, NEG Micon, Enercon and Nordic Windpower, 
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were the only manufacturers with recorded sales in the Swedish market in 2000 
and 2001.  
 
Figure 3.6 Wind Turbine Manufacturers’ Market Shares in the Swedish 

Market, 1999-2001 (Based on number of wind turbines installed in 
Sweden) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although the growth of wind power in Sweden has been cautious, it has been 
growing. The growth has, despite considerable amounts of government spending 
on wind turbine research, development and demonstration projects concerning 
wind turbines, not been capture by Swedish wind turbine manufacturers.44 By the 
end of 2001, 97 percent of the installed capacity in use was attributable to foreign 
production, mainly Danish (see Appendix 1.8 B).  
 

                                                     
44 For more information about the Swedish wind power development, see Åstrand and Neij, 2003. 

0

10

20

30

40

50

60

70

1997 1998 1999 2000 2001Year

M
ar

ke
t S

ha
re

 in
 P

er
ce

nt

Bonus

Enercon

NEG Micon

Nordex

Nordic Windpower

Vestas

Windworld

Zephyr

Based on Appendix 1.8 A



 31 

3.3.3 Some Concluding Remarks 

Based upon the findings in Section 3.3, one would not expect to find a great 
production of wind turbines in Sweden, mainly due to the limited demand for 
wind turbines in the country. Generally, in the case of wind turbines, local 
demand has been correlated with wind turbine manufacturing. Considerable 
amounts of money have nonetheless been spent on research, development and 
demonstration projects relating to wind turbine production trough government 
programs,45 but this has not led to the development of a strong wind turbine 
industry or any series production of wind turbines in Sweden. The growth has 
instead been captured by mainly Danish manufacturers, who are closely situated 
to the Swedish market and among the most successful turbine producers in the 
world.  

The component production has in turn been correlated to the wind turbine 
production. This, however, should not necessarily have been to Sweden’s 
disadvantage considering the country’s proximity to two of the world’s largest 
wind turbine producing countries, Denmark and Germany. Many component 
suppliers in Sweden are likely to find that customers in both Denmark and 
Germanry are geographically closer to them compared to many Swedish 
customers. Sweden’s technological strength in mechanical and electrical 
engineering suggests that Sweden is also likely to have the ability to supply 
turbine components. Thus, Swedish component suppliers should have had, and 
still have, a great advantage and scope to penetrate the wind power industry.  
 

                                                     
45 Johnson, 1999, Paper II, p. 9; Åstand and Neij, 2003 
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4 Component Suppliers in the Wind Turbine 
Industry: The Case of Sweden 

 
 

Despite the lack of a strong wind turbine industry in Sweden, various component 
suppliers have emerged in the country. Among the more successful have been the 
foundries and large international companies, such as ABB and SKF. Castings 
seem to be one of the most successful types of production in Sweden to penetrate 
the wind turbine market. 46 This chapter will study various factors e.g. the 
development in the wind turbine industry, the wind power market, the 
certification requirements, etc., that affect the suppliers ability and opportunity to 
penetrate the wind turbine industry.  

 
 
 

4.1 The Companies 
 

Twelve companies were interview for this study and a brief overview of these 
companies and the products they offer the wind turbine industry is found in this 
section. Note that the companies manufacture other products than those discussed 
here – only the products with relevance to the wind turbine market are included in 
this paper.  

The interviews revealed that a wide range of wind turbine components are 
produced in Sweden and that the companies varied considerably in terms of size 
and relation to the wind turbine market. The companies ranged from small to 
large international actors, from primary to tertiary component suppliers, from 
suppliers of standardized products to subcontractors, from suppliers of specialized 
products to systems, and a few of the component suppliers were attempting to 
introduce new technology and products. A complete list of interviewed companies 
can be found in Appendix 2. It should be noticed that there are also other types of 
components produced in Sweden e.g. brakes, control systems, gear boxes (see 
Appendix 3). The main markets of the Swedish component suppliers’ are found 
where the major wind turbine manufacturers and component producers are found, 
i.e. in Europe. Not surprisingly, Denmark and Germany were the most common 
countries of export for the studied companies. Denmark and Germany are the two 
                                                     
46 Sidén, Jan. 5, 2003; Nyström, Dec. 2002, SWIND; Engström, 2002 
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largest wind turbine producing countries, and are also geographically close to 
Sweden. Due to the large variation in the companies studied, in terms of e.g. size, 
products they offer, and the limited number of companies studied, the results 
should not be interpreted quantitatively. 
ABB operates in roughly 100 countries and totally employs around 139,000 
people. It is one of the major suppliers of generators for the wind turbine industry, 
which are produced in Finland and Estonia. The company also produces other 
electric equipment for wind turbines as well as products and systems for grid 
connection of wind parks, which creates around 40 jobs per year in Sweden. They 
are now also offering complete turnkey wind parks in consortium with wind 
turbine manufacturers. ABB’s primary markets are Denmark, Germany, and 
Spain. ABB’s annual sales to the wind turbine market currently amounts to 
around € 100 million.47 
 
Figure 4.1 ABB’s Production in Sweden, Intended for the Wind Turbine 

Market 
 
 
 
 
 
 
 
 
 
 
Note: This box applies to Figures 4.1 –  4.8. 
 
 
 
 
 

                                                     
47 Hellström, ABB Wind Power Systems, ABB’s homepage, Dec. 10., 2002; BTM Constult ApS, 

2002, p. 61 

ABB: 
Electric equipment, 

products and systems 
for grid connection of 

wind parks 

Direct sales to turbine manufacturers. 

Indirect sales, through a supplier. 

Identified production in Sweden that is currently being
sold to the wind turning industry, based on interviews. 

Wind Turbine 

Manufacturers 

 



 34 

SKF is the leading global supplier of products, customer solutions and services in 
the roller bearing and seals business and also plays an important role in condition 
monitoring. The company has factories in more than 20 countries, is present in 
more than 130 countries through its global network of distributors and employs a 
total of 40,000 employees. SKF’s annual sales to the wind turbine market amount 
to around € 100 million. 

SKF supplies the wind turbine market with standardized products as well as 
customized special products, and is working on developing integrated systems 
and drive solutions for this market. In addition, SKF provides engineering 
consultancy. The key products that the company offers to the wind turbine 
industry are spherical, cylinder and taper roller bearings, and slewing bearings. 
The spherical roller bearings are mainly produced in Sweden while the cylinder- 
and taper roller bearings are mainly produced in Germany. The slewing bearings 
are produced in France. The Industry Division sells products to the wind turbine 
market, both directly to the wind turbine manufacturers and indirectly through 
gearbox and generator manufacturers. Other types of products, manufactured in 
Sweden, are CARBTM-bearings, No-WearTM coated bearings, radial shaft seals, 
shaft coupling systems, housings and WindCon condition monitoring systems.  

The SKF WindCon condition monitoring systems provide wind park operators 
with a complete picture of the condition of its wind turbines at any time, allowing 
incipient problems to be detected at an early stage and preventive maintenance to 
be scheduled on time before unplanned downtime causes considerable loss of 
production cost. The SKF WindCon is sold both to wind turbine manufacturers as 
well as wind park operators and there exists a great interest in this system due to 
the off-shore plans for wind turbines, as the cost of complete failures in an off-
shore environment would result in considerable costs.  

SKF also offers services and spare parts through their Service Division, to 
wind turbine owners such as Vattenfall, Sydkraft and Göteborgs Energi. SKF’s 
primary markets are Denmark, Germany, Spain and the USA – in that order. SKF 
is an established supplier of all wind turbine manufacturers with serial production 
and is the preferred supplier among most larger turbine manufacturers, e.g. Vestas, 
Enercon, Gamesa and REpower. SKF has been selling to the wind turbine market 
from the very beginning but the market first became of real interest in 1998.48 

Lidköpings Gjuteri is a foundry, employing 35 people today, and it started 
producing bearing housing for the wind turbine market over 10 years ago. The 

                                                     
48 Karlsson, SKF, Dec. 18, 2002; Karlsson, SKF, Apr. 30, 2003; SKF Press Release Mar. 3, 2003 
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sales to the wind turbine market make up for 70 percent of the company’s total 
sales. It is a subsidiary of the Norwegian Windcast A/S. The Windcast Group 
consists of a total of 4 companies: Kristiansandes Jernstøperi in Norway, 
Eisengiesserei Magdeburg GmbH in Germany, Guldsmedshytte Bruk AB and 
Lidköpings Gjuteri AB in Sweden; with a total of 500 employees. The group is 
the leading producer of castings for the wind turbine industry in the world. In 
2002, the group produced 45,000 tons of goods, of which approximately 27,000 
tons were wind turbine products, e.g. bearing housing, machine bed, and hub. 
Primary markets are Denmark, Germany, and Spain.49 The Danish wind turbine 
manufacturer Vestas has shown an interest in buying the Windcast Group, and 
may thus soon be part of Vestas.  

Lidköpings Mekaniska Verkstads AB (LMV) provides machine-finished 
bearing housing for the wind turbine market since 1998, and employs 66 people. 
The sales to the wind turbine market make up for about 25-30 percent of the 
company’s total sales. Many of the company’s products are bought from 
Lidköpings Gjuteri, which is located 50 meters from LMV.50 The company is a 
subsidiary of Lidköpings Machine Tools, which in turn is a subsidiary of Karoline 
Machine Tool AB, one of the largest grinding machine tool manufacturers in 
Scandinavia. 51  LMV’s products are sold to the wind turbine market mainly 
indirectly through SKF. According to Micael Olsson at LMV, “The company has 
some direct contact with wind turbine manufacturers.”, but as it is unclear if this 
means the company is actually selling any products at this time to the 
manufactures this has been left out in the figure.52 LMV is interested in producing 
a wider range of products and also to sell to a wider range of customers, e.g. gear 
manufacturers, and wind turbine manufacturers.53  

 
 

                                                     
49 Andersson, Lidköpings Gjuteri AB, Dec. 17, 2002; Børsen, 2002, 
50 Olsson, Lidköpings Mekaniska Verkstads AB, Dec. 19, 2002 
51 Lidköpings Machine Tools AB; LMV’s homepage (see Appendix 2) 
52 Olsson, Lidköpings Mekaniska Verkstads AB, Apr. 17, 2003 
53 Olsson, Lidköpings Mekaniska Verkstads AB, Dec. 19, 2002 
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Figure 4.2 SKF’s, Lidköpings Gjuteri’s, & Lidköpings Mekaniska 
Verkstad’s (LMV) Production in Sweden, Intended for the Wind 
Turbine Market 
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SSAB Oxelösund produces ordinary structural steel for the wind turbine market 
and employs around 2,500 people. The company is a subsidiary of SSAB Svenskt 
Stål AB, which is Scandinavia’s largest producer of ordinary steel.54 The steel is 
used for tower production and is sold to both wind turbine manufactures as well 
as wind tower producers. The company’s main market is Denmark, but it will 
start supplying Enercon Windtower Production in Sweden (see below) in 2003. 
According to the company the wind turbine market has until now been more of a 
spot market, but that it will focus more on the market in the future. 55  

Smidesbolaget Oxelösund produces cut steel that is prepared for jointing (i.e. 
flat steel segments), for tower production since 1999 and employs 30 people. The 
sales to the wind turbine market make up for 25 percent of the company’s total 
sales. The company’s main supplier of steel is SSAB Oxelösund, to which it is 
almost 100 percent loyal. The business idea of Smidesbolaget is to be located 
close to their source of raw material, which will keep the transport costs and thus 
their prices low. The company sells steel to wind turbine and tower manufacturers 
in Denmark. Today the Danish market is estimated to consume around 170,000 
tons of steel for tower production and 30,000 is delivered by Smidesbolaget.56 
This implies the company has an 18 percent market share of the Danish tower 
market. 
 
Figure 4.3 SSAB Oxelösund’s & Smidesbolaget Oxelösund’s Production in 

Sweden, Intended for the Wind Turbine Market 
 
 
 
 
 
 
 
 
 
 

 

                                                     
54 SSAB Svenskt Stål; SSAB Oxelösund’s homepage (see Appendix 2) 
55 Odenman, SSAB Oxelösund AB, Dec. 17, 2002; Appelqvist, Enercon Windtower Production 

(EWP), Dec. 19, 2002 
56 Thor, Smidesbolaget Oxelösund, Dec. 18 2002 
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Avesta Polarit is the world’s second largest stainless steel producer, employing 
around 9,000 people, and it hopes to penetrate the wind turbine market with 
stainless steel for tower production and/or stainless steel products, e.g. ladders 
and lockers for cables and apparatuses. A problem so far seems to have been the 
relatively higher price of stainless steel compared to ordinary structural steel but 
there are some advantages with stainless steel that may make it an interesting 
alternative for offshore wind turbines.57 A graphical presentation has not been 
included because the company does not sell any products to the wind turbine 
industry at this time.  
 
Scana Steel Björneborg produces forged shafts (for the rotor) for the wind 
turbine industry since 1996, and employs 260 people. The company sells shafts to 
wind turbine manufacturers in Denmark and Germany. The only Swedish contact 
they have today is ScanWind. The wind industry is expected to grow considerably 
and Scana Steel is positioning itself to take advantage of this development.58 The 
company believes the main reason for the limited success so far is that it 
previously sold standardized shafts through agents. Today, they offer a more 
processed product than previously and work more directly towards the 
manufacturers. Scana Steel Björneborg expects to sell 350 shafts to the wind 
turbine market during 2003.59 
 
Figure 4.4 Scana Steel Björneborg’s Production in Sweden, Intended for 

the Wind Turbine Market 
 
 
 
 
 

 
 
 

                                                     
57 Finnås, Avesta Polarit, Dec. 10, 2002; Avesta Polarit's homepage (see Appendix 2) 
58 Scana Annual Report 2001, p. 35 
59 Harnesk, Scana Steel Björneborg AB, Dec. 18, 2002 
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Calesco Foil AB produces foil heating element (thin flexible circuits for 
resistance heating or electric conducting), and employs 85 people. Today the 
company sells its elements both directly and indirectly to the wind turbine market, 
via wind turbine manufacturers and component suppliers. Further, the company is 
currently working with LM Glasfiber, a Danish rotor blade producer, developing 
a new product - foil elements for the rotor blades that will prevent ice 
accumulation. It has also contacted several rotor blade manufacturers, offering 
another new product that will help the rotor blades to dry faster during production. 
Calesco is a subsidiary of Nibe Industrier and continues to have access to its 
former owner’s (Kanthal) sales organization, which includes 18 agents in 15 
countries throughout the world.60   

 
Figure 4.5 Calesco Foil’s Production in Sweden, Intended for the Wind 

Turbine Market 
 

 
 
 
 
 
 
 

ESAB produces complete cutting and automation products as well as welding 
consumables for tower manufacturers and employs 1,000 people in Sweden and a 
total of 6,700 throughout the world. The ESAB group is owned by Charter plc, 
London. It first started supplying its products to the wind turbine market in 
Denmark in 1997, then followed Germany, Spain, the US, Canada, and finally the 
U.K. ESAB sells its products to both wind turbine and tower producers. The 
equipment for tower production is specifically designed for this production and 
most of the product development is carried out by ESAB, but the company is also 
involved in joint development projects with their customers. The wind turbine 
market is believed to still be in its infancy but the enormous growth in the market 
makes it a strategically important market for ESAB.61 
 
                                                     
60 Eriksson, Calesco Foil AB, Dec. 17, 2002; Calesco Foil’s homepage (see Appendix 2) 
61 Cederholm, Lars, ESAB, Dec. 18, 2002 and Apr. 22, 2003; ESAB’s homepage (see Appendix 2); 

Charter plc Annual Report 2001, pp. 2-9 
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Figure 4.6 ESAB’s Production in Sweden, Intended for the Wind Turbine 
Market 

 
 
 
 
 
 

 
 

 
 
 
Damalini produces measurement and alignment equipment (laser technology) 
used in the production and installation of wind turbines and employs 26 people. 
Most of the company’s products are exported and domestic sales only make up 
for 12 percent of its turnover. The company started selling products to the wind 
turbine market in 2000. Today, the sales to the wind turbine market make up for 
about 2 percent of the company’s total sales but it recognizes that the market has 
great potential. The company is trying to introduce a new type of technology and 
has been actively seeking up their customers. Damalini’s largest costumers are 
found in Denmark and Germany, and it is currently working on establishing itself 
on the Spanish market.62 

 
Figure 4.7 Damalini’s Production in Sweden, Intended for the Wind 

Turbine Market 
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Enercon Windtower Production (EWP), owned by the German wind turbine 
manufacturer, Enercon, produces steel towers and foundations. Prior to Enercon’s 
purchase of the company in 2000, EWP was part of Kockums Industrier and it 
started producing towers in 1999. EWP’s towers are exported mainly to Germany 
but also to the Baltic States, Netherlands, Hungary, Austria, Belgium, and 
England. EWP produces 180 towers annually, has a capacity to produce four 
turnkey towers per week, and employs around 120 people. It is currently the only 
serial producer of towers in Sweden.  EWP’s sourcing of components and 
services creates additional work in the Malmö region and EWP estimate it totally 
engages approximately 250-300 people in the region. Its main suppliers of steel 
are found in England, Germany, and Denmark. SSAB will be supplying EWP 
starting in 2003.63  
 
Figure 4.8 Enercon Windtower Production’s Production in Sweden, 

Intended for the Wind Turbine Market 
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Figure 4.9 The Companies’ Geographical Location in Sweden 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Note: In the case of SKF, the company has several manufacturing sites in Sweden. A separate 
map of SKF’s manufacturing sites is available in Appendix 4. 
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4.2 Factors Affecting the Swedish Component Suppliers 
 

4.2.1 Acquisitions, Mergers, and Vertical Integration 

This section takes a look at recent trends, regarding acquisitions, mergers and 
vertical integration, in the wind turbine market and how these developments may 
affect the component suppliers.  

Today’s trend is that large industrial companies are becoming even larger 
through mergers and takeovers.64 This development has also been noticed among 
the wind turbine manufacturers. NEG Micon A/S was formed in 1997, as a result 
of a merger between Nordtank Energy Group A/S and Micon A/S, and later Wind 
World A/S was incorporated in NEG Micon A/S.65 Tacke Windtechnik GmbH, a 
large German wind turbine manufacturer, was incorporated in Enron Wind Corp 
in 1997.66 More recently, General Electric purchased Enron Wind Corp,67 and FKI 
plc, the world’s leading independent supplier of turbo generators, took over the 
German wind turbine company Dewind.68  

Mergers are of interest because they will affect component suppliers of the 
merging companies. A merger creates a situation were at least two companies, 
each with their own set of suppliers, are likely to coordinate their purchases in 
order to create greater economies of scale. As a result, suppliers of company A 
will experience an increased competition from the suppliers of company B, as 
company A and B merges.69 Further, mergers among wind turbine manufacturers 
imply component suppliers will find fewer companies to do business with. 

The recent interest of large actors such as General Electric and FKI in wind 
energy will also affect the component suppliers’ scope to penetrate the wind 
turbine market. In the case of General Electric’s acquisition of Enron Wind, 
General Electric seems determined to supply most of the necessary components 
from within the company itself, due to its expertise in a whole range of wind 
energy components and skills, e.g. rotor blades, gearboxes, generators, electronics, 
and mechanics.70 Similarly, Reg Gott, the managing director of FKI, says that 
companies within the FKI group can manufacture and assemble all the elements 

                                                     
64 NUTEK, 1999, p. 21 
65 BTM Consult ApS, 2002, pp. 13-14; Danish Wind Industry Association, “Wind Energy News 

Archives 1998” 
66 Enron Press Release 1997 
67 Harrison, 2002, pp. 40-42; Enron, “Investor Q&A”   
68 Massy, 2002, p. 21 
69 NUTEK, 1999, p. 21 
70 Harrison, 2002, p. 41 
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that make up a wind turbine.71 As a result wind turbine production in these two 
cases will become more vertically integrated, i.e. have their own supply facilities. 
Suppliers will thus be pushed out and will have to find other wind turbine 
manufacturers in order to sell their products, and this is likely to increase 
competition among component suppliers.  

Further, recent developments show wind turbine manufacturers are taking 
control over certain key technologies, e.g. production of rotor blades and control 
systems.72 It can also be noticed that Swedish component producers are being, or 
have been, bought by wind turbine manufacturers. These developments support 
the finding made by EWEA, which suggests the wind turbine manufacturers are 
moving away from network relationships, and are becoming more vertically 
integrated.73 The wind turbine manufactures tendency towards vertical integration, 
does not speak in favor of the component suppliers, but it does not necessary have 
to be negative for the Swedish market. In the case of EWP, previously part of 
Kockum, the company still has its production in Sweden and continues to create 
substantial amounts of work for various suppliers in the Swedish market, and thus 
continues to create employment opportunities in Sweden. This will also be true 
for, e.g. Lidköpings Gjuteri, which may soon be part of Vestas. Further, the wind 
market is expected to continue to grow, which may well result in these companies 
increasing their production, and thereby more business and employment 
opportunities in the Swedish market.  

In both the case of Vestas and Enercon, the wind turbine manufacturers were 
large costumers of the Windcast Group and the Kockums before the takeovers, 
and the acquisitions are/were mainly a way of securing their supplies rather than 
Sweden being a strategic market.74 This implies that as demand for capacity has 
increased, wind turbine manufacturers have been forced to search abroad for the 
necessary extra capacity, this suggests that the required type of capacity may be 
scarce. Interviews made in this study have also suggested that the number of 
facilities with the capacity to produce the increasingly large components is limited. 
If the required capacity exists in Sweden, the country’s proximity to what is 
expected to be strong future markets, e.g. Denmark and Germany, (for more 
information about future markets and forecasts, please see section 3.1), is likely to 

                                                     
71 Massy, 2002 
72 Engström, 2002, p. 3 
73 European Commission Directorate-General for Energy, 1997 
74 Appelqvist, Enercon Windtower Production, Dec. 19, 2002; Andersson, Lidköpings Gjuteri, Dec. 

17, 2002 
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be an advantage. Still, should the wind turbine manufacturers choose to start 
production of components themselves or buy foreign suppliers, it seems likely it 
will become more difficult for Swedish suppliers to penetrate the wind turbine 
market.  

The takeovers imply that the component production will become more 
dependent on a single manufacturer’s performance in the market. However, in 
both the case of EWP and the Lidköpings Gjuteri, Enercon and Vestas, 
respectively, were/are already large costumers of the suppliers, suggesting that the 
production in these two cases may not necessarily be facing a significantly 
increased risk due to the takeovers. 

Further, rather than having a network relationship with their suppliers, Vestas 
and Enercon have shown an interested in buying the supply source, i.e. vertically 
integrate. This further strengthens the notion that supply security is an issue, since 
the acquisitions of suppliers will provide the manufacturers with an increased 
guarantee of a future supply. It should, however, be noticed that the industry 
structure still shows great variation in its degree of vertical integration. The wind 
turbine production is well suited for out-sourcing and several wind turbine 
manufacturers source components to a great extent. The advantage with sourcing 
components is that it provides manufacturers with greater flexibility and 
decreases their sensitivity to market variations. 75  The noticed development 
towards vertical integration among wind turbine manufacturers is interesting and 
case studies made by e.g. Helper, MacDuffie, Sable (1997) and Stroper (1989) 
suggest that as demand uncertainty increase, companies tend to move away from 
vertical integration to flexible, collaborative arrangements with independent 
suppliers.76 The development seen in the wind turbine industry could thus be an 
outcome of the continuous increase in demand during the 1990s.  

Company and market specific studies could help to shed more light on the 
variation in vertical integration in the wind turbine industry. Overall, the growth 
in the market has fluctuated considerably despite a continuous growth, but there 
exists great variation at country level. In Germany, for instance, the increase in 
the number of annually installed wind turbines has shown a stable and continuous 
growth during the 1990s. In other countries, demand has fluctuated 
significantly. 77  By analyzing and comparing various markets and the supply 
organization in these markets it should be possible to show if the stability of the 
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market indeed has affected the degree of vertical integration among the wind 
turbine manufacturers. It would also be of interest to study how supply scarcity 
may affect the supply organization. The development in the supply organization 
in the wind turbine industry is of great interest and importance because it will 
affect the suppliers’ scope and opportunity to penetrate the wind turbine market. It 
would thus be of interest to have a better understanding of the factors causing the 
changes in the supply organization. It is, however, beyond the scope of this paper 
to make a thorough analysis of these developments.  

 
4.2.2 Buyer – Supplier Relationships 
In this section, the relationship between the wind turbine manufacturers and 
component suppliers is discussed as well as the factors affecting these 
relationships. This is hoped to shed some light on the environment in which the 
component suppliers compete, and the factors that affect this environment.  

Today’s wind turbine manufacturers have well-established networks of 
suppliers, but their loyalty towards these suppliers is not believed to be too great. 
78 Generally, large wind turbine manufacturers prefer sourcing major components 
from at least two suppliers, and not become too dependent on a single supplier.79 
As Stefan Karlsson at SKF said, “It is fairly unusual to be married to your 
suppliers.” This suggests competition will be fierce and prices low, which also 
most of the interviewed people at the various companies acknowledged.  

At the same time, the relationships between suppliers and wind turbine 
manufacturers are believed to be rather permanent, since a changing of 
components requires a new type approval and factors such as the complex design 
of wind turbines, together with the testing and type approval requirements imply 
it often takes some time to phase in new components. 80  Mats Andersson at 
Lidköpings Gjuteri explained that the standards are high, and the basic 
requirement is to be certified by a third party, e.g. ISO 9000, in order to qualify as 
a supplier. Further, suppliers also need to be certified by the wind turbine 
manufacturing companies.81  

How much time it takes is not clear and may well vary depending on the 
component in question, but the following information suggests it is not done over 
night. Richard Walker, president of REpower Wind Corp, a German wind turbine 
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manufacturing company, was quoted saying that before they could start 
manufacturing and assembling wind turbines in Sudbury, Canada, they needed to 
source component producers, a process that was expected to take at least 12 
months.82 Kjell Andersson at Calesco, which is currently testing their foil heating 
elements together with LM Glasfiber (a Danish rotor blade producer) in an 
attempt to address the problem of ice accumulating on the rotor blades of wind 
turbines in cold climate, stated that the testing and research and development 
(R&D) required would take a couple of years. He further explained that this was 
because LM Glasfiber has to be able to provide a lifetime guarantee of 20 years 
on their products.  

Interviews with various companies revealed that products are usually 
customized rather than standardized. Anders Edenhammar at Damalini explained 
that they often design customized products for wind turbine manufacturers and 
that this was necessary because different costumers have different solutions for, 
and patents rights to, e.g. how to manufacture towers, machines, and so on. The 
close cooperation needed for the necessary customization, was seen as positive 
because it provided Damalini with the opportunity of development and that is also 
was a source of new ideas. This implies that customization and thus cooperation, 
facilitates an important technology feedback between wind turbine manufacturers 
and their suppliers. This may also be valid for relationships between component 
suppliers.   

By offering their costumers special solutions, Mr. Edenhammar also believed, 
the company’s position was strengthened in relation to their costumers, i.e. 
cooperation was believed to create a competitive edge and relations that are more 
lasting. A logical explanation for this is that if a wind turbine manufacturer or any 
other type of producer, invest time and money in a relationship it is likelier that 
even if other suppliers offer cheaper products, it may not warrant a change of 
suppliers from the buyer’s point of view – simply because of the cost involved in 
such an action. This should also be true for relationships between component 
suppliers. 

The necessity of customization suggests that the complexity of a product as 
well as the ownership of the technological know-how for the production will 
affect the relationships between buyers and suppliers in the wind turbine industry. 
The complexity of a product will likely affect the need for e.g. joint R&D, and 
special solutions. One would expect relationships between a system supplier and a 
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final product producer to be stronger than of that between a specialized supplier 
and a final product producer, because the more complex a product is, the greater 
the need will be of e.g. cooperation, R&D, and testing, in order to adapt the 
component to the final product (e.g. car, wind turbine, etc). A supplier of a 
‘simple’ product, e.g. steel (compared to a generator for example), will thus have 
less of an opportunity to create lasting relationships with a buyer due to the need 
of e.g. intense R&D. This in turn implies buyers will be more dependent on 
suppliers of more complex products as the cost of replacing suppliers of less 
complex products will be less prohibitive. 

The scope of creating lasting relationships is likely to depend on the 
complexity of the product in question but also on who owns the technological 
know-how for the production. Suppliers who are pure subcontractors are less 
likely to be involved in joint R&D with the manufacturers since their role is to 
manufacture goods that have been designed and specified by the customer. Micael 
Olsson at LMV, a subcontracting company that produces machine-finished 
bearing housing for wind turbines, explained their level of involvement in the 
development process of a component varies and will depend on the 
manufacturers’ preferences - with some there will be very little while with others 
there will be more.  

This indicates that one way of becoming less dependent on suppliers and more 
flexible, in terms changing suppliers, would be to own the technological know-
how and source parts from subcontractors. If a company has a sufficiently large 
production and sales (i.e. has a large demand for inputs), this option may provide 
both an economic as well as a strategic advantage. If the demand for inputs is 
limited, the cost of having the technological know-how (e.g. costs involved in 
having competent personnel and necessary R&D) are likely to be too high to 
compensate for the potentially lower costs facilitated by a greater flexibility. The 
price of the component will thus also play an important role. From the suppliers’ 
point of view, having the essential technological know-how could thus strengthen 
their position.  

Wind turbine manufacturers on the other hand are likely to be interested in 
having the technical know-how for expensive components, such as towers, rotors, 
gears, and control systems. It has been noticed that there is a tendency for wind 
turbine manufacturers to not only have the technical competence for, but to take 
control of, the production of e.g. control systems, rotors, and towers. 83  As 

                                                     
83 Engström, 2002, p. 3; interviews with steel producers 



 49 

mentioned in Section 4.2.1, there are indications that this development may well 
be due to a scarce supply of production capacity, but the discussion here suggests 
the acquisitions of production capacity can also provide other advantages, both 
economic and strategic, and may facilitate a better understanding of the 
development seen in the market.  

 
4.2.3 The Increasing Size of the Wind Turbines 

In this section the development of the size of the wind turbines and the 
components are discussed as well as how this development may affect the 
component suppliers. According to BTM Consult ApS, the average size of the 
wind turbines installed in Germany, which accounted for nearly 40 percent of the 
total installed capacity in the world in 2002 (see Table 3.1, section 3.1), has 
almost tripled between 1995 and 2001. The average size of the wind turbines 
installed in Germany in 2001 was 1,281 MW. Further, the upcoming offshore 
turbines are expected to be in the range 3.5 to 5 MW. This is not a development 
seen only in Germany; the wind turbines are becoming larger all around the 
world.84  

As the capacity of the wind turbines is increasing, so is the size. As wind 
turbines become larger, so are components.85 This, naturally, is a factor that will 
affect the Swedish component suppliers’ ability to compete in this market. Those 
that wish to stay in the market will need to be able to handle increasingly large 
products, which is likely to require investments in the production plants. The 
interviews revealed that the companies’ situations varied in this regard and very 
much depends on the product in question. While at least two companies 
recognized they are reaching their limit, another did not view this development as 
a particularly troublesome issue although all three companies’ products were 
growing in size.  

In the latter case, it is unclear whether this was because the company was 
ready to invest in new equipment or if their existing equipment were able to 
handle expected sized increases. The company did not expect the components 
they produce to increase more than 25 percent in size. Information from other 
sources suggests that this assumption may be optimistic and that there is a 
concern that Sweden will not be able to handle large increases in the components’ 
size. One would need to study the specific components further, in order to 
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determine whether companies are correct in their assumptions regarding the 
future size of the components. If the companies are wrong in their assumptions, 
there is a risk that necessary investments will be delayed.  

A few companies recognized that there certainly are limits to what is possible 
to produce today but believed the increasing size could also be an advantage since 
few competitors in the world would be able to compete with them, but suggested 
that transportation may well become a bigger problem. This strengthens the 
suspicion that capacity may be scarce, as discussed in Section 4.2.1, and 
highlights the importance of adequate transport solutions.  

Another issue, brought up by Mats Andersson at Lidköpings Gjuteri, was the 
component suppliers’ ability to buy certain services. This company offers rough, 
as well as machined, castings and as Mr. Andersson pointed out, there exist few 
companies capable of machining truly large castings today, and none of them is to 
be found in Sweden. If the transport cost is an issue at the same time, component 
suppliers may find themselves in a situation were they may be able to produce the 
necessary components but are without suitable companies that can provide further 
processing of their products. This implies that the Swedish component suppliers’ 
ability to compete in the wind turbine market will not only depend on their own 
production capabilities, but also on finding suitable partners in their proximity.  

 
4.2.4 Sourcing Behavior 

Component suppliers in Europe are primarily located in the major wind turbine 
manufacturing countries, i.e. Denmark, Germany and Spain; 86  which implies 
location of the wind turbine production has played a role for the development of 
component production. Further, the joint declaration made by the Danish wind 
turbine manufacturers during an official meeting in China, clearly states that local 
component production is viewed as positive for wind turbine production (see 
Section 3.2.1). As wind turbines are large and heavy pieces of equipment and 
transport costs are a significant factor in international competition, this is perhaps 
not unexpected. 87 This is further exemplified by the fact that it has become a 
fairly common practice to manufacture towers locally.88 In e.g. Alberta, Canada, 
the growing demand for wind energy has opened the door to wind turbine tower 
manufacturing in the province and resulted in RNG Pro-Tech, situated 50 
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kilometers north of Calgary, securing contracts to build 30 steel wind turbine 
towers for Vestas and Nordex. Previously, Alberta wind energy producers had to 
import almost all the necessary equipment and the access to a local tower supplier 
is expected to eventually result in cost savings, according to Jason Edwothy of 
Vision Quest Windelectric, one of the buyers of the wind turbines with the locally 
produced towers.  RNG Pro-Tech’s Tony Giasson said that the company would 
make a strong effort to win contracts in the US. “[I]f we’re talking about the 
northern states, close to us, then freight becomes a factor. If you’re hauling these 
things up from Texas it’s expensive. So a few thousand dollars here and there, we 
can be competitive all of a sudden.” 89 

Today, when the transport of components is increasingly becoming an issue 
due to the increasing size, it is not difficult to understand that local component 
suppliers enjoy a competitive edge as they can avoid transport costs. This in turn 
would also be in the manufacturers’ interest since it will affect their costs. On the 
other hand, when the wind turbine industry emerged, transporting entire wind 
turbines was not as big an issue (see Section 3.2.2), which implies that other 
factors than transport cost could have played an important role and may to still be 
of importance. This section will study the factors that affect companies souring 
behavior as well as why these factors are of importance. 

We will start by looking at a product that is sensitive to transport cost, i.e. steel 
used in tower production. Peter Thor at Smidesbolaget Oxelösund, a company 
that is specialized on cutting steel, explained that the type of steel used for tower 
production, ordinary structural steel, is sensitive to transport costs because 
transport costs will make up a large share of the total price since the price of 
ordinary steel is relatively low. According to Mr. Thor, this is why ordinary steel, 
produced in Scandinavia, is primarily sold in Scandinavia. Both SSAB Oxelösund 
and Smidesbolaget Oxelösund believe that increased production of wind turbines 
in Sweden would be to their advantage.    

It should be noticed that EWP in Sweden, which has a considerable production 
of steel towers for wind turbines, mainly buys steel from other countries. Its main 
suppliers of steel are found in England, Germany, and Denmark. SSAB will be 
supplying EWP starting in 2003.90 Since EWP cut and process their own steel, 
Smidesbolaget is not selling to them today. Interviews with both EWP and SSAB 
Oxelösund showed that the main reason why SSAB has been uninterested in 
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supplying the wind turbine industry with steel has been the low price, which is 
due to intense competition among steel producers. This in turn indicates that the 
price of the products is of importance.  

Further, aside from importing their steel, EWP exports its towers to Germany, 
the Baltic States, Netherlands, Hungary, Austria, Belgium, and England. This 
indicates that it is not impossible to transport components of this size. It should be 
stressed that good access to sea transport is of great importance.91 It also shows 
that transport costs alone is not likely able to explain the limited Swedish 
participation in the wind turbine market. If Enercon’s acquisition of what today is 
EWP was due to a limited supply of facilities with necessary capacity, the 
situation may, however, become less clear. It could simply be that EWP’s 
production happens to be the closest facility, producing the demanded type of 
towers, for the markets mentioned above. This suggests that it should be of 
interest to determine what type of production capacity is scarce, and if such 
capacity is available in Sweden. This type of information should be able to assist 
Swedish suppliers in their businesses. 

So, what other factors than price and transport costs may favor local suppliers? 
Price and thus transport costs certainly affect the component suppliers’ ability to 
compete and are affected by the size and weight of the products, but other factors 
such as high quality, good service, secure and fast delivery, and the flexibility of 
the suppliers are believed to be of great importance as well. Most of the 
interviewed companies that are also selling components to the wind turbine 
industry stressed that these factors are perhaps even more important than price.  

Torgny Appelqvist at EWP explained that aside from avoiding transport costs, 
they search for component suppliers in their proximity, because it provides easier 
access and better control. Mats Andersson at Lidköpings Gjuteri, expressed a 
similar view and pointed out that if everything else is equal in terms of price, 
quality and delivery, there is a tendency to choose a supplier that is located 
relatively close by. He continued to explain that location is of certain importance, 
as physical visits are required when e.g. complications arise – and it takes more 
time to travel longer distances. NUTEK’s study of Swedish subcontractors in 
1999, also found that geographical closeness matters, especially for business 
relations that e.g. require intense contact between companies (due to e.g. R&D).92 
In the case of wind turbine components, the products are generally customized 
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and interviews revealed that most of the products required cooperation between 
buyer and supplier, in order to adapt the components to the final product or 
system. Several of the Swedish component producers also stated that they were 
involved in joint R&D projects, with various companies in the wind turbine 
industry. These types of business contacts will require language skills, knowledge 
of other countries’ (business) culture, legislation, and so on. A company’s 
familiarity with overseas business relations and export/import experiences with a 
particular country may thus also be of significance.  

As wind turbine manufacturers today have production in, and also source 
components from, various countries, among them Sweden, it is difficult to see 
that this should be a great barrier to trade. However, the lack of information 
regarding Swedish production capability will affect the manufacturers’ choice of 
suppliers. You are unlikely to buy what you do not know exist. It should be 
noticed that the world’s knowledge of the existence of wind turbine component 
production in Sweden is very limited.93 According to representatives of Suzlon, 
an Indian wind turbine manufacturer, the Wind Energy International Trade Fair in 
Hamburg resulted in a series of useful contacts, particularly with component 
producers.94 This implies it is important to actively market and inform various 
actors in the wind turbine industry of what Swedish suppliers can offer. Thus the 
creation of the Swedish Wind Technology Group (SWIND) in 2001, within the 
Swedish Trade Council, may prove an important step in increasing Sweden’s 
participation in the wind turbine market as its major aim is to initiate, coordinate 
and administrate joint marketing activities for the group on selected export 
markets.  

 
4.2.5 Export Behavior  

The export behavior of the Swedish companies is of great importance when 
discussing the wind turbine component production in Sweden, because the vast 
majority of the component suppliers’ customers are located abroad. Unfortunately, 
knowledge regarding small- and medium-sized companies export behavior, and 
subcontractors in general, is largely lacking.95 The scarce information available 
suggest that Swedish companies are generally domestically oriented and do not 
tend to be very active exporters.  
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A study of the export behavior of small Swedish firms, made in 1987 by 
Kaynak et al, concluded that the “small- and medium-sized Swedish regional 
exporters show behavioral and operational characteristics similar to those of their 
counterparts in North America.”96 Most were found to be passive of reactive 
exporters, i.e. started exporting after receiving an unsolicited order or in a 
response to environmental changes such as declining or saturated demand in the 
home market, and derive less than 20 percent of their sales from exports. One 
third of the Swedish companies in the study by Kaynak el al mentioned 
underutilization of production capacity as a reason for starting to export. The 
study also found that most tended to explore market opportunities in the countries 
closest to them. These findings made by Kaynak et al, may perhaps still be valid, 
but new studies will be necessary to determine whether they present an accurate 
and contemporary picture of Swedish companies. Later studies made by NUTEK, 
show that the Swedish market is very important for the country’s subcontractors 
of the automobile industry. It was determined that of the small- and medium-sized 
subcontractors’ sales, 90 and 80 percent, respectively, derived from sales within 
Sweden.97    

More studies of the Swedish companies’ export behavior as well as of the 
subcontractors are believed to be necessary, and may provide explanations for 
Sweden’s limited participation in the wind turbine market. Further, an 
understanding of the factors that affect the companies export behavior is essential 
in order to be able to provide effective assistance. Since most of the companies in 
this study were already exporting it is difficult to analyze the factors that may 
cause Swedish companies to hesitate to export. LMV was the only company that 
initially stated that it was reluctant to venture too far outside of the Swedish 
market on its own, although the company was, according to Micael Olsson, 
capable of basically producing an entire wind turbine. The two main reasons 
given for the reluctance to go outside of the Swedish market were the distance to 
the European market and the company’s small organization. The company was 
interested in the Danish market due to its proximity to Sweden and planned to 
visit various Danish companies during an organized tour in Denmark, arranged by 
the Swedish Wind Technology Group (SWIND). 98  Initially, LMV was not 
interested in Germany because it was considered as too far off, but “as the 
company realized its potential to market products there, it has been in touch with 
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a few companies in Germany.”99 It would have been interesting to know what 
caused the change in the company’s attitude towards exporting but as this 
information became available quite late; there was not enough time to pursue the 
issue. Further, in order to analyze the Swedish companies’ export behavior and 
factors that may affect their attitude towards exporting a greater number of 
companies needs to be studied. The limited information available suggests that 
companies’ export experience as well as export behavior may be important factors. 

Torgny Appelqvist at EWP, who has a long experience of business in both 
Sweden and abroad, highlighted the importance of a strong home market and 
stated that the most natural development would be to build a production based on 
a strong home market before exporting. The lack of a strong wind turbine industry 
in Sweden was thus believed to be a major reason for the country’s limited 
number of suppliers of wind turbine components. At the same time companies 
such as Damalini, which derives 88 percent of its turnover from exports, do in 
fact exist and have entered the wind turbine market. This suggest the export 
behavior of small- and medium-sized companies in Sweden, may be an important 
factor affecting the county’s export of wind turbine components.  

The creation of the Swedish Wind Technology Group (SWIND) may thus 
prove an important step in providing the necessary assistance and encouragement 
for Swedish companies and also increase the wind turbine industry’s awareness of 
what Swedish companies can offer. At this stage, it is too early to say much of the 
effectiveness of the services offered by SWIND, but it should be interesting to 
follow up in the future.  

 
4.2.6 Time of Market Entry 

The interviews showed that most companies entered or became more seriously 
interested in the wind turbine industry quite recently, between 1995 and 2000. 
One company that started focusing on this market over 10 years ago is Lidköpings 
Gjuteri. Today, 70 percent of the company’s sales arise from sales to the wind 
turbine industry and according to their own estimate; it has a 30 percent market 
share of the global wind turbine market. Mats Andersson at Lidköpings Gjuteri, 
added that the market share is difficult to calculate and should be used with 
caution. According to Mr. Andersson, many years of hard and consistent work lay 
behind Lidköpings Gjuteri’s success. This suggests that the time of the market 
entry may help explain the suppliers’ level of market penetration. However, with 
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only a few years of hindsight it is difficult to assess the Swedish component 
suppliers’ general success or failure to penetrate the wind turbine market. Further, 
according to an article about the Wind Energy International Trade Fair in 
Hamburg in 2002, many of the interviewed component suppliers at the fair said 
they had relatively recently entered wind power in their home markets and 
discovered that the pickings to be had from the global wind industry are 
potentially enormous for early entrants.100 This statement is encouraging and it 
also suggests the Swedish producers perhaps were not really late to enter the wind 
market, but it is necessary to study and compare component production in other 
countries with that in Sweden before this can be accurately determined.  

It is still of interest to understand why most Swedish companies did not enter 
the wind turbine market earlier, as some evidently did. Plausible explanations, 
indicated by the interviews with various Swedish component suppliers, are the 
high level of competition in combination with the perceived risk in this market. 
The market was, and still is, considered as relatively unattractive due to the high 
level of competition, which results in low prices. The wind turbine industry was 
until 4 to 5 years ago also viewed as a “green wave” movement, and was not 
really taken seriously, according to Stefan Karlsson at SKF. However, as demand 
in other markets declined, the wind turbine market became of greater interest and 
most of the companies recognized that there is no other industry in the world 
today that can compete with the growth seen in this particular market.  

Despite substantial growth, many of the interviews revealed that the market is 
considered to be politically sensitive and relatively unstable. According the BTM, 
the wind market has fluctuated considerably, from one year to another (see 
Section 3.1), as a result of the political sensitivity in some markets.101 Although 
the average growth in annually installed capacity, between 1996 and 2001, was 
close to 40 percent, the annual growth ranged from 15 to 66 percent. This is likely 
to make companies more cautious about investing time and money in order to 
produce wind turbine components or become overly dependent on the wind 
turbine market. Further, because wind turbine components are customized rather 
than standardized products, investments are likely to be higher.  

The instability and high level of competition may help explain the limited 
participation of Swedish companies in this market so far, but it may also affect 
their future prospects. The size of the wind turbines is increasing at the same time 
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as there are indications that Swedish suppliers are reaching their production limit, 
suggesting investments will be necessary in order to stay in the race. The question 
is if companies will make the necessary investments if the perceived risk is high. 
BTM’s forecasts show that the future demand will continue to fluctuate and the 
expected annual increase will range between 5 to 32 percent (see Figure 3.2 in 
Section 3.1).   

The following statement by Stefan Karlsson at SKF, may also shed more light 
on the Swedish suppliers’ time of entry. “As long as the wind turbine industry 
was more of a green wave movement it was considered as an interesting but 
residual market, but during the last 4 to 5 years it has truly become a new industry 
to keep an eye on.”102 Today, SKF takes the wind turbine market seriously and 
aims to increase their market share, as well as supply a wider range of products. 
Despite the unstable market and the expected future fluctuation in demand ABB 
also seems to believe in this industry, and is set on venturing into a new type of 
business, offering complete turnkey projects working in consortium with wind 
turbine manufacturers. Recent developments show that not only large Swedish 
companies are showing an increased interest in the wind turbine industry, but 
other large actors, e.g. General Electric and FKI, around the world are also 
entering this market.  

Interviews suggest larger actors are more interested, and ready, to increase 
their market share in the wind turbine market compared to smaller actors. A 
plausible explanation for this is that large multinational companies’ (at least in the 
case of e.g. ABB and SKF) sales to the wind turbine industry, relative to the total 
sales of the companies, is still limited. Both ABB’s and SKF’s annual sales to the 
wind turbine market are substantial, around € 100 million,103 but both are very 
large international companies with production sites throughout the world and their 
sales in the wind market make up for only a small share of total annual sales. Due 
to their sheer size, large companies are thus less exposed to the risk in the market. 
The unstable demand means a company’s sales will be prone to fluctuate as well, 
which is likely to be unacceptable if it makes up a large share of the company 
turnover.  

Further, if a large share of Swedish subcontractors tends to rely on domestic 
companies, rather than exporting themselves, as suggested in Section 4.2.5, the 
previously lukewarm interest of large companies with wind turbine component 
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production in Sweden may be an important factor that has limited the 
participation of the smaller Swedish component suppliers in the wind turbine 
market. 104  This in turn suggest that the large Swedish companies’ increased 
participation is likely to provide greater incentive for the country’s smaller 
component suppliers to enter this market. 

 

                                                     
104 NUTEK (R 2000:3) 



Appendix 1   Statistics & Estimates

1.1 Global Wind Power Capacity, 1996-2006

Year Installed MW Change (%) Cumulative MW

1996 1,292 6,070

1997 1,568 21 7,636

1998 2,597 66 10,153

1999 3,922 51 13,932

2000 4,495 15 18,449

2001 6,824 52 24,927

2002 * 6,868 1 31,128

( 2002 7,520 10 32,447 )

2003 9,905 32 41,033

2004 10,405 5 51,438

2005 12,175 17 63,613

2006 14,430 19 78,043

Total installed capacity 1996-2001 20,698
Total installed capacity 2002-2006 54,435

Average change 1996-2002 36.9
Average change 2002-2006 16.5

*   EWEA

Source: BTM Consultant ApS, March 2002, p. 3; Table 4-1, p. 20;
EWEA, "Record Growth for Global Wind Power in 2002"
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1.2 Total Installed W
ind Pow

er C
apacity, by C

ontinent, 2000-2001

C
ontinent

Europe
A

m
erica

A
sia

A
frica

O
ther

Total

2000
Installed M

W
3,893

180
330

73
0

4,495
   Share of total (%

)
87

4
7

2
0

100

2001
Installed M

W
4,527

1,745
511

0
1

6,824
   Share of total (%

)
66

26
7

0
0

100

A
ccum

ulated M
W

17,812
4,593
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111

38
24,927

   Share of total (%
)

71
18

9
0

0
100

Source: B
TM
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onsultant A

pS, M
arch 2002, p. 3
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Average 
Country 1999 2000 2001 2002* Change Accumulated MW*

World Total 3,922 4,495 6,824 6,868 31,128
   Annual change (%) 15 52 1 22

1 Germany 1,568 1,665 2,627 3,247 12,001
   Annual change (%) 6 58 24 29

2 Spain 932 1,024 1,050 1,493 4,830
   Annual change (%) 10 3 42 18

3 USA 477 165 1,635 410 4,685
   Annual change (%) -65 891 -75 250

4 Denmark 325 603 115 497 2,880
   Annual change (%) 86 -81 332 112

5 India 43 169 236 195 1,702
   Annual change (%) 293 40 -17 105

6 Italy 80 147 276 103 785
   Annual change (%) 84 88 -63 36

7 UK 24 63 107 87 552
   Annual change (%) 163 70 -19 71

8 China 43 13 75 68 468
   Annual change (%) -70 477 -9 133

9 Greece 103 116 84 4 276
   Annual change (%) 13 -28 -95 -37

10 Japan 38 74 217 140 415
   Annual change (%) 95 193 -35 84

Total 3,633 4,039 6,422 6,244 28,594
   Annual change (%) 11 59 -3 22

   Share of world total (%) 93 90 94 91 92

* Source: EWEA

1.3 Total Installed Capacity (MW), by Country and Year, 1999-
2002

Note: Percentages were calculated using statistics presented by BTM Consult Aps and EWEA.

Source: BTM Consultant ApS, March 2002, p. 3, 10; EWEA, "Record Growth for Global Wind Power in
2002"
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1.4  The W
orld Top-10 List of W

ind Turbine M
anufacturers, 1999-2001
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pany
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1999

Share of Total (%
)

2000
Share of Total (%

)
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Share of Total (%
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Year Installed Capacity (MW) Change (%) Total Installed Capacity in Use (MW)*

1996 n.a 102

1997 20 122

1998 49 140 174

1999 41 -16 215

2000 31 -26 241

2001 38 24 301

2002 ** 35 -8 328

Total 215
Average 36 23

2002 100 162

2003 200 100

2004 200 0

2005 400 100

2006 500 25

Total 1,400
Average 280 77

*

** EWEA

Source: Elforsk, "Driftuppföljning av Vindkraftverk" (1997-2001)
EWEA, "Record Growth for Wind Power in 2002"; 
BTM Consult, 2002, Table 4-1d. P. 21

Figures of total capacity in Sweden between 1996 and 2001, includes statistics for Åland. Total
capacity in Sweden excluding Åland was 295 MW in 2001. (Elforsk)
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1.6 Wind Power Capacity in Sweden, 1996-2001
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Wind Turbine Accumulated Accumulated
Manufacturer Capacity (kW) Installed Quantity Installed Capacity (kW)

Vestas 55 2 110
99 3 297

100 2 200
200 3 600
225 88 19,800
400 1 400
500 23 11,500
600 56 33,600
660 77 50,820
850 12 10,200

1,500 9 13,500
1,750 1 1,750
2,000 1 2,000

Total 278 144,777

Wind World* 99 1 99
150 51 7,650
220 1 220
250 13 3,250
490 17 8,330
500 26 13,000
600 43 25,800
750 1 750

Total 153 59,099

Enercon 230 1 230
500 31 15,500
600 27 16,200

1,500 1 1,500
Total 60 33,430

NEG Micon 250 2 500
600 3 1,800
660 2 1,320
750 14 10,500
900 13 11,700

Total 34 25,820

Bonus 150 1 150
450 2 900
600 22 13,200

Total 25 14,250

1.7A: Total Number of Wind Turbines Installed in Sweden, by
Manufacturer and Wind Turbine Capacity, by the End of 2001
(based on installations between 1997 and 2001)
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Wind Turbine Accumulated Accumulated
Manufacturer Capacity (kW) Installed Quantity Installed Capacity (kW)

Enron Wind 1,425 7 9,975
Total 7 9,975

Nordic Windpower 400 1 400
1,000 4 4,000

Total 5 4,400

Kvaerner 3,000 1 3,000
Total 1 3,000

Danwin 180 3 540
200 1 200

Total 4 740

Nordex 600 1 600
Total 1 600

Vindsyssel 150 2 300
Total 2 300

Zephyr 250 1 250
Total 1 250

Wincon 99 1 99
Total 1 99

Tellus 95 1 95
Total 1 95

New Wind 55 1 55
Total 1 55

Total in Sweden 574 296,890

Note:
The reporter number of wind power turbines in use was 568. 

Source: Elforsk, 1997 - 2001

During 2001, the number of reported wind turbines in use increased by 44 while 3 were
decommissioned.

The 12 turbines in Åland with a total effect of 6,3 MW were not included in the statistics as of 2001.

* Wind World A/S was incorporated in NEG Micon A/S in 1998, according to the German Wind
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Wind Turbine Capacity Installed Capacity Installed Quantity Share of Total (%) Cumulative (%)

225 675 3 8 8
250 750 3 8 15
500 4,000 8 21 36
600 15,000 25 64 100

Total 20,425 39 100

Median size 600 kW
Average size 524 kW

Wind Turbine Capacity Installed Capacity Installed Quantity Share of Total (%) Cumulative (%)

225 225 1 1 1
230 230 1 1 2
500 7,000 14 17 19
600 28,800 48 58 77
660 10,560 16 19 96
750 2,250 3 4 100

Total 49,065 83 100

Median size 600 kW
Average size 591 kW

Wind Turbine Capacity Installed Capacity Installed Quantity Share of Total (%) Cumulative (%)

150 150 1 2 2
225 450 2 3 5
500 500 1 2 7
600 9,600 16 28 34
660 17,160 26 45 79
750 4,500 6 10 90
1,500 9,000 6 10 100

Total 41,360 58 100

Median size 660 kW
Average size 713 kW

1.7B: Number of Turbines Annually Installed in Sweden, by
Wind Turbine Capacity, 1997-2001

1997

1998

1999
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Wind Turbine Capacity Installed Capacity Installed Quantity Share of Total (%) Cumulative (%)

600 4,800 8 19 19
660 17,160 26 62 81
750 1,500 2 5 86
850 850 1 2 88
1,000 2,000 2 5 93
1,500 4,500 3 7 100

Total 30,810 42 100

Median size 660 kW
Average size 734 kW

Wind Turbine Capacity Installed Capacity Installed Quantity Share of Total (%) Cumulative (%)

600 5,400 9 20 20
660 4,620 7 16 36
750 750 1 2 39
850 9,350 11 25 64
900 9,000 10 23 86
1,000 1,000 1 2 89
1,500 6,000 4 9 98
2,000 2,000 1 2 100

Total 38,120 44 100

Median size 850 kW
Average size 866 kW

Source: Elforsk, 1997 - 2001

2001

2000
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Manufacturer 2001 Market Shares in % 2001 Market Shares in %

Vestas 278 48 144,777 49
Wind World* 153 27 59,099 20
Enercon 60 10 33,430 11
NEG Micon 34 6 25,820 9
Bonus 25 4 14,250 5
Enron Wind 7 1 9,975 3
Kvaerner 5 1 3,000 1
Nordex 4 1 600 0
Vindsyssel 2 0 300 0
Nordic Windpower 1 0 4,400 1
Danwin 1 0 740 0
Zephyr 1 0 250 0
Wincon 1 0 99 0
Tellus 1 0 95 0
New Wind 1 0 55 0
Total 574 296,890 100

* Wind World A/S is now incorporated in NEG Micon A/S.

Note:

Based on appendix 1.7 A

Together these three made up for 1.2 percent of the accumulated amount of turbines, in use, by the end of
2001.

Together these three made up for 2.58 percent of the accumulated capacity in use by the end of 2001.

1.8 B: Manufacturer's Market Shares in Sweden, by Quantity and
Capacity, by the End of 2001 (based on installations between
1997 and 2001)

Companies with production of wind turbines in Sweden: Kvaerner, Nordic Windpower and Zephyr
(According to Johnsson 1999, Paper II, p. 10).

Accumulated Capacity in Use (kW)Accumulated No. of Installations
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Appendix 2  List of Interviews 
 
 
Andersson, Mats, Lidköpings Gjuteri AB, Box 2215, 531 02 
Managing Director  Lidköping, Sweden 

Tel. +46 510 48 40 60 
Mobile: +46 70 593 84 98 
E-mail: mats@windcast.se 
Homepage: http://www.lidkopings-gjuteri.se/foretag.htm  
December 17, 2002 

Appelqvist, Torgny Enercon Windtower Production AB (EWP), Box 393, 201 23 
Malmö, Sweden 
Tel: +46 40 10 76 03 
E-mailt: torgny.appelkvist@enercon.nu  
Homepage: http://www.enercon.nu 
December 19, 2002 

Cederholm, Lars ESAB Sverige AB, Box 8004, 402 77 Göteborg, Sweden 
Tel. +46 31 50 94 52 
E-mail: lars.cederholm@esab.se 
Homepage: http://www.esab.se  
December 18, 2002 

Edenhammar, Anders Damalini AB, Åbäcksgatan 6B, 431 67 Mölndal, Sales manager 
 Sweden 

Tel. +46 31 18 87 70 
E-mail: anders@damalini.se  
Homepage: http://www.damalini.se  
December 10, 2002 

Eriksson, Kjell Calesco Foil AB, Västeråsvägen 9, S-730 40 KOLBÄCK, 
Sweden 
Tel: +46 220 45 330 
Mobile: +46 708 52 22 57 
Fax: 0220-453 50 
E-mail: Kjell.Eriksson@calesco.se  
Homepage: http://www.calesco.se  
December 17, 2002 

Finnås, Anders Avesta Polarit, Hot Rolled Plate, 691 81 Degerfors, Sweden 
Tel. +46 586 47 1 31 
E-mail: anders.finnas@avestapolarit.com  
Homepage: http://www.avestapolarit.com  
December 10, 2002 

 
Harnesk, Krister Scana Steel Björneborg AB, Kristinehamnsvägen 2, 680 71 

Björneborg, Sweden 
Tel.: +46 550 25 115  
E-mail: krister.harnesk@scana.no  
Homepage: http://www.scana.no  
December 18, 2002  



 72 

Hellström, Rolf A ABB Utilities AB, Wind Power Systems, 721 83 Västerås, 
Manager  Sweden 

Tel. +46 21 32 03 90 
E-mail: rolf.a.hellstrom@se.abb.com  
Homepage: http://www.abb.com  
December 10, 2002 

Karlsson, Stefan, Manager Wind Energy Growth Team, SKF Industrial Division 
SKF Sverige AB, 415 50 Göteborg, Sweden 
Tel: : +46-31 337 2835   
Mobile: +46 705 37 28 35 
E-mail: stefan.karlsson@skf.com  
Homepage: http://www.skf.se   
December 18, 2002 

Nyström, Jan-Olof Swedish Wind Energy Technology Group (SWIND), 
Swedish Trade Council - Exportrådet, 
c/o Exportrådet/Swedish Trade Council, Box 5513, SE-114 85 
Stockholm, Sweden 
Tel. +46  
E-mail: Jan-Olof.Nystrom@swedishtrade.se  
Homepage: http://www.sed.swedishtrade.se/swind/  
December 3, 2002 

Odenman, Magnus SSAB Oxelösund AB, 613 80 Oxelösund, Sweden 
Tel: +46 155 25 56 80 
E-mail: magnus.odenman@ssabox.com 
Homepage: http://www.ssabox.com 
December 17, 2002 

Olsson, Micael Lidköpings Mekaniska Verkstads AB, Box 704, 531 17 
Lidköping, Sweden 
Tel: +46 510 883 89  
E-mail: micael.olsson@lidkoping.com 
Homepage: http://www.lidkoping.com/LMV/LMV.asp  
December 19, 2002 

Thor, Peter Smidesbolaget Oxelösund, Box 14, 613 21 Oxelösund, 
Managing Director  Sweden 

Tel: +46 155-20 59 92 
Mobile: +46 70-416 79 65 
E-mail: ThP@PROPLATE.SE , peter.thor@smidesbolaget.se 
Homepage: http://www.smidesbolaget.se  
December 18 2002 

Sidén, Göran Halmstad University 
School of Business and Engineering (Sektionen för Ekonomi och 
Teknik – SET) 
Box 823, 301 18 Halmstad, Sweden 
Tel: +46 35-167119 
Mobile: +46 70 746 3512 
E-mail: Goran.Siden@set.hh.se  
Homepage: http://www.hh.se/staff/gs 
January 5, 2003 



Company Additional Information

Clicoverken
Benzlers Produces gear boxes for turbines.
Bomarin
Delmia
Dellner Brakes Produces disc brakes for turbines.
Diab
Gjuteribolaget
Hexagon
Jemtab
Jergo
Junoverken Produces towers for Nordic Windpower
Marks mekaniska verkstad
Metso Paper Karlstad A foundry, producing hubs for turbines.
Oiltech
Ovako Couplings
PTC Sweden
Quest Gothenburg Develops and produces of control systems for turbines.
Roundo
Roxtec International
Rydahls
Sandvik
Setrab
SMT Machine
Sonnys maskiner Develops and produces small turbines (22 and 37 kW).
Sydkraft
Teasaki Skandinaviska
Waplans Mekansiska Verkstad

Sources: Göran Sidén, Halmstad University; Jan-Olof Nyström, SWIND; Benzlers's
homepage: http://www.textronpt.com/iserved/pchem.htm

Appendix 3 List of Wind Turbine Component

Suppliers in Sweden

73



SKF W
ind

Energy
G

rowth
Team

A
ppendix 4 SK

F M
anufacturing Sites

for W
ind P

ow
er IndustryW

indC
on

C
ondition M

onitoring

Shaft C
oupling system

s

Spherical roller bearings

C
A

R
B -bearings

N
o-W

ear
coated bearings

T
M

T
M

R
adial shaft seals

H
ousings



 75 

Bibliography 
 

(For information regarding interviews, please see Appendix 2.)  

American Wind Energy Association (AWEA), Wind Energy – How Does It Work? 
http://www.awea.org/pubs/sfactsheets/HowWindWorks02.pdf  (Date of retrieval: Oct. 2002) 

Bailey, Diane, Oct. 2002, Canadian firm builds German turbines, Windpower Monthly, p. 
31 

Bergström et al, 2001, ScanWind – Analys av etableringsmöjligheter i 
vindkraftbranschen, Department of Industrial Dynamics, Chalmers University of 
Technology, Göteborg, Sweden 

BTM Consult ApS, 2002, World Market Update 2001, BTM Consult ApS, Denmark  

Børsen, R-B , Okt. 11, 2002, Vestas køper norsk leverandør, Jyllandsposten 

Danish Wind Industry Association, Danish Wind Power 2001 
http://www.windpower.dk/news/stat2001.htm (Date of retrieval: Feb., 2003) 

Danish Wind Industry Association, Employment in the Wind Industry 
http://www.windpower.dk/tour/econ/empl.htm (Retrieved Feb., 2003) 

Danish Wind Industry Association, Wind Energy News Archives 1998 
http://www.windpower.dk/news/archive2.htm (Retrieved: Feb. 2003) 

Danish Wind Industry Association, 2000, Wind Turbine Components 
http://www.windpower.org/tour/wtrb/comp/index.htm (Date of retrieval: Oct. 2002) 

Elforsk, Various editions of annual reports of wind power in Sweden (1997-2001), 
Driftrapport av vindkraftverk – Årsrapport (varierande årtal) 1997-2001 
http://www.elforsk.se (Date of retrieval: Oct. 2002) 

Engström, Staffan, 2002, Vindkraften börjar bli en stor elproducent 
http://www.sh.slu.se/energy/Utbildningsmaterial/Engstrom/smr2.pdf (Date of retrieval: Oct. 
2002) 

Enron Press Release 1997, http://www.enron.com/corp/pressroom/releases/1997/138tacke.html 
(Retrieved Feb. 2003) 

Enron, “Investor Q&A”, http://www.enronwind.com/faq.html (Retrieved: Feb. 2003) 

European Commission, Directorate-General for Energy, 1997, Wind Energy – The Facts, 
Volume3 Industry and Employment, European Wind Energy Association (EWEA), 
http://www.ewea.org/doc/ewea.pdf (Retrieved Feb. 2003) 

European Wind Energy Association (EWEA), Record Growth for Global Wind Power in 
2002, http://www.ewea.org (Date of retrieval:  Mar. 2003) 

German Wind Energy Association, Neue Energie, September 1998, http://www.wind-
energie.de/zeitschrift/zeitschrift.htm (Retrieved Mar. 2003) 



 76 

Grabher, G., 1993, The Embedded Firm – On the socioeconomics of industrial networks, 
Routledge, London and New York 

Gustavsen, B., and Hofmaier, B., 1997, Nätverk som utvecklingsstrategi, SNS Förlag, 
Stockholm 

Hagedoorn, J., 1995, Strategic technology partnering during the 1980s: trends. Networks 
and corporate patterns in non-core technologies, Research Policy 24, pp. 207-231, 
Elsevier Science B.V., http://www.sciencedirect.com (Date of retrieval: Oct. 2002) 

Harrison, Lyn, Jul. 2002, Getting Ready for Major Investment, Windpower Monthly, pp. 
40-42 

Havenes, P., Senneseth, K., 2001, A Panel Study of Firm Growth among SMEs in 
Networks, Small Business Economics 16, pp.  293-302, Kluwer Academic Publishers, 
Netherlands, http://ipsapp002.lwwonline.com/content/search/5153/32/6/fulltext.pdf  (Date of 
retrieval: Oct. 2002) 

Head, K., Ries, J., and Spencer, B., 2002, Vertical Networks and U.S. Auto Parts Exports: 
Is Japan Different?, NBER Working Paper No. 91262, http://www.nber.org/papers/w9162 
(Date of retrieval: Oct. 2002) 

International Energy Association (IEA), Wind Energy Annual Report 1998 - 2000, (Date 
of retrieval:  Feb. 2003) 

1998: http://www.iea.org/impagr/imporg/ann_reps/wind00/wind.htm  

1999: http://vindenergi.foi.se/IEA_Annex_XI/IEA_1999.pdf 

2000: http://www.iea.org/impagr/imporg/ann_reps/wind98/sweden.pdf  
Jackson, Jack, June 2002, Rising to a New Challenge, Windpower Monthly, pp. 56-59 

Johnson, Anna, 1999, Renewable Energy Technology: A New Swedish Growth Industry?, 
Department of Industrial Dynamics, Chalmers University of Technology, Göteborg, 
Sweden 

Jönköping’s Länsteknikcentrum, 1991, Underleverantörssituationen i Sverige – Struktur 
och förändring, Länsteknikcentrum, Jönköping, Sweden  

Kranton., R., and Minehart., D., 1999, Vertical Integration, Networks, and Markets, 
Cowles Foundation Discussion Papers 1231, Cowles Foundation, Yale University, 
http://cowles.econ.yale.edu/P/cd/d12a/d1231.pdf (Date of retrieval: Oct. 2002) 

Krohn, Soren, 1998, Creating a Local Wind Industry – Experience from Four Countries, 
Danish Wind Industry Association, http://www.windpower.org/publ/soren.pdf (Date of 
retrieval: Nov. 2002) 

Krohn, Soren, 1998, The Great California Wind Rush, Danish Wind Industry Association, 
http://www.windpower.dk/pictures/windrush.htm (Date of retrieval: Feb. 2002) 

Krohn, Soren, 1998, Employment in the Wind Industry, Danish Wind Industry Association, 
http://www.windpower.dk/tour/econ/empl.htm  (Retrieved Feb. 2003) 



 77 

Krohn, Soren, 2002, Danish Wind Turbines: An Industrial Success Story, Danish Wind 
Industry Association, http://www.windpwer.org/articles/success.htm  (Date of retrieval: Nov. 
2002) 

Kvarkenvind: http://www.kvarkenvinden.com (Retrieved Mar. 2003) 

Lehrer, John, 2002, Winds of Change, May/June issue of Westway, Automobile Club of 
Southern California, http://www.aaa-calif.com/westways/0502/winds-1.asp (Date of retrieval: 
Feb. 2002) 

Lidköpings Machine Tools AB, http://www.lidkoping.com/index.asp (Date of retrieval: 
Feb. 2002); http://www.lidkoping.com/company/company.asp (Date of retrieval: Feb. 2002) 

Lundin, Kim, Dec. 16, 2002, SKF vinnare på vindkraft, Dagens Industri, 
http://di.se/NoFlash.asp?ArtID=2002\12\16\66897 (Date of retrieval: Oct. 2002) 

Massy, Janice, Jul.2002, Another Major Force Joins Wind Business, Windpower Monthly, 
pp. 20-21 

Medvind, 1/2002, SKF blåser på och rullar vidare, nu med vindkraftslager, p. 3 

Morthorst, Poul, E.,  Wind Power: Status and Development Possibilities, 
http://www.ebd.lth.se/avd%20ebd/main/Summerschool/Lectures/lect-n-morthorst.pdf (Date of 
retrieval: Feb. 2002) 

Nordex’s homepage: http://www.nordex-online.com/  

Närings- och teknikutvecklingsverket (NUTEK), 1999, Åtgärder för utveckling av 
underleverantörsindustrin (R1999:29), NUTEK, Stockholm, Sweden 

Närings- och teknikutvecklingsverket (NUTEK), 2000, Underlevernatörernas framtid (R 
2000:3), NUTEK, Stockholm, Sweden 

Rosenfeld, S., 1996, Does cooperation enhance competitiveness? Assessing the impacts of 
inter-firm collaboration, Research Policy 25, pp. 247-263, Elsevier Science B.V., 
http://www.sciencedirect.com (Date of retrieval: Oct. 2002) 

Scana Annual Report 2001, http://reports.huginonline.com/855164/101908.pdf (Retrieved: Jan. 
2002) 

Sven Wettergrund, Oct. 2, 2002, Svenska Unipower botar dansk vindkratf, Dagens 
Industri, http://di.se/NoFlash.asp?ArtID=2002\12\16\66897 (Date of retrieval: Oct. 2002) 

SKF Press Release, Mar. 3, 2003, SKF gains major condition monitoring order from 
Enertrag Energiediest GmbH, (provided by Stefan Karlsson, SKF Industrial Division, 
Apr. 30, 2003) 

U.S. Department of Energy: http://eere.energy.gov  

U.S. Department of Energy, “Wind Energy Program – How Does a Wind Turbine Work?”  
http://www.eere.energy.gov/wind/feature.html (Date of retrieval: Mar. 2003) 

Windpower Monthly, Oct. 2001, More Local Industry, p. 14 

Åstrand, Kerstin, and Neij, Lena, 2003, Styrmedel för vindkraft i Sverige, Lund Institute 
of Technology at Lund University, Department of Environmental and Energy Systems 
Studies, Draft 



 
 

Reports from the Department of Environmental 
and Energy Systems Studies 

 
 

Lars Nilsson, Eric D. Larson, A System-Oriented Assessment of Electricity Use and 
Efficiency in Pumping and Air-Handling, IMES/EESS Report No. 1, Department of 
Environmental and Energy Systems Studies, Lund University, Sweden, September 1990.  
 
Tomas Ekwall, Energy Demand for Residential Air Conditioning in Developing 
Countries, IMES/EESS Report No. 2, Department of Environmental and Energy Systems 
Studies, Lund University, Sweden, February 1991.  
 
Tomas Ekwall, Elektrotermiska processer i svensk industri, IMES/EESS Report No. 3, 
Department of Environmental and Energy Systems Studies, Lund University, Sweden, 
April 1991.  
 
Per Svenningsson, Omvandling av energi - hur stort är primärenergibehovet för att 
leverera energi till slutlig användning?, IMES/EESS Report No. 4, Department of 
Environmental and Energy Systems Studies, Lund University, Sweden, September 1991. 
ISSN 1102-3651  
ISRN LUTFD2/TFEM--91/3001--SE + (1-121) 
ISBN 91-88360-01-6 
 
Johan Callin, Björn Svennesson, Eric White, Energy and industrialization, The choise of 
technology in the paper and pulp industry in Tanzania, Master Thesis, IMES/EESS Report 
No. 5, Department of Environmental and Energy Systems Studies, Lund University, 
Sweden, February 1991. 
 
Mattias Lundberg, Samproduktion av el och värme med gasturbiner och gasmotorer, En 
analys av hur mycket el som kan produceras med kraftvärmeteknik som har högt el till 
värmeförhållande, IMES/EESS Report No. 6, Department of Environmental and Energy 
Systems Studies, Lund University, Sweden, September 1991. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--91/3002--SE + (1-140) 
ISBN 91-88360-00-8 
 
Brita Olerup, Att genomföra förändringar - En effektivare energi-användning, 
IMES/EESS Report No. 7, Department of Environmental and Energy Systems Studies, 
Lund University, Sweden, May 1991. 
 



 
 

Anders Mårtensson, Energy Efficiency Improvement by Measurement and Control. A 
case study of reheating furnaces in the steel industry, IMES/EESS Report No. 8, 
Department of Environmental and Energy Systems Studies, Lund University, Sweden, 
March 1992. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--92/3003--SE + (1-48) 
ISBN 91-88360-02-4 
 
Deborah Wilson, Evaluating Alternatives: Aspects of an Integrated Approach Using 
Ethanol in Thailand's Transportation Sector, IMES/EESS Report No. 9, Department of 
Environmental and Energy Systems Studies, Lund University, Sweden, May 1993. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--93/3004--SE + (1-42) 
ISBN 91-88360-04-0 
 
P. Schlyter, G. Bengtsson, Bedömning av kronutglesning hos gran och tall i fält och i 
storskaliga flygbilder, IMES/EESS Report No. 10, Department of Environmental and 
Energy Systems Studies, Lund University, Sweden, May 1993. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--93/3005--SE + (1-33) 
ISBN 91-88360-06-7 
 
Anders Mårtensson, Supply Quality Control at Large Scale Integration of Renewable 
Energy Sources of Electricity in the Swedish National Grid, IMES/EESS Report No. 11, 
Department of Environmental and Energy Systems Studies, Lund University, Sweden, 
May 1993. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--93/3006--SE + (1-29) 
ISBN 91-88360-08-3 
 
Anders Mårtensson, Evaluating Energy Efficiency Improvements - A Case Study on 
Information Technology for Steel Heating Furnaces, IMES/EESS Report No. 12, 
Department of Environmental and Energy Systems Studies, Lund University, Sweden, 
July 1993. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--93/3007--SE + (1-41) 
ISBN 91-88360-09-1 
 
Lars Lundahl, The Wind Water Tunnel at IMES- A Facility for Empirical Studies of 
Aerosol Deposition, IMES/EESS Report No. 13, Department of Environmental and 
Energy Systems Studies, Lund University, Sweden, March 1994. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--94/3008--SE + (1-36) 
ISBN 91-88360-11-3 
 



 
 

Joel Swisher, Dynamics of Electric Energy Efficiency in Swedish Residential Buildings, 
IMES/EESS Report No. 14, Department of Environmental and Energy Systems Studies, 
Lund University, Sweden, March 1994. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--94/3009--SE + (1-25) 
ISBN 91-88360-18-0 
 
Joel Swisher, Lena Christiansson, Dynamics of Energy Efficiency in Lighting and Other 
Commercial Uses in Sweden, IMES/EESS Report No. 15, Department of Environmental 
and Energy Systems Studies, Lund University, Sweden, April 1994. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--94/3010--SE + (1-33) 
ISBN 91-88360-15-6 
 
Richard Weston, Aerosol Deposition: Process Modelling Experiments, IMES/EESS 
Report No. 16, Department of Environmental and Energy Systems Studies, Lund 
University, Sweden, April 1994. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--94/3011--SE + (1-50) 
ISBN 91-88360-14-8 
 
Pål Börjesson, Energianalyser av biobränsleproduktion i svenskt jord- och skogsbruk - 
idag och kring 2015, IMES/EESS Report No. 17, Department of Environmental and 
Energy Systems Studies, Lund University, Sweden, July 1994. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--94/3012--SE + (1-63) 
ISBN 91-88360-20-2 
 
Annika Carlsson, Developing a Methodology to Assess Environmental Effects of 
Consumption Patterns - A Case Study, IMES/EESS Report No. 18, Department of 
Environmental and Energy Systems Studies, Lund University, Sweden, December 1994. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--94/3013--SE + (1-61) 
ISBN 91-88360-19-9 
 
Annika Carlsson, Swedish Food Consumption and the Environment - a Trend Analysis 
During the Period of Consumerism, IMES/EESS Report No. 19, Department of 
Environmental and Energy Systems Studies, Lund University, Sweden, June 1995. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--95/3014--SE + (1-40) 
ISBN 91-88360-21-0 
 
Britt-Marie Johnsson, Axis och miljö - en nulägesrapport, IMES/EESS Report No. 20, 
Department of Environmental and Energy Systems Studies, Lund University, Sweden, 
April 1996. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--96/3015--SE + (1-62) 
ISBN 91-88360-26-1 



 
 

Lena Christiansson, Dynamics of Electricity Efficiency in Commercial Air-Distribution 
Systems in Sweden, IMES/EESS Report No. 21, Department of Environmental and 
Energy Systems Studies, Lund University, Sweden, April 1996. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--96/3016--SE + (1-24) 
ISBN 91-88360-28-8 
 
Mindaugas Raulinaitis, Biomass for Heat and Electricity: a Sustainable Resource in the 
Lithuanian Energy System, IMES/EESS Report No. 22, Department of Environmental 
and Energy Systems Studies, Lund University, Sweden, August 1996. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--96/3017--SE + (1-48) 
ISBN 91-88360-29-6 
 
Jürgen Salay, Electricity Production and SO2 Emissions in Poland's Power Industry, 
IMES/EESS Report No. 23, Department of Environmental and Energy Systems Studies, 
Lund University, Sweden, September 1996. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--96/3018--SE + (1-38) 
ISBN 91-88360-31-8 
 
Annika Carlsson, Greenhouse Gas Emissions in the Life-Cycle of Carrots and Tomatoes, 
IMES/EESS Report No. 24, Department of Environmental and Energy Systems Studies, 
Lund University, Sweden, June 1995. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--97/3019--SE + (1-74) 
ISBN91-88360-35-0 
 
Sophia Chong, Institutions in an Era of Global Warming on Institutional Dynamics in the 
European Union, IMES/EESS Report No. 25, Department of Environmental and Energy 
Systems Studies, Lund University, Sweden, December 1997. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--98/3020--SE + (1-22) 
ISBN91-88360-38-5 
 
Johannes Stripple, The Image of Climate Change: On Organisational Cognition and 
Responses, IMES/EESS Report No. 26, Department of Environmental and Energy 
Systems Studies, Lund University, Sweden, January 1999.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--98/3021--SE + (1-24) 
ISBN91-88360-39-3 
 



 
 

Jessica Johansson and Ingrid Wigstrand, Källsortering för ökad återvinning hos Skanska 
Prefab, (Increased recovery through source separation at Skanska Prefab), IMES/EESS 
Report No. 27, Department of Environmental and Energy Systems Studies, Lund 
University, Sweden, June 1998.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--98/3022--SE + (1-168) 
ISBN91-88360-41-5 
 
Joakim Nordqvist, Rural Residential District Heating in North China, IMES/EESS Report 
No. 28, Department of Technology and Society, Envrionmental and Energy Systems 
Studies, Lund University, Sweden, June 2000.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--00/3023--SE + (1-75) 
ISBN91-88360-45-8 
 
Jannice Hansson, Miljöledningssystem i Skanska Väg, Region Syd, IMES/EESS Report 
No. 29, Department of Technology and Society, Environmental and Energy Systems 
Studies, Lund University, Sweden, June 2000.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--00/3024--SE + (1-xx) 
ISBN91-88360-46-6 
 
Peter Helby, Voluntary agreements, implementation and efficiency. European relevance 
of case study results. Reflections on transferability to voluntary agreement schemes at the 
European level. IMES/EESS Report No. 30, Department of Technology and Society, 
Environmental and Energy Systems Studies, Lund University, Sweden, December 2000.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--00/3025--SE + (1-64) 
ISBN91-88360-47-4 
 
Jonas Kågström, Kerstin Åstrand and Peter Helby, Voluntary agreements, implementation 
and efficiency. Swedish country study report. Covering the EKO-Energi programme. 
With case studies in pulp and paper and heavy vehicle manufacturing. IMES/EESS Report 
No. 31, Department of Technology and Society, Environmental and Energy Systems 
Studies, Lund University, Sweden, December 2000.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--00/3026--SE + (1-105) 
ISBN91-88360-48-2 
 
Peter Helby, Renewable energy projects in Sweden: An overview of subsidies, taxation, 
ownership and finance. IMES/EESS Report No. 32, Department of Technology and 
Society, Environmental and Energy Systems Studies, Lund University, Sweden, 
December 2000.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--00/3027--SE + (1-36) 
ISBN91-88360-49-0 
 



 
 

Peter Helby, Renewable energy projects in Denmark: An overview of subsidies, taxation, 
ownership and finance. IMES/EESS Report No. 33, Department of Technology and 
Society, Environmental and Energy Systems Studies, Lund University, Sweden, 
December 2000.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--00/3028--SE + (1-52) 
ISBN91-88360-50-4 
 
Pål Börjesson, Framtida tillförsel och avsättning av biobränslen i Sverige - Regionala 
analyser. IMES/EESS Report No. 34, Department of Technology and Society, 
Environmental and Energy Systems Studies, Lund University, Sweden, June 2001.  
ISSN 1102-3651 
ISRN LUTFD2/TFEM--01/3029--SE + (1-49) 
ISBN91-88360-51-2 
 
Bengt Johansson, Pål Börjesson, Karin Ericsson, Lars J Nilsson and Per Svenningsson, 
The Use of Biomass for Energy in Sweden – Critical Factors and Lessons Learned. 
IMES/EESS Report No. 35, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, August 2002. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--02/3030--SE + (1-46) 
ISBN 91-88360-53-9 
 
Birgitta Henecke and Jamil Khan, Medborgardeltagande i den fysiska planeringen – en 
demokratiteoretisk analys av lagstiftning, retorik och praktik. 
IMES/EESS Report No. 36, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, November 2002.  
ISSN 1102-3651 
ISSN 1404-6741 
ISRN LUTFD2/TFEM--02/3031--SE + (1-44) 
ISBN 91-7267-134-3 
 
Pål Börjesson, Göran Berndes, Fredrik Fredriksson and Tomas Kåberger, 
Multifunktionella bioenergiodlingar. 
IMES/EESS Report No. 37, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, November 2002. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--02/3032--SE + (1-112) 
ISBN 91-88360-54-7 
 
Pål Börjesson, Anders Christian Hansen, Peter Helby, Anders Roos, Håkan Rosenqvist 
and Linn Takeuchi, Market development for sustainable bioenergy systems in Sweden. 
(The BIOMARK project). 
IMES/EESS Report No. 38, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, January 2003. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--03/3033--SE + (1-?) 
ISBN 91-88360-55-5 



 
 

Nilla Emanuelsson, Lotta Strömberg, Förslag på energisystemlösningar för bostäder 
tillhörande Högestads och Christinehofs Fideikommiss AB. 
IMES/EESS Report No. 39, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, January 2003. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--03/5001--SE + (1-105) 
 
Lena Neij, Per Dannemand Andersen, Michael Durstewitz, Peter Helby, Martin Hoppe-
Kilpper, Poul Erik Morthorst, Experience curves: a tool for energy policy programmes 
assessment. 
IMES/EESS Report No. 40, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, January 2003. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--03/3034--SE + (1-?) 
ISBN 91-88360-56-3 
 
Peter Joelson, Environment and Economy in Symbiosis? Experiences of Environment 
Management with Environmental Management System from Small Swedish Energy 
Enterprises. 
IMES/EESS Report No. 41, Department of Technology and Society, Environmental and 
Energy Systems Studies, Lund University, Sweden, May 2003. 
ISSN 1102-3651 
ISRN LUTFD2/TFEM--03/5002--SE + (1-94) 



ISSN 1102-3651 
ISRN LUTFD2/TFEM--03/3035--SE + (1-95) 

ISBN 91-88360-60-1 

  

 

 

 

 

 

 

 


	Subcontractors and Component Suppliers inn the Swedish Wind Power Industry
	Preface
	Table of Contents
	Main text
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4

	Appendix 1
	Appendix 2
	Appendix 3
	Appendix 4

	Bibliography
	Reports from the Department of Environmental and Energy Systems Studies

